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1 Introduction

The following agreements have been made during past meetings:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

The CSI feedback consists of rank indication, PMI and CQI. Hence the above mentioned working assumption can be further separated into feedback of spatial information such as PMI, and CQI feedback. In this contribution we discuss the need of inter-CSI-RS-resource feedback from PMI perspective.
2 Need of inter-CSI-RS-resource phase information
The use of spatial information across CSI-RS resources in addition to per-CSI-RS resource PMI has been an important discussion topic during previous meeting, with several companies supporting such an approach [1]. In [1] we have been investigating the need of such phase information in scenario 3/4, while limited gains in the order of +3% have been reported. During previous discussions it has been argued that the use case of such inter-CSI-RS-resource phase information is mainly in scenario 1, where CSI feedback is less exposed to time misalignments and other imperfections as in case of scenarios 2/3/4. 
As stated in previous meeting, from our perspective, further proof of inter-CSI-RS-resource phase combiner benefits would be needed, in particular taking realistic impairments into account. So far, for example propagation delays and imperfect synchronization have mostly not been taken into account in the joint transmission CoMP studies. These obviously induce timing offsets that in frequency domain translate into a linear phase ramp. The timing offsets will be of a magnitude larger than for example in co-located case for which the issue was identified to be problematic during the DL MIMO SI studies. Such phase ramps, especially with current feedback granularities, will effectively ruin coherent transmission and hence should definitely be considered in the evaluations. From this perspective it also seems that if coherent joint transmission is desired, one part of inter-CSI-RS-resource phase feedback should be information about the linear phase ramp.

On the other hand, dynamic point selection and non-coherent joint transmission are more robust towards such impairments and have been demonstrated to also provide good gains. These schemes do not require complex inter-CSI-RS-resource phase feedback and from that perspective could be simpler to specify within Release 11 timeframe. However, as shown in [1], joint transmission benefits from aggregated JT CQI feedback.

Joint transmission (JT) is simulated in scenario 1 in system level to see the effect of the inter-CSI-RS-resource phase combiner. In coherent JT we assume that quantized phase combiner is available at transmitting side, while in non-coherent JT such combiner does not exist. In both cases we assume that aggregated CQI is available for CoMP reporting UEs. In addition, all UEs feed back traditional single point CQI, PMI and RI for fallback purposes. Additional simulation assumptions can be found in the Appendix A. Table 1 shows system level results in  2x2 scenario 1. Average spectral efficiencies are almost similar for coherent and non-coherent transmission. Coverage gains with coherent transmission using 2 bits for quantization are with +1.8% larger than non-coherent transmission. As observed in scenario 3/4 [1] , the difference between coherent and noncoherent transmissions is not very large. From the opposite perspective, the additional inter-CSI-RS-resource phase combiners bring so little gain, that it can hardly justify the additional complexity and overhead. In addition, these limited gains are observed in a scenario where impairments are rather limited.
Table 1. System level performance comparison for non-coherent JT with aggregated CQI, 
2x2 SU-MIMO scenario 1.
	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz/UE]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	JT-CoMP aggregated, non-coherent
	1.913
	0.0507
	-
	-

	JT-CoMP aggregated, coherent 2 bits
	1.913
	0.0516
	+0%
	+1.8%


Observations: 
· Performance difference between coherent and noncoherent joint transmission is small also in scenario 1.
· Hence negligible gains are observed also in a scenario where impairments are rather limited.
· Schemes such as dynamic point selection and noncoherent JT already provide gains in system level and do not require inter-CSI-RS-resource phase feedback.

Here we have mainly addressed the need of inter-CSI-RS-resource phase feedback. While such feedback is not seen necessary, it is emphasized that there are also other kinds of inter-CSI-RS-resource feedback that might prove to be more beneficial. For example, for dynamic point selection purposes one might consider indication of the preferred CSI-RS resources, or more generally one might consider indicating multiple preferred CSI-RS resources in order to support also non-coherent JT. After all, dynamic point selection and non-coherent joint transmission have been proven to provide good performance across all scenarios [3][4]
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[5] and from that perspective it would be desirable to focus the effort of designing inter-CSI-RS resource feedback for those schemes.
3 Conclusions

In this contribution we have discussed the feedback options for multi point transmission. Our proposals can be summarized as follows.

Proposals: 

· Inter-CSI-RS-resource phase feedback is not required in any of the CoMP scenarios as performance benefits are limited and not justifying the feedback overhead.
· Other types of inter-CSI-RS-resource feedback should be considered.

· For example indication of preferred transmission points.
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	Scenario 1: 3GPP case 1 3D

	Carrier frequency
	2.00 GHz

	Deployment scenario
	CoMP Scenario 1 according to 36.819. Coordinated points:3 macro sectors

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	9dB (RSRP)

Max. 2 reported points

	Number of UEs
	Scenario 1: 10UE/macro sector

	Transmission scheme
	SU-MIMO with  rank adaptation

	UE receiver
	3GPP Option 1

	Channel estimation for feedback
	CSI-RS based

	Channel estimation for demodulation
	Realistic, AVI tables

	UE Feedback
	Rank indicator

CQI and PMI: 6 PRB subband size, 6 ms delay and 10 ms interval

ACK/NACK delay 6ms

Phase combiner report: 6 PRB subband size, 6ms delay and 10 ms interval, 2 bit quantization

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS legacy overhead

DM-RS: 12 RE/PRB for 1-2 orthogonal DM-RS ports

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


