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Introduction
The following has been concluded previously regarding the study on CQI definition for CoMP:
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.
Agreement from RAN1#68bis:
· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11  
2 
Considerations for CQI definition
In CoMP scenario, one UE could be configured with multiple CSI-RS resources, and then multiple CQIs are needed to be reported depending on the demands. Compared to Rel-8 CQI feedback, it need take into account more factors, e.g diverse transmission schemes, or varied transmission points. As a common sense, CQI definition is related to two aspects, signal part and interference part. In this section, we will analyze CQI definition from these two aspects.
For CoMP application, typically, each CSI-RS resource is corresponding to each TP. In case of signal part, one straightforard way is to use the CSI-RS signals from one TP as independent signal source. One possible extension is aggregating CSI-RS signals of multiple CSI-RS resources as signal source. However, currently it is still not clear for the benefit of signal aggregation, especially in the context of no explicit inter-CSI-RS-resource phase indication. 
In case of interference part, different transmission schemes may require different interference hypotheses. In theory, one UE could be configured with multiple interference hypotheses [1]. Though the number of interference hypotheses for one UE are not decided, it is clear that one CQI is only associated with one interference hypothesis. 
Based on signal and interference analysis, one CQI could be determined by one CSI-RS resouce and one interference hypothesis pair. Therefore, we propose: 
Proposal-1:  One CQI should be corresponding to one CSI-RS resource and one interference hypothesis pair
Considering one UE could be configured with multiple CSI-RS resources, one natural way is to allow reporting independent CQI/PMI/RI for each CSI-RS resouce, which is simple and backward compatible. For existing CoMP transmission scheme, DPS and DPB, even CB/CS are suitable to utilize per CSI-RS resouce feedback, because those schemes only involve single TP transmisssion. In terms of joint transmission, transparent CSI-RS configuration has already supported this scheme, hence, per-CS-RS resource CSI feedback is still workable.
Potential optimization for feedback mechanism is possible. But the optimization target is not clear, either overhead reduction, or CSI coordination, needs to be justified. Reusing Rel-10 PUCCH mechanism could be an easy way to support multiple CSI feedback. Considering that CA framework has supported per carrier feedback in R10, in addition, the size of CSI measurement set is relatively small, per-CSI-RS resource could be as the baseline in this context. 
Proposal-2:  Separate CSI reporting for each CSI-RS resource is the baseline 
When we look at the Rel-8 CQI definition, we could find the PMI is highly relevant to the CQI hypothesis. From test case point of view, judging whether one PMI is optimal is depending on its CQI metric. In this sense, PMI selection is associated to one certain CQI. In addition, RI is also relied on the CQI hypothesis. High rank transmission should work in high SINR region. For CoMP application, due to possibly multiple interference hypotheses, PMI/RI selection was proposed to be independed on interference hypothesis to reduce feedback overhead [2], but this methodology needs careful study. In general, it relies on two factors, PMI/RI selection robustness and testability. 
In case of PMI/RI robustness, if PMI/RI is varied sharply in case of different interference hypotheses and consequently causes significant performance loss, then reusing one single PMI/RI may not be sufficient. Of course, feedback overhead is still needed to be taken into account. In case of testability, do we need to change already specified PMI/RI selection criterion? For legacy PMI/RI selection, PMI/RI is chosed to optimize the expected throught. Hence, if PMI/RI is independed on CQI hypothesis, how to guarantee PMI/RI performance. There are two options to address this issue. One is only defining one PMI/RI test case under a certain interference hypothesis. Then reusing this PMI/RI for all interference hypothesis. Another option is defining a new test methodology for PMI/RI test. For example, just selecting an optimal PMI to maximize the power of received signal part. If reusing one single PMI/RI under different interference hypotheses, perhaps only one interference hypothesis matches well this PMI/RI. If changing the test methodology, RAN4 confirmation is needed.
Based on above analysis, CQI hypothesis independed PMI/RI selection should be evaluted from performance and test feasibility. If these two issues are not resolved, PM/RI selection may not be independed on interference selection. 
Proposal-3: CQI hypothesis dependent PMI/RI selection should be the baseline for CoMP applications 
3    On the need for aggregated CQI 
Aggregated CQI has been proposed as a method for optimizing JT. The need for aggregated CQI may be evaluated with regards to the following aspects:

System performance: Simulations are performed assuming an IMR configuration that excludes interference from inside the CoMP measurement set and with per-point CQI reporting. These results are compared with a system utilizing aggregated CQI reporting. As shown in Table 1 the loss due to the absence of aggregated CQI ranges in the order of 1-2% in cell-edge SE.

