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1 Introduction
In this paper, the principle of CoMP CQI feedback with multiple signal and/or interference hypotheses is discussed. The definition of CoMP CQI is provided as the association of transmission assumption and interference assumption, and dedicated RRC signalling is proposed to configure the CQI feedback format. 
2 CoMP CQI Feedback with Multiple Hypotheses
The spirit of Rel. 11 CoMP solution for Hetnet Scenario (scenario 3 and scenario 4) is decoupling of common/control channels and traffic channels. Dynamic point selection (DPS) provides the ultra amorphous mapping between transmission points/cells (as shown in Figure 1) and traffic channel of UE, whereas dynamic blanking provides the dynamic interference coordination among points/cells in power domain. The target of Rel.11 CoMP for Hetnet scenario is to provide substantial standard support of any range extension (load balancing) and any blanking in a dynamic manner. 
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Fig.1 (a) EICIC                                      (b) Amorphous mapping from transmission points to UE traffic channel

Here we analyze the support of amorphous mapping and dynamic interference coordination in power domain in the aspect of CQI feedback. 

· DPS: each candidate point for selection to serve the UE is assumed as serving point, whereas all other points will be assumed as interference points. Multiple CQI reports are needed to facilitate the eNB scheduling since the CQI reports of different points are statistically independent of each other.
· DPB: DPB CQI assumes that a point or a set of points is blanked. The power on/off of points results in different combinations of interferers. Multiple CQI reports are needed to facilitate the eNB scheduling since the CQI reports corresponding to each interferer combination are statistically independent of each other. Note that multiple CQI reports are supported in Rel.10 eICIC in the form of resource-restricted measurements.
System simulation is conducted to evaluate the performance gain from multiple CQIs with different hypotheses. In the simulation, 3GPP config4b with 4 picos per macro area is assumed. DPS and DPB are utilized in the coordination area consisting of 3 macro sectors. Burst buffer traffic with FTP model 2 is assumed, with λ=0.2 and packet_ size = 0.5M bytes. UE reports 2 DPS CQIs (1 CQI by assuming PDSCH sent by macro, 1 CQI by assuming PDSCH sent by the strongest pico and macro is not blanking) and DPS/DPB CQI (assuming PDSCH sent by the strongest pico and macro is blanking), to help the scheduler allocate resource and transmission method. As shown in Figure 2, 45% cell edge gain and 15% cell average gain are achieved based on multiple CQIs feedback with hypotheses of DPS and DPB.
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Fig. 2 CoMP Gain with multiple CQI feedback, 2x2, X-pol (baseline: single-cell SU-MIMO)
Proposal 1: Multiple CoMP CQIs with different signal and interference hypotheses can be reported.
3 Definition and Configuration of CoMP CQI

Since multiple CQI reports are needed for the CoMP scheduler, and interference measurement for CQI calculation will be different from the previous release, CQI definition and configuration should be specified.
One way of obtaining the correct transmission and interference hypothesis could be that interference or CQI may be derived by eNB recalculation of the CQI based on the channel estimated over non-zero-power CSI-RS. For example, consider the example in Table 1, where the CoMP measurement set consists of two transmission points, a macrocell TP1 and a picocell TP2. Two CQIs may be derived assuming transmission from TP1 and TP2, respectively, and no interference from TP2 and TP1, respectively. 

Table 1 – Example of CQI reports with different transmission hypothesis
	
	Transmission hypothesis
	Interference hypothesis
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	TP1 (macrocell)
	Outside CoMP measurement set

	
[image: image4.wmf]2

CQI


	TP2 (picocell)
	Outside CoMP measurement set
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, where 
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denote the received signal power from macro and pico, respectively, and 
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is the noise plus interference outside the CoMP measurement set.
For better scheduling, the eNB needs to re-calculate the CQI to estimate the CQI with different transmission or interference hypothesis. In HetNet, the eNB needs a CQI with transmission hypothesis from TP2 and interference hypothesis from TP1 (for example TP2 is a picocell and TP1 is a macrocell).
So the metrics the eNB needs for efficient scheduling are:
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for hypothesis of transmission from macrocell,
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for hypothesis of transmission from picocell and macrocell is not blanking,
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for hypothesis of transmission from picocell and macrocell is blanking.
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 are the estimates of the interference from the picocell and from the macrocell, respectively.

Obviously 
[image: image17.wmf]2

CQI

CQI

c

=

. On the other hand, 
[image: image18.wmf]a

CQI

 and 
[image: image19.wmf]b

CQI

 can also be approximated as:
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, by replacing 
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The substitution of the interference term by the signal term poses some problems, since it means that the interference is always estimated as the worst case precoding from the interference point in the CoMP measurement set. 
Observation: CQI re-calculation at the eNB results in interference estimation mismatch compared to directly measuring the interference for one CQI based on one IMR.

As shown in the previous sections, the CQI for CoMP is a combination of signal part and interference part. The signal part is computed with the assumption of transmission from a certain transmission point (or multiple transmission points in case of JT with aggregated TPs or aggregated PMI) associated with one CSI-RS resource, while the interference part reflects the CoMP coordination for the assumed transmission scheme and it is measured on a certain interference measurement resource. In order to avoid the problem of interference mismatch associated with CQI re-computation, the exact interference is measured on the interference measurement resource without any need to re-compute the interference at the UE or to re-compute the CQI at the eNB. The eNB is responsible for providing the correct interference signal on each interference resource [1].
Multiple hypotheses on signal and interference should be provided for CoMP CQI feedback. However, a UE should not be obligated to report the superset of all CQIs corresponding to every combination of signals and interferers. RRC signalling of CQI feedback format allows controlling the flexibility and overhead. For each CQI configuration, the following should be included for channel and interference measurements:
1) Hypothesis for signal: one NZP CSI-RS resource with Pc.
2) Hypothesis for interference: one IMR.
Based on the above analysis and additional observations in [1], we propose the following definition of CoMP CQI and the associated signalling for configuring multiple CoMP CQIs:

Proposal 2: Each CoMP CQI is RRC-configured by the association of
· one non-zero power CSI-RS resource from the CoMP Measurement Set
· one Interference Measurement Resource
4 Conclusions

We analysed the CoMP CQI feedback aspects in this paper. The observations and proposals are summarized below:
Proposal 1: Multiple CoMP CQIs with different signal and interference hypotheses can be reported.
Different methods for calculation the CQI according the CoMP transmission hypothesis were discussed, resulting in the following observation:
Observation: CQI re-calculation at the eNB results in interference estimation mismatch compared to directly measuring the interference for one CQI based on one IMR.

The following definition of the CoMP CQI is proposed.

Proposal 2: Each CoMP CQI is RRC-configured by the association of
· one non-zero power CSI-RS resource from the CoMP Measurement Set
· one Interference Measurement Resource
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