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1. Introduction

In RAN1#66 meeting CoMP SI has been finished and standardization impact for CoMP schemes was captured in the CoMP TR [1]. One of the possible CoMP enhancements mentioned in the text is a new CQI definition which should take into account coordinated multi-point operation of the network. In this contribution we discuss potential candidates for CoMP CQI and provide preliminary performance results for each proposed CQI option.
2. CQI definition for CoMP systems
In the conventional single cell systems the accurate fast link adaptation at the eNB is problematic due to dynamics of interference inherent to the multi-cell systems employing adaptive beam forming. In CoMP systems the link adaptation accuracy can be improved by utilizing precoding and scheduling information at interfering cooperating nodes. Such accuracy improvement is illustrated in Figure 1, where optimal and actual selected MCS at the eNB are shown at different frames instances for the conventional and CoMP systems. It can be seen that CoMP systems may provide a more accurate fast link adaptation thanks to the scheduling and beam forming information provided by cooperating interfering nodes.
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(a) Single-cell system
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Figure 1. Illustration of link adaptation at the eNB

To estimate the actual achievable CQI due CoMP operation a proper multi-cell CQI feedback is needed. Currently the CoMP TR document specifies the following alternatives for CQI definition:
· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)

Mathematically the alternatives can be formulated in the following options:
· Option 1: 
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· Option 2: 
[image: image4.wmf]N

i

full

i

i

rx

i

i

,...,

1

,

CQI

2

2

=

=

s

v

H

u

,
· Option 3: 
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where 
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 is a channel between i-th cooperating node and UE, 
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 is a receive processing weights, 
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 is reported PMI, 
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 is average interference outside the CoMP measurement set, 
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 is average interference from i-th cooperating node.
In the Option 1, CQI for each cooperating point is calculated assuming the interference outside of CoMP measurement set. In this case a conventional interference measurement scheme using CRS can’t be used and other alternatives should be considered. For example, the approximation of the desired interference power can be obtained from CSI-RS by proper configuring of PDSCH muting on cooperating points, so that interference free transmission of CSI-RS within CoMP measurement set is achieved [2]. To calculate the actual 
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 for the layer (user) i of the serving node j in Option 1 for CSCB and JT CoMP schemes the following equations can be used [3]
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where 
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 is the actual beam forming for layer i of the node j and 
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 is PMI vector to the j-th node.
In the Option 2, CQI is calculated for each point assuming that i-th cooperating point is a serving point. In contrast to Option 1, a total interference power from non serving points is used, thus a conventional interference measurement schemes using CRS can be applied to derive the desired CQIi. It should be noted that the exact equation to calculate the actual CQI in Option 2 is difficult to obtain. However, it can be approximated by similar equations as in Option 1
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where 
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 is a correction coefficient that depends on the ratio of interference power outside CoMP measurement set to the total interference power and can be derived from the long-term measurements.
In the Option 3, the CQI0 for the serving node is the same as conventional CQI of single cell system (i.e. calculated assuming total interference from all nodes), but CQIi, i = 2,…,N assumes perfect interference suppression from the i-th cooperating point. Similar to Option 1 a conventional interference measurements schemes based on CRS can’t be used to derive the CQIi , i = 2,…,N and other alternatives for interference measurements should be identified. Also with Option 3 it is difficult to derive the exact equation for the actual 
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. One possible approach used in simulations, is to recalculate CQI’s to CQI’s of Option 1 using equation 
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3. Performance evaluation

In this section a system level performance analysis for three considered CQI options is provided for CS/CB and JT CoMP schemes. Scenario 3 and 4 with full buffer traffic model was used in the evaluations (other simulation parameters are listed in the Appendix of this contribution). The results of CQI evaluations are provided in Table 1 and 2.
Table 1: CSCB performance evaluation for different CQI options
	Scenario
	UE Dropping
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE

	
	
	Option 1
	Option 2
	Option 3

	SU-MIMO
	Uniform
	1.84 (0%)
	0.041 (0%)
	1.84 (0%)
	0.041 (0%)
	1.84 (0%)
	0.041 (0%)

	SU-CSCB 05
	Uniform
	1.91 (3.6%)
	0.046 (10.8%)
	1.92 (4.0%)
	0.047 (13.4%)
	1.88 (2.3%)
	0.043 (3.5%)

	SU-CSCB 15
	Uniform
	1.94 (5.5%)
	0.054 (29.8%)
	1.95 (5.8%)
	0.053 (28.5%)
	1.88 (2.3%)
	0.037 (-11.5%)

	SU-MIMO
	Clustered
	2.03 (0%)
	0.079 (0%)
	2.03 (0%)
	0.079 (0%)
	2.03 (0%)
	0.079 (0%)

	SU-CSCB 05
	Clustered
	2.13 (5.0%)
	0.085 (6.7%)
	2.15 (5.7%)
	0.086 (8.0%)
	2.09 (2.7%)
	0.079 (-0.1%)

	SU-CSCB 15
	Clustered
	2.15 (5.9%)
	0.091 (14.8%)
	2.17 (6.9%)
	0.098 (23.5%)
	2.08 (2.6%)
	0.066 (-16.2%)

	SU/MU-MIMO
	Uniform
	2.06 (0%)
	0.048 (0%)
	2.06 (0%)
	0.048 (0%)
	2.06 (0%)
	0.048 (0%)

