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1 Introduction

The following agreements have been endorsed 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.

There were no further agreements made in RAN1#68. In this modified resubmission of R1-120374 we discuss the tradeoffs of having aggregated CQI vs. per-CSI-RS-resource CQIs while more detailed results on different CQI definitions can be found in [4]. We are treating the rank indication issue in a companion contribution [3].
2 Aggregated feedback vs. per point feedback
The current “per-CSI-RS-resource feedback” agreement has no clear indication whether this is RI, PMI or CQI or all, or whether this is frequency selective of wideband. The per point PMI is needed to support at least JT, while in the case of DPS the serving point PMI is needed. The per-point CQI may enlarge the feedback load unacceptably especially for rank 2. This is further factorized by the number of points used in the reporting set. When going frequency selective the amount of feedback increases further by the amount of subbands. Hence, one may expect 11 bits x N_points x M_sub-bands, considering 4-bit-PMI + 4-bit-CQI + 3-bit-relative-CQI per point per sub-band. More detailed feedback load discussion may be found in accompanying contribution [3]
On the other hand, CQI may be computed based on a CoMP hyphothesis, hence one may construct aggregated CQI for JT purpose or various DPS CQIs based on muting or no muting assumptions. Additionally when using hyphothesis based CQI, it is beneficial to have available a fallback single point CQI. The hyphothesis behind CQI computation needs to be known to UE and eNB as well. 

For two transmission points, the CQI feedback load of per point CQI compared to aggregated CQI and a fallback single point CQI is similar, provided that one of the per point CQIs is used for the single point transmission. However for more than two transmission points the aggregated feedback has lower load as the CSI feedback is simply not factorized with the number of reported points. As pointed out in [2]
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[3], aggregated CQI may also only replace the weakest point CQI. Our view on number of transmit points is discussed in [8].
Observation: 
· Per point CQI feedback load grows at a faster rate compared to aggregated/CoMP hyphothesis CQI. 
· The number of CoMP transmission points needs to be limited.
Per point CQIs are often advertised by flexibility, as for example a JT CQI may be derived from several per point CQIs. However, for two transmission points the other point CQI may be derived from the aggregated JT CQI and a fallback CQI. Or, if there are N CQIs but one of the-per point CQIs is replaced by the aggregated CQI, estimated for the one CQI may be derived.   
It is also noted that a CoMP hypothesis specific CQI feedback may be needed also for testing purposes depending on the supported CoMP feedback schemes. For example, if the UE is to indicate a recommendation on which of the points (CSI-RS resources) should be transmitting, an aggregated CoMP CQI would be needed in order to ensure the testability of the feedback scheme.
Thus the problem is what should be assumed for CQI calculation and how to have common understanding at the UE and at the network side about the UE transmission hypothesis used for a given CQI report. At the same time the CQI feedback scheme should be flexible enough to support as many CoMP schemes as needed, and also ensure the testability of the specified feedback schemes. The CoMP feedback is assumed as an additional feedback to a baseline or to fallback feedback that is single-point transmission –based RI/PMI/CQI feedback. It is noted that reporting CQI for all possible CoMP transmission scheme hypotheses would imply a very high uplink overhead. For example, reporting per point CQIs with both muting and non-muting assumptions for muting DPS.
As already noted in discussion above, the CoMP feedback problem relates mostly to the CQI feedback. Although joint transmission is in principle possible with per point CQIs, in [5], [6] the aggregated CQI has been demonstrated to be important for realizing the gains of joint transmission [4]. The importance of aggregated CQI is also highlighted by result in Table 1 where non-coherent JT with aggregated CQI and JT CQI derived by summing per point Release 8/10 CQIs are compared. 
Table 1 System level performance comparison for non-coherent JT with aggregated CQI and per point Rel 8/10 CQIs. Scenario 3/4 with configuration 4b. 

	Configuration 4
	Average TX-point spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz/UE]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	SU-MIMO
	2.413
	0.0625
	-
	-

	Non-coherent JT-CoMP, aggregated CQI
	2.414
	0.0754
	+0.0%
	+20.6%

	Non-coherent JT-CoMP, summed per point Rel8/10 CQI
	2.408
	0.0651
	-0.2%
	+4.2%


Observations: 
· Aggregated JT CoMP CQI has been demonstrated to provide performance benefits.

· CoMP hypothesis specific CQI may be required for CoMP feedback testing purposes.
Proposal: 
· Strive for a CQI definition that provides flexible support of multiple CoMP schemes while keeping the added feedback load and UE computational complexity in minimum.
3 Conclusions

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

· Per point CQI feedback load grows at a faster rate compared to aggregated/CoMP hyphothesis CQI. 
· The number of CoMP transmission points needs to be limited.

· Aggregated JT CoMP CQI has been demonstrated to provide performance benefits.

· CoMP hypothesis specific CQI may be required for CoMP feedback testing purposes.
· Strive for a CQI definition that provides flexible support of multiple CoMP schemes while keeping the added feedback load and UE computational complexity in minimum.
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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
	ITU UMa for macro, UMi for low power node

	Carrier frequency
	2.00 GHz

	Deployment scenarios
	CoMP Scenario 3/4 according to 36.819. Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 reported points

	Number of UEs
	30UE / macro geographical area. UE dropping according 36.814.

	Transmission scheme
	SU-MIMO with  rank adaptation

	UE receiver
	Option 1

	Channel estimation for feedback
	CSI-RS based

	Channel estimation for demodulation
	Realistic

	UE Feedback
	Rank indicator

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

ACK/NACK, delay 6ms

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 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


