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1. Introduction

At the RAN 1 #66bis and #67 meetings, agreement was reached on the following items for CSI feedback in Rel-11 CoMP.

· Common feedback/signaling 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 schemes
· 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
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback
In this contribution, we investigate a CQI definition for Rel-11 CoMP.
2. Possible CQI Definitions for Rel-11 CoMP
Table I summarizes possible alternatives for a CQI definition for Rel-11 CoMP. Alt. 1 assumes the conventional CQI definition, which is the same as in Rels-8/10 for each transmission point (TP) within the CoMP cooperating set. Alt. 2 assumes CQI considering the interference from outside the CoMP cooperating set both for serving and cooperating TPs [1-3], In Alt. 3, the conventional CQI is assumed for a serving TP, and the CQI considering the interference from outside the serving TP is assumed for cooperating TPs [4]. In Alt. 4, the conventional CQI for a serving TP, and CQI with the interference from outside the CoMP cooperating set for cooperating TPs are assumed. The above four alternatives can be categorized as individual per-TP CQI feedback methods. We also assume conventional CQI for a serving TP with additional relative/differential information for cooperating TPs as indicated in Alts. 5 and 6. In Alt. 5, the additional information is the relative signal power for cooperating TPs compared to that for a serving TP [4, 5], while in Alt. 6, the additional information is the relative received interference power for cooperating TPs compared to that for a serving TP.
Table I – CQI Definitions for Rel-11 CoMP

	CQI Definition
	Serving TP
	Cooperating TPs

	Individual per-TP CQI
	Alt. 1 
	Conventional CQI
	Conventional CQI

	
	Alt. 2 
	CQI considering interference from outside CoMP cooperating set 
	CQI considering interference from outside CoMP cooperating set

	
	Alt. 3 
	Conventional CQI
	CQI considering interference from outside serving TP

	
	Alt. 4 
	Conventional CQI
	CQI considering interference from outside CoMP cooperating set

	CQI with relative/differential information
	Alt. 5 
	Conventional CQI
	Relative received signal power

	
	Alt. 6
	Conventional CQI
	Relative received interference power


Proposal 1: The following alternatives are considered for the CQI definition in Rel-11.

· Alt. 1: Conventional CQI, which is the same as that in Rels-8/10 both for serving and cooperating TPs
· Alt. 2: CQI considering the interference from outside CoMP cooperating set both for serving and cooperating TPs
· Alt. 3: Conventional CQI for a serving TP and CQI considering the interference from outside serving TP for cooperating TPs
· Alt. 4: Conventional CQI for a serving TP and CQI considering the interference from outside CoMP cooperating set for cooperating TPs
· Alt. 5: Conventional CQI for a serving TP and the relative signal power of cooperating TPs compared to that for a serving TP for cooperating TPs
· Alt. 6: Conventional CQI for a serving TP and the relative received interference power of cooperating TPs compared to that for a serving TP for cooperating TPs
2.1
CQI Update Schemes at eNode B for each CQI Definition
In the CoMP operation, some CSI update mechanisms might be needed on the eNode B side based on the CSI feedback to estimate the CSI after the CoMP transmission. In this section, we investigate the CQI update schemes for each CQI definition considering some CoMP transmission schemes. 

Table II gives an example of a CQI formula for each alternative described in Section 2 assuming the CoMP measurement/cooperating set size of three. 
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 denotes the received interference power excluding the serving TP and i-th strongest TP, and N denotes the noise power.  In Alts. 5 and 6, 
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Table II – Example of CQI Formula for Each CQI Definition

	TP
	Serving TP
	Cooperating TPs

	
	CQI1
	CQI2
	CQI3

	Individual per-TP CQI
	Alt. 1
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	Alt. 2
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	Alt. 3
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	Alt. 4
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	CQI with relative/differential information
	Alt. 5
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	Alt. 6
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Based on the CQI formula in Table II, Table III shows some examples of CQI update schemes for each alternative. We assume multiple CoMP transmission schemes such as single TP, CS and DPS/DPB (considering the PDSCH transmission from serving or cooperating TP), and JT. 
Table III – Example of CQI Update Schemes at eNode B for Each CQI Definition