Table 1: JT Simulation Results comparing the benefits of aggregated CQI
	Case
	Feedback description
	Cell-average SE
	Cell-edge SE

	1
	aggregated CQI/RI 
	2.25
	0.077

	2
	Per-point CQI/RI 
	2.24

-0.44%
	0.076

-1.29%


Low/high rank performance: It has been pointed out that in certain cases the degradation due to the absence of aggregated CQI depends on the transmission rank. In our simulations we observed quite similar throughput degradations for both rank-1 and rank-2 transmissions, specifically 4.8% for rank-1 transmissions and 2.9% for rank-2 transmissions. Therefore the degradations seem to depend on the specific assumptions in the receiver, scheduler and outer-loop link adaptation (OLLA). Note that the absolute throughput loss for rank-2 transmissions is higher than that for rank-1 but as a percentage the degradation is smaller due to the larger average throughput for rank-2. Note that due to the small number of CoMP UEs the impact to the overall system throughput is very small.
Effect of frequency error: It may be noted that a small frequency mismatch between the two TPs involved in JT can adversely affect the reliability of aggregated CQI/RI. The time delay between JT CQI measurement at an UE and the occurrence of JT cannot be predicted by the UE and therefore leads to this issue of reliability. This issue can be aggravated by UE velocity. In the Figure 1 and 2, we consider a fixed 10Hz frequency offset between two TPs and show the difference in throughout as a function of delay ranging from 0-50ms (for a UE with 3kmph). .
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Figure 1: 3dB JT-SNR
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Figure 2: 13dB JT-SNR
UE complexity/testing: The introduction of aggregated CQI may greatly increase the number of CQI hypothesis required to be determined by an UE. This is particularly the case if three CSI-RS resources are possible to be configured for an UE, as then JT between two TPs (with 3 different combinations are possible) as well as JT over the full CoMP measurement set of 3 CSI-RS resources. Significant optimization (in standardization) may be needed to keep the feedback overhead and UE processing complexity reasonable.
It also appears that there are many possibilities of defining rank, best sub-bands, best TPs for JT (from a UE perspective) and significant standardization efforts will be required for an optimized design. We also envision the necessity of new tests for aggregated CQI based on these definitions.
Based on above discussion, it can be concluded that performance gain of aggregated CQI is quite limited, while it causes significant complexity in UE feedback and test case definition, therefore, we propose:
Proposal-4:  Aggregated CQI across multiple CSI-RS resouce is not supported
4 
Conclusions
In summary we have the following conclusions:
Proposal-1:  One CQI should be corresponding to one CSI-RS configuration and one interference hypothesis pair
Proposal-2:  Separate CSI reporting for each CSI-RS resource is the baseline 
Proposal-3:  CQI hypothesis dependent PMI/RI selection should be the baseline for CoMP applications
Proposal-4:  Aggregated CQI across multiple CSI-RS resouce is not supported 
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Table 2: System Simulation Assumptions
	Parameter
	Value

	Deployment scenario
	Scenario 1

	Channel model
	Urban Macro high spread 3kmph

	Antenna configuration
	4x2 XP

	Feedback
	Rel-8 feedback for per-CSI-RS resource, aggregated CQI/RI (optional), no inter-point phase feedback (inter-point phase = 0)

	Size of UE specific cooperating set
	2

	Receiver
	MMSE

	Interference measurement
	Configured to measure interference from outside the CoMP measurement set

	JT link adaptation with per point CQI
	CQIJT = (CQI1+ CQI2+√CQI1*√CQI2)*Δ where CQI1 is the per-point CQI for TP1, CQI2 is the per-point CQI for TP2 and delta is an empirical adjustment factor fixed at 0.5. The usual outer loop link adaptation is also enabled.


Table 3: Link simulation assumptions
	Parameter
	Value

	Deployment scenario
	2 eNBs, 1 UE, 10 MHz, UE receives both bases at equal power on average

	Channel model
	SCM urban-macro channel (non-LOS): 15 degree angle spread (eNB), 0.65 usec RMS delay spread, 3 km/hr

	Antenna configuration
	2Tx antennas at eNBs (XP), 2 Rx antennas at UE (XP)

	Feedback
	4 Tx LTE codebooks used for JT-PMI, Narrowband (6 PRBs) or wideband (50 PRBs) feedback, 5 msec feedback delay

	Receiver
	MMSE

	JT-SNR
	Ratio of total power received from 2 eNBs to interference received from other eNBs


