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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 the CQI definition for Rel-11 CoMP. And preliminary evaluation results of different CQI definitions are obtained via system level simulation.
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. Alt. 7 assumes multiple CQIs with different interference hypothesis for both serving and cooperating TPs [6]. Alt. 7’ assumes the feedback of conventional CQI with other selected CQI and the corresponding selected TP index.
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

	Multiple CQIs per TP
	Alt. 7
	Multiple CQIs with different interference hypothesis
	Multiple CQIs with different interference hypothesis

	
	Alt. 7’
	Conventional CQI from serving TP

+ strongest CQI assuming one TP muting and the selected TP index

+ strongest CQI assuming two TP muting and the selected TP index


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 a serving TP compared to that for a cooperating TP for cooperating TPs
· Alt. 7: Multiple CQIs with different interference hypothesis for serving TP and for cooperating TPs 
· Alt. 7’: Conventional CQI for the serving TP, and the strongest CQI assuming one/two TP muting and corresponding selected TP index
3. 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. 
3.1
CQI Update Schemes for two-point CoMP

Table II gives an example of a CQI formula for each alternative described in Section 2 assuming the CoMP measurement set size of two. 
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Table II – Example of CQI Formula for Each CQI Definition for Two-Point CoMP

	TP
	Serving TP
	Cooperating TPs

	
	CQI1
	CQI2

	Individual per-TP CQI
	Alt. 1
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	Alt. 2
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	Alt. 3
	
[image: image13.wmf]1

2

out

S

INS

++


	
[image: image14.wmf]2

2

out

S

INS

++



	
	Alt. 4
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	CQI with relative/differential information
	Alt. 5
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	Alt. 6
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	Multiple CQIs per TP
	Alt. 7
	2 CQIs
	2 CQIs

	
	Alt. 7’
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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 for Two-Point CoMP

	Alt.
	Single TP
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	No update
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	No update
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	7
	No update
	No update
	No update
	Need update if no aggregated CQI feedback

	7’
	No update
	No update
	No update
	Need update if no aggregated CQI feedback


*Red arrow indicates the TP with PDSCH transmission, and a yellow (white) TP indicates a non-muted (muted) TP.
3.2
CQI Update Schemes for Three-Point CoMP

Table IV gives an example of a CQI formula for each alternative described in Section 2 assuming the CoMP measurement set size of three. Each variable has the same meaning as that in Table III.
Table IV – Example of CQI Formula for Each CQI Definition for Three-Point CoMP
	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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	Multiple CQIs per TP
	Alt. 7
	4 CQIs
	4 CQIs
	4 CQIs

	
	Alt. 7’
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Based on the CQI formula in Table IV for three-point CoMP, Table V shows some examples of CQI update schemes for each alternative.
Table V – Example of CQI Update Schemes at eNode B for Each CQI Definition for Three-Point CoMP
	Alt.
	Single TP

[image: image72.emf]1

2 3


	CS, DPS/DPB 
from serving TP

[image: image73.emf]1

2 3


	DPS/DPB from 
coordinated TP

[image: image74.emf]1

2 3


	JT

[image: image75.emf]1

2 3



	1
	No update
	
[image: image76.wmf]12

12

(1)

1

CQICQI

CQICQI

´+

-´


	
[image: image77.wmf]213

122313123

(1)(1)

12

CQICQICQI

CQICQICQICQICQICQICQICQICQI

++

----


	
[image: image78.wmf]2

1221

12

((1)(1))

1

CQICQICQICQI

CQICQI

+++

-



	2
	
[image: image79.wmf]1

23

1

CQI

CQICQI

++


	
[image: image80.wmf]1

3

1

CQI

CQI

+


	No update
	
[image: image81.wmf]2

12

3

()

1

CQICQI

CQI

+

+



	3
	No update
	
[image: image82.wmf]1

2

1

CQI

CQI

-


	
[image: image83.wmf]2

23

1

CQI

CQICQI

--


	
[image: image84.wmf]2

12

2

()

1

CQICQI

CQI

+

-



	4
	No update
	
[image: image85.wmf]123

3

(1)

1

CQICQICQI

CQI

´++

+


	No update
	
[image: image86.wmf]2

1232

3

((1))