	Alt.
	Single TP
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	CS, DPS/DPB 
from serving TP

[image: image28.emf]1

2 3


	DPS/DPB from 
coordinated TP
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	JT
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*Red arrow indicates the TP with PDSCH transmission, and a yellow (white) TP indicates a non-muted (muted) TP.
As we can see from Table III, some CQI definitions (e.g., Alts. 1 and 4) need complex CQI update schemes for some CoMP transmission schemes, which would lead to a negative impact on CoMP CQI accuracy due to error propagation. To achieve efficient CoMP operation, we should consider the CQI update accuracy for each CQI definition not only for the CoMP transmission schemes, but also for single-point transmission (assuming fallback operation). From this perspective, investigations of the CQI update impact for the single-point transmission in Alt. 2 is also needed. In Alts. 2 and 3, a common interference measurement resource (IMR) among serving and cooperating TPs is assumed, which might yield a simple CSI configuration under multiple signal/interference measurement mechanisms [6]. In Alt. 6, higher quantization accuracy (or smaller feedback overhead) due to a narrower dynamic range of the relative interference power might be achieved. Table IV summarizes our current investigation results regarding the Pros and Cons for each CQI definition. 

Table IV – Pros and Cons for Each CQI Definition
	Alt.
	Pros.
	Cons.

	1
	· No specification impact

· Accurate single TP CQI (for fallback)
	· Complicated CoMP CQI update at eNB, which would have negative impact on CoMP CQI accuracy

	2
	· Common interference measurement resource (IMR) configuration
	· Less accurate single TP CQI (for fallback)

	3
	· Common IMR configuration 

· Accurate single TP CQI (for fallback)

· Simple CoMP CQI update at eNB
	· Lower CoMP CQI accuracy

	4
	· Accurate single TP CQI (for fallback)
	· Different CQI definitions between serving and cooperating TPs
· Complicated CoMP CQI update at eNB, which would have negative impact on CQI accuracy

	5
	· Accurate single TP CQI (for fallback)

· Simple CoMP CQI update at eNB
	· Different CQI definitions between serving and cooperating TPs
· Lower CoMP CQI accuracy

	6
	· Accurate single TP CQI (for fallback)

· Higher quantization accuracy (or smaller feedback overhead) due to narrower dynamic range of the relative interference power
· Simple CoMP CQI update at eNB
	· Different CQI definitions between serving and cooperating TPs


Proposal 2: To achieve efficient CoMP operation in Rel-11, we should consider the following to define the CQI definition in Rel-11.
· CQI update accuracy not only for the CoMP transmission schemes, but also for the single-point transmission (assuming fallback operation)
· CSI configuration mechanism under multiple signal/interference measurement mechanisms
· Quantization mechanism and feedback overhead

3. Summary
In this contribution, we investigate a possible CQI definition for Rel-11 CoMP.  
Proposal 1: The following alternatives are considered for the CQI definition in Rel-11.

· Alt. 1: Conventional CQI, which is the same as that in Rels-8/10 both for serving and cooperating TPs
· Alt. 2: CQI considering the interference from outside CoMP cooperating set both for serving and cooperating TPs
· Alt. 3: Conventional CQI for a serving TP and CQI considering the interference from outside serving TP for cooperating TPs
· Alt. 4: Conventional CQI for a serving TP and CQI considering the interference from outside CoMP cooperating set for cooperating TPs
· Alt. 5: Conventional CQI for a serving TP and the relative signal power of cooperating TPs compared to that for a serving TP for cooperating TPs
· Alt. 6: Conventional CQI for a serving TP and the relative received interference power of cooperating TPs compared to that for a serving TP for cooperating TPs
Proposal 2: To achieve efficient CoMP operation in Rel-11, we should consider the following to define the CQI definition in Rel-11.
· CQI update accuracy not only for the CoMP transmission schemes, but also for the single-point transmission (assuming fallback operation)
· CSI configuration mechanism under multiple signal/interference measurement mechanisms
· Quantization mechanism and feedback overhead
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