	SU/MU-CSCB 05
	Uniform
	2.09 (1.3%)
	0.048 (0.0%)
	2.09 (1.3%)
	0.050 (3.7%)
	2.07 (0.6%)
	0.046 (-4.0%)

	SU/MU-CSCB 15
	Uniform
	2.12 (3.2%)
	0.055 (14.3%)
	2.12 (2.8%)
	0.056 (17.9%)
	2.06 (-0.1%)
	0.040 (-16.2%)

	SU/MU-MIMO
	Clustered
	2.33 (0%)
	0.082 (0%)
	2.33 (0%)
	0.082 (0%)
	2.33 (0%)
	0.082 (0%)

	SU/MU-CSCB 05
	Clustered
	2.34 (0.7%)
	0.088 (7.3%)
	2.34 (0.8%)
	0.089 (9.5%)
	2.30 (-1.1%)
	0.081 (-0.6%)

	SU/MU-CSCB 15
	Clustered
	2.37 (1.9%)
	0.097 (19.2%)
	2.37 (1.9%)
	0.104 (27.2%)
	2.30 (-1.2%)
	0.069 (-15.7%)


Table 2: JT performance evaluation for different CQI options
	Scenario
	UE Dropping
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE

	
	
	Option 1
	Option 2
	Option 3

	SU/MU-MIMO
	Uniform
	2.06 (0.0%)
	0.048 (0.0%)
	2.06 (0.0%)
	0.048 (0.0%)
	2.06 (0.0%)
	0.048 (0.0%)

	SU/MU-JT 05
	Uniform
	2.15 (4.4%)
	0.053 (10.0%)
	2.17 (5.5%)
	0.051 (6.0%)
	2.07 (0.4%)
	0.045 (-6.0%)

	SU/MU-JT 15
	Uniform
	2.14 (4.0%)
	0.060 (26.0%)
	2.18 (5.9%)
	0.060 (24.0%)
	2.00 (-2.8%)
	0.030 (-38.0%)

	SU/MU-MIMO
	Clustered
	2.33 (0.0%)
	0.082 (0.0%)
	2.33 (0.0%)
	0.082 (0.0%)
	2.33 (0.0%)
	0.082 (0.0%)

	SU/MU-JT 05
	Clustered
	2.51 (7.9%)
	0.102 (24.7%)
	2.55 (9.3%)
	0.105 (28.4%)
	2.46 (5.6%)
	0.081 (-1.2%)

	SU/MU-JT 15
	Clustered
	2.52 (8.1%)
	0.112 (37.0%)
	2.54 (9.1%)
	0.119 (45.7%)
	2.43 (4.4%)
	0.060 (-27.2%)


Based on the evaluation results following observation can be made:

Observations:

· In case of CS/CB and JT CoMP

· Option 3  has performance loss for cell edge user spectral efficiency comparing to the baseline system
· Option 1 and Option 2 has performance gains for cell edge user spectral efficiency comparing to the baseline system
· Option 1 and Option 2 shows similar performance for cell edge user spectral efficiency
Based on the observation the following proposal can be made:
Proposal #1: Consider Option 1 and Option 2 as main candidates for CS/CB and JT CoMP CQI definition in Release-11.
Another aspect of CSI calculation in Option 1 and Option 2 is the assumption on the receive processing 
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 for each cooperating points. Two alternatives can be considered:

· Independent receive processing – receive processing is optimized for each point in CoMP measurement set (i.e. 
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 are different)

· Same receive processing – receive processing is optimized for the serving point of CoMP measurement set (i.e. 
[image: image25.wmf]rx

rx

i

u

u

=

 are the same)

The performance results for two alternatives are provided in Table 3. It can be seen CS/CB CoMP performance can be improved when CQI is calculated under assumption of the same receive processing. 

Table 3: CSCB performance evaluation for different CQI options
	Scenario
	UE Dropping
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE

	
	
	Independent RX processing
	Same RX processing

	SU-MIMO
	Uniform
	1.84 (0%)
	0.041 (0%)
	1.84 (0%)
	0.041 (0%)

	SU-CSCB 05
	Uniform
	1.90 (3.2%)
	0.047 (13.5%)
	1.91 (3.6%)
	0.046 (10.8%)

	SU-CSCB 15
	Uniform
	1.92 (4.5%)
	0.052 (25.8%)
	1.94 (5.5%)
	0.054 (29.8%)

	SU-MIMO
	Clustered
	2.03 (0%)
	0.079 (0%)
	2.03 (0%)
	0.079 (0%)

	SU-CSCB 05
	Clustered
	2.11 (4.0%)
	0.084 (5.5%)
	2.13 (5.0%)
	0.085 (6.7%)

	SU-CSCB 15
	Clustered
	2.13 (4.9%)
	0.090 (14.2%)
	2.15 (5.9%)
	0.091 (14.8%)


Proposal #2: For Option 1 and Option 2 consider CSI calculation under assumption of the same receive processing.
4. Conclusions

In this contribution, possible CQI definitions for CS/SB and JT CoMP are discussed and preliminary simulation results are provided. Based on the evaluation results we propose to consider Option 1 and Option 2 as a main candidate for CoMP CQI definition. Additionally the option of calculating multi-point CSI feedback using the same receive processing should be considered.
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Appendix

	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	(2, 4)

	Maximum number of  feedback set
Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: co-polarized antennas
UE: co-polarized antennas 

	Transmission scheme
	SU-MIMO, MU-MIMO

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

2 for SU-MIMO

	Maximum number of UEs in MU-MIMO per node
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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