1

CQICQICQICQI

CQI

+++

+



	5
	No update
	
[image: image87.wmf]1

12

1

CQI

CQIS

-´D


	
[image: image88.wmf]12

1213

1

CQIS

CQISCQIS

´D

-´D-´D


	
[image: image89.wmf]2

11

1

2

2

()

1

CQICQI

CQI

S

S

+

-

´D

´D



	6
	No update
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	7
	No update
	No update
	No update
	Need update if no aggregated CQI feedback

	7’
	No update
	No update
	No update
	Need update if no aggregated CQI feedback


*Red arrow indicates the TP with PDSCH transmission, and a yellow (white) TP indicates a non-muted (muted) TP.
3.3
Pros and Cons for Each CQI Definition

As we can see from Tables III and V, 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 [7]. In Alt. 6, higher quantization accuracy (or smaller feedback overhead) due to a narrower dynamic range of the relative interference power might be achieved. In Alt. 7, the feedback overhead is large. In Alt. 7’, additional content related to the selected TP index must be fed back and the eNode B should follow the selected TP index recommended by the UE. Table VI summarizes our current investigation results regarding the Pros and Cons for each CQI definition. 

Table VI – 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

	7
	· Accurate single TP and CoMP CQI
	· Large feedback overhead

	7’
	· Accurate single TP and CoMP CQI
	· Additional feedback content of selected index.

· eNode B should follow the selected TP index recommended by UE


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

4. System Level Performance Evaluation 

The detailed simulation parameters used in the evaluation are given in the appendix A. Basic assumptions are aligned with common assumptions in [8]. In our simulation, Scenario 2 is assumed, and the size of the CoMP coordination set is 9 transmission points. For simplicity, we assume CoMP users with rank 1 restriction. The performance of SU-MIMO is regarded as the baseline. For Alts. 1, 2, 3, and 7’ the precoding is assumed for the signal part and no precoding is assumed for the interference part. For Alts. 5 and 6, the serving CQI is assumed with precoding for the signal part but without precoding for the interference part, the signal or interference for differentiated CQIs are assumed to have no precoding.
4.1
System Throughput Evaluation Results

Tables VII and VIII illustrate the system throughput performance evaluation results Alts. 1, 2, 3, 5, 6, and 7’ compared to 2x2 SU-MIMO for full buffer traffic models assuming the CoMP measurement set sizes of 2 and 3, respectively.
We obtained from the evaluation results, the following, 
· Alts. 2, 6, and 7’ achieve large CoMP gains compared to that for single-point transmission. 
Table VII – Simulation Results with 2x2 Antenna Configuration (CoMP Measurement Set Size: 2)
	Transmission Scheme
	Average Cell 
	5% Cell Edge User 

	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps)
	Gain (%)

	SU-MIMO
	20.0
	0
	0.342
	0

	CS/DPB with SU-MIMO
	Alt. 1
	19.2
	-4.0
	0.358
	4.7

	
	Alt. 2
	20.0
	0
	0.378
	10.5

	
	Alt. 3
	18.4
	-8.0
	0.350
	2.3

	
	Alt. 5
	18.4
	-8.0
	0.298
	-12.9

	
	Alt. 6
	20.0
	0
	0.378
	10.5

	
	Alt. 7’
	20.0
	0
	0.387
	13.2

	DPS/DPB with SU-MIMO
	Alt. 1
	19.4
	-3.0
	0.366
	7.0

	
	Alt. 2
	20.1
	0.5
	0.416
	21.6

	
	Alt. 3
	19.2
	-4.0
	0.383
	12.0

	
	Alt. 5
	19.4
	-3.0
	0.355
	3.8

	
	Alt. 6
	20.0
	0
	0.394
	15.2

	
	Alt. 7’
	20.1
	0.5
	0.417
	21.9


Table VIII – Simulation Results with 2x2 Antenna Configuration (CoMP Measurement Set Size: 3)
	Transmission Scheme
	Average Cell 
	5% Cell Edge User 

	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps)
	Gain (%)

