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1 Introduction

In RAN1 #67 in San Francisco, November 2011, the following is agreed for CSI feedback to support 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.

Assuming per-CSI-RS-resource PMI is to be used, the above agreement includes both possibility of aggregated CQI [1] (derived across multiple CSI-RS-resource) and per-CSI-RS-resource CQI. In this document, we discuss several possible definitions of how to determine the CQI. The main proposal is to enable a unified signalling to support the above various CoMP operations.
2 Possible CQI Definitions
CQI calculation includes two parts, single power estimation and interference power estimation. Either of them may be measured per-CSI-RS-resource or across multiple CSI-RS-resources. We categorize aggregated CQI and per-CSI-RS-resource CQI based on signal power estimation. We list possible CQI definition in Table 1. In Table 1, Type 1/2a/2b/3 correspond to per-CSI-RS-resource CQI, while Type 4a/4b correspond to aggregated CQI.
Table 1. Categorization of possible CQI Definitions
	
	Signal
	Interference

	Type 1 (Rel-8)
	- Per-CSI-RS-resource
	- Per-CSI-RS-resource

	Type 2a
	- Per-CSI-RS-resource
	- Across CSI-RS-resource
- Out of measurement set

	Type 2b
	- Per-CSI-RS-resource
	- Across CSI-RS-resource
- Out of measurement set, same Rx beamforming

	Type 3
	- Per-CSI-RS-resource
	- Across CSI-RS-resource
- CB

	Type 4a
	- Across CSI-RS-resource
- with co-phasing
	- Across CSI-RS-resource
- SU-JT

	Type 4b
	- Across CSI-RS-resource
- without co-phasing
	- Across CSI-RS-resource
- SU-JT 


Type 1: This CQI reporting type uses the Release 8 mechanism for individual reports, where interference includes interference from all cells except the serving cell. Each CQI report corresponds to a single cell transmission from one transmission point. Such CQI is a very straightforward extension of Rel-8/10 mechanisms and causes small standardisation effort. The main concern of this definition is how to accurately derive a CQI used for MCS allocation on CoMP PDSCH transmissions from the multiple individual reports. Our current impression is the accuracy of such an approach is doubtful and causes non-negligible performance degradations.
Type 2a: This CQI reporting type also uses the Release 8 mechanism for individual reports. However the CQI in each report is calculated assuming the interference is from outside the CoMP measurement set. It is possible to combine those CQIs to support CB operations with reasonable accuracy [2]. However its performance to support JT may be not so satisfactory [3]. Dynamic blanking may be supported by this reporting type, where a UE is configured to give one CQI report assuming the CoMP measurement set size is one, and to give another CQI report assuming CoMP measurement set size is two (where interference from neighbor cell is muted).
Type 2b: This CQI reporting type is similar to type 2a, where each CQI is calculated assuming the interference comes from outside of the CoMP measurement set. Type 2b puts an additional constraint on interference calculation that the same Rx beamforming is applied when calculating each CQI report. In general the exact Rx beamforming vector/matrix would be calculated across multiple CSI-RS resources [4][5]. Such a CQI type can support SU-JT and MU-JT better than type 2a, but the support to CB or DPS is not so clear yet. 

Type 3: This CQI reporting type is calculated assuming coordinated beamforming. The signal power may be calculated assuming the reported PMI is appliedby the serving cell. The interference power may be calculated assuming another PMI is applied by the interfering transmission points  within the CoMP measurement set. Such feedback is quite accurate for CB operation.
Type 4a: This CQI reporting type is calculated assuming SU-JT. The signal power assumes PDSCH from multiple transmission points, the interference may come from outside the assumed transmission points. Additional co-phasing information is reported to enable coherent combining at the UE. Such feedback is accurate for SU-JT operation.
Type 4b: This CQI reporting type is the same as Type 4a except the additional co-phasing information is not reported. The UE may assume a fixed phase offset (e.g., 0 deg) in the CQI calculation. Performance would be degraded compared with Type 4a, but additional reporting of co-phasing information is avoided.
Table 2. Possible CQI calculation assumptions.

	
	Signal power
	Interference power
	Multiple CQI
	Assumed transmission

	Type 1
	One TP
	Out of one TP
	Yes
	Single cell

	Type 2a/2b
	One TP
	Out of CoMP measurement set*
	Yes
	DPS (Single cell but other TPs in CoMP measurement set is muted)

	Type 3
	One TP
	Out of one TP**
	No
	Coordinated beamforming

	Type 4a/4b
	Multiple TP
	Out of JT transmission points***
	No
	Joint transmission


*For Type 2b, enforcing same Rx beamforming vector for multiple CQIs.
** Interfering TP in CoMP measurement set assumes certain PMI.

***For Type 4b, co-phasing is not reported but a fixed phase offset is assumed.

The CQI calculation assumptions are summarized in Table 2. We note that those definitions do not preclude each other. Instead, it is quite possible to report several of them in parallel to enable flexible CoMP operations. For example, Type 2a and Type 4a CQI may be reported in parallel to enable eNB to freely schedule between DPS and JT. We further note that it is possible to design a unified signaling to configure which CQI is/are to be reported by the UE. For example, a signaling to configure UE which TP is signal, and which TP is interference (or muted) may easily enable to report those CQIs in a unified mechanism.
3 Conclusions

We list several CQI definitions may be useful to CoMP operation. We note that those CQIs do not preclude each other and may be configured by a unified signaling. In addition, the following signaling seems a nice candidate as a unified signaling method for various CoMP CQIs
· For one CSI report configuration, indicate the reference resources used for signal power and interference power estimation, respectively, to the UE.
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