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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.

There were no further agreements made in RAN1#68. In this modified resubmission of R1-120376 we discuss discuss different CQI hypotheses with the assumption of per point PMIs and common rank. We assume that CoMP rank may be different from the single point, e.g. stronger point rank. 
2 CQI feedback
CoMP feedback problem relates mostly to the CQI feedback. CQI may be per point or based on a CoMP scheme hypothesis as different assumptions may be used to derive the CQIs, for example:

· When reporting an aggregated joint transmission (JT) CQI, UE assumes combined transmission from N points to the UE. Here the combining may in principle be non-coherent or coherent.

· When reporting a dynamic point selection (DPS) CQI without muting, UE assumes transmission from a selected transmission point and interference from other transmission points.

· When reporting a DPS CQI with muting, UE assumes transmission from one point and zero interference from points that are assumed to be muted. 

The option of having per point CQIs has been advertised to provide flexibility in the implementation as CQIs corresponding to different CoMP schemes may be derived from the per point CQIs. Similarly, for example from an aggregated JT CQI and fallback single point CQI the CQI for other point may be derived. For example, if there are two points, the other point CQI derivation is quite clear, a substraction between the two available CQIs. For the case of three points, the outcome of the substraction can be seen as a sum of the two points’ CQIs. Of course the division of two gives only a rough estimate. Or, if the same feedback load is allowed as for the per point CQI case, then instead of the weakest point CQI, there could be the aggregated CQI. Common problems for such CQI prediction are that the received per point CQIs from which the aggregated CQI should be derived at the eNB side are quantized individually and contain also other impairments.
It is also noted that aggregated CoMP CQI feedback may be needed also for testing purposes depending on the supported CoMP feedback schemes. If inter-CSI-RS-resource feedback is specified, for example if the UE is to indicate a recommendation on which of the points (CSI-RS resources) should be transmitting [2], an aggregated CoMP CQI would be needed in order to ensure the testability of the inter-CSI-RS-resource feedback scheme using the typical follow-CQI principle that is used in the feedback test cases.

Observation: 

· The number of CSI-RS resources in the CoMP measurement set is having a direct impact on the feedback load. 
Proposal: 

· The number of CSI-RS resources should be agreed prior to deciding the specific CQI reporting method.
CoMP transmission rank also has direct impact on the feedback amount if per point CQIs are defined. With aggregated CQI, the amount of feedback grows less. For example, for two points, the per point feedback for rank>1 means four CQIs and for aggregated CQI it means three to four CQIs depending on single cell transmission rank. If the number of points is three, there would be 6 per point CQIs and for aggregated, it would be the same three to four. Thus we propose that aggregated CQI is considered for higher rank transmission as was proposed in [2]. 
Proposal: 

· aggregated CQI is considered for higher rank transmission.

3 Per CSI-RS resource vs. aggregated CQI
In our example case we have two points cooperating. We have 
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, as receive filter, channel matrix and PMI for point i and define 
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. We denote 
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as the noise term after receiving processing, 
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as the other-than-the-serving-point interference and 
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as the outer CoMP measurement set interference. For normal single point Release 8 to 10 operation the single point CQI for the serving point i is defined as
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For joint transmission, coherent or noncoherent, the aggregated receiver, channel and PMI are denoted as 
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, respectively. Note that for case of coherent JT, the aggregated PMI includes the phase combiner. The aggregated JT CQI then reads
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For per CSI-RS resource CQI (hence DPS) reporting we have two options of defining the per CSI-RS resource CQIs. Type 1 per CSI-RS resource CQI is similar to the Release 8/9/10 CQI and reads
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The type 2 per CSI-RS resource CQI has muting assumption for the other cooperating point and reads
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When the UE reports the per CSI-RS resource CQIs the eNB may derive the JT CoMP –based aggregated CQI from those. We have tested two approaches, named typeA and typeB. The typeA is the one used in [3]
where CQIs are the per point CQIs Type 1 or Type 2, depending on which assumptions are simulated. The second approach was used in [4] 
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where again the CQIs are of Type 1 or Type 2 depending on the case simulated. 

Fallback CQIs

When per point CQI with no muting assumption (CQI Type 1) are simulated, the fallback CQI to the serving point is the normal Rel 8/10 CQI as the Type 1 CQI is calculated as the Rel 8/10 single point CQI. When the per CSI-RS resource CQIs are calculated with the muting assumption (CQI Type 2), the correct fallback CQI is not available. Following the approach in [3], we derive the fallback CQI as
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As the correct fallback CQI is not available for the Type 2 case, the fallback performance can be expected to be lower than for the case of aggregated JT CQI or with Type 1 per point CQI. To have correct fallback CQI for the case of Type 2 CQIs, it would require a third CQI to be fed back, hence results would not be directly comparable as one shceme would benefit form larger feedback. Current comparison assumed same feedback load for the two point transmission.
4 Results
Non-coherent JT CoMP is simulated in system level to see the effect of the different CoMP CQI types. Table 1 shows SU-MIMO JT system level results in scenario 3 configuration 4b. Average spectral efficiencies are nearly similar to SU-MIMO baseline with all CQI assumptions. Overall the best performance gain of +20.6% is achieved with JT CoMP and aggregated CQI while CQI with muting shows the worst performance due the approximated fallback/single point CQI. Other CQI types give smaller or even negative coverage gains compared the SU-MIMO baseline because they suffer from CQI approximation done by the eNodeB.
Table 1 System level performance comparison for non-coherent JT with different CQI types, 
2x2 SU-MIMO Scenario 3/4 configuration 4b without eICIC.
	
	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
	-
	-

	JT-CoMP aggregated CQI
	2.414
	0.0754
	+0.0%
	+20.6%

	JT-CoMP CQI without muting; TypeA derivation
	2.408
	0.0651
	-0.2%
	+4.2%

	JT-CoMP CQI without muting; TypeB derivation
	2.390
	0.0695
	-1.0%
	+11.2%

	JT-CoMP CQI with muting; TypeA derivation
	2.405
	0.0636
	-0.3%
	+1.8%

	JT-CoMP CQI with muting; TypeB derivation
	2.402
	0.0605
	-0.5%
	-3.2%


If we look at the per point CQI without muting case and compare the TypeA and TypeB derivation we see that TypeB derivation gives better performance. The reason is that as the per point CQI without muting are the Rel 8/10 CQIs, the sum of those overestimates the interference and thus adding a positive term scales the CQI closer to the true aggregated JT CQI. Then, if we look at the performance of the per point CQI with muting with TypeA and with TypeB derivations we can note that the TypeA derivationoverperforms the TypeB derivation. Because the CQIs with muting assumption do not include inte CoMP interference terms the addition of the  positive term to the sum of the CQIs overestimates the derived JT CQI. This leads the scheduler to choose JT transmission over the single point transmission falsely.
5 Conclusions

In this contribution we have discussed several feedback options for CoMP. Our observations and proposals can be summarized as follows.

· The number of configured CSI-RS resources in the CoMP measurement set is having a direct impact on the feedback load.

· The number of configured CSI-RS should be agreed prior to deciding the specific CQI reporting method.

· Aggregated CQI provides the best JT CoMP performance and should be considered.
· Fallback CQI is important as can be seen from the lack of gains for the CQI with muting that should be better for deriving JT CQI than CQI without muting.
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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 in all scenarios

	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
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