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1. Introduction

At the RAN WG1 #68bis meeting, size of the CoMP measurement set was discussed and the following points were agreed. 
•The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69. 

(independent of discussion on IMRs)
In this contribution, we investigate the system throughput performance for different CoMP measurement set sizes, and present our view regarding the size of the CoMP measurement set for Rel.-11 CoMP.

2. System Throughput Performance Evaluations of Different CoMP Measurement Set Sizes

2.1
Simulation Assumption
We evaluate the system throughput performance in Scenario 2 for different CoMP measurement set sizes. The CoMP coordinating set size of nine transmission points (TPs) is assumed, and CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on comparison of the downlink average received power from multiple TPs. More specifically, if the difference between the signal power from the serving TP and that from other TPs within the CoMP coordinating set is lower than a given threshold (10 dB), the UE is determined to be a cell-edge UE. Each cell-edge UE selects the UE-specific coordinated TPs within the CoMP coordination set. We assume that the cell-edge UEs employ feedback of both CoMP and non-CoMP, while the other UEs employ non-CoMP feedback only. As for CoMP schemes, we assume joint transmission (JT) CoMP, dynamic point selection with dynamic point blanking (DPS/DPB), and coordinating scheduling with dynamic point blanking (CS/DPB). CoMP feedback in the case of JT, DPS, and CS includes the following. More detailed simulation assumptions are listed in the Appendix (Table A.I).

· JT-CoMP
· Per-CSI-RS-resource PMI using the Rel. 8 codebook 
· Aggregated CQI (assuming JT-CoMP) across multiple CSI-RS resources
· Serving CSI-RS-resource CQI
· DPS/DPB
· Index of selected point with the highest instantaneous SINR
· PMI of the selected CSI-RS resource
· CQI of the selected CSI-RS resources with the interference out of CoMP transmission points
· Serving CSI-RS resource PMI and CQI
· CS/DPB
· Serving CSI-RS-resource PMI and CQI
· CQI of the serving CSI-RS-resources with the interference out of CoMP transmission points 
TPs within the same CoMP cooperating set are jointly scheduled, and each CoMP cooperating set is scheduled independently. More specifically, in each CoMP cooperating set, CoMP and non-CoMP transmission switching is allowed for cell-edge UEs, and exhaustive search is utilized to schedule the UE group and the corresponding transmission modes (2-point CoMP, 3-point CoMP, or non-CoMP) to provide the highest total (weighted) estimated throughput.
2.2
Simulation Results
Tables I and II show the system throughput performance evaluation results for 2x2 antenna configurations with full buffer and non-full buffer traffic models, respectively. We assume that the CoMP measurement set size is two or three. Based on these results, we obtain a better system throughput performance gain for the CoMP measurement set size of 3 TPs compared to 2 TPs (approximately 10% cell-edge UE throughput performance gain with the full buffer traffic model, and 25 – 30% cell-edge UE throughput performance gain with a high load of the non-full buffer traffic model) in Scenario 2. The detailed UE ratio of non-CoMP UE, 2-TP CoMP UE, and 3-TP CoMP UE are shown in appendix A.1.
Table I – Full Buffer Simulation Results with 2x2 Antenna Configuration
	Transmission Scheme
	CoMP Measurement Size
	Average Cell 
	5% Cell Edge User 

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

	Single point

transmission with SU-MIMO
	1 TP
	20.0
	0.0
	0.342
	0.0

	JT SU-MIMO with aggregated CQI feedback 
	2 TPs
	19.6
	-2.0
	0.425
	24.3

	
	3 TPs
	19.6
	-2.0
	0.443
	29.5

	DPS/DPB with SU-MIMO
	2 TPs
	20.1
	0.5
	0.417
	21.9

	
	3 TPs
	20.2
	1.0
	0.452
	32.2

	CS/DPB with 

SU-MIMO
	2 TPs
	20.0
	0.0
	0.379
	10.8

	
	3 TPs
	20.1
	0.5
	0.420
	22.8


Table II – Non-full Buffer Simulation Results with 2x2 Antenna Configuration (FTP Traffic model 