	SU-MIMO
	20.0
	0
	0.342
	0

	CS/DPB with SU-MIMO
	Alt. 1
	18.9
	-5.5
	0.375
	9.6

	
	Alt. 2
	20.0
	0
	0.416
	21.6

	
	Alt. 3
	18.2
	-9.0
	0.360
	5.3

	
	Alt. 5
	17.7
	-11.5
	0.298
	-12.9

	
	Alt. 6
	20.0
	0
	0.418
	22.2

	
	Alt. 7’
	20.0
	0
	0.419
	22.5

	DPS/DPB with SU-MIMO
	Alt. 1
	19.2
	-4.0
	0.394
	15.2

	
	Alt. 2
	20.1
	0.5
	0.454
	32.7

	
	Alt. 3
	19.0
	-5.0
	0.401
	17.3

	
	Alt. 5
	18.6
	-7.0
	0.351
	2.6

	
	Alt. 6
	20.0
	0
	0.421
	23.1

	
	Alt. 7’
	20.1
	0.5
	0.455
	33.0


4.2
CQI Range Analysis
Fig. 1 (a) and Fig. 1 (b) give the CQI range for Alt.2 and Alt. 6 assuming 3-point CoMP in HomNet and HetNet, respectively. Considering the narrow CQI range for Alt. 6 compared to that for Alt. 2, more accurate CQI (smaller CQI overhead) is achieved for Alt. 6. In Alt. 6, the CQI range and CQI distribution in HomNet and HetNet are similar. In Alt. 2, there are more CQI outside the range in HetNet than that in HomNet. The CQI update accuracy may be reduced due to the feedback of out-of-range CQIs in Alt. 2. 
	[image: image93.emf]-30 -20 -10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CQI (dB)

 

 

Alt.2 - CQI1 (serving TP)

Alt.2 - CQI2 (cooperating TP)

Alt.2 - CQI3 (cooperating TP)

Alt.6 - CQI1 (serving TP)

Alt.6 - CQI2 (cooperating TP)

Alt.6 - CQI3 (cooperating TP)


(a) Homogeneous Network
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(b) Heterogeneous Network


Fig. 1 – CQI Range for 3-point CoMP with 2x2 Antenna Configuration

Considering the investigation results in Sections 3 and 4, we prefer Alt. 6 as the CoMP CQI definition in Rel-11. Alt. 6 can achieve accurate CQI updates for both single-point and CoMP transmissions, and higher CQI quantization accuracy (or smaller feedback overhead) due to narrower dynamic range of the relative interference power. 
Observation 1: We prefer Alt. 6 as the CoMP CQI definition in Rel-11 considering the accurate CQI updates for both single-point and CoMP transmissions, and higher CQI quantization accuracy (or smaller feedback overhead) due to a narrower dynamic range of the relative interference power
5. Summary
In this contribution, we investigated 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
· Alt. 7: Multiple CQIs with different interference hypothesis for serving TP and for cooperating TPs 
· Alt. 7’: Conventional CQI for the serving TP, and the strongest CQI assuming one/two TP muting and corresponding selected TP index
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

Observation 1: We prefer Alt. 6 as the CoMP CQI definition in Rel-11 considering the accurate CQI updates for both single-point and CoMP transmissions, and higher CQI quantization accuracy (or smaller feedback overhead) due to narrower dynamic range of the relative interference power
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Appendix A – Simulation Parameters
Table A.I – Simulation Assumptions
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites,
3 sectors per cell-site

	Inter-site distance (ISD)
	500 m

	Antenna pattern at eNodeB 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNodeB/ RRH
	46 dBm

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)
64QAM (R = 3/5 - 4/5)

	Channel model
	SCM-UMa with high angular spread, 3 km/h

	Antenna configuration 
	Cross-polarized antenna
eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)

UE: 0.5 wavelengths, 2 Rx:  X (+45/-45)

	Rank adaptation
	Rank adaptation, and up to 2 for non-CoMP UEs
Rank restriction, and rank 1 for CoMP UEs

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	CSI feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme 
	CS/DPB with SU-MIMO,  DPS/DPB with SU-MIMO

	Number of CoMP coordination sets
	9 transmission points

	Maximum number of coordination points for CoMP transmission
	2 / 3 transmission points

	Handover hysteresis
	3 dB

	Number of UEs per cell
	10

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal as in [9] without a priori PDP information

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)
DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS (2 RE/RB per 10 ms for 2 antenna ports)

CSI-RS with muting for JP CoMP (18 RE/RB per 10 ms for 2 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

	Modeling of interference outside area
	Realistic interference assuming precoding and scheduling in other points

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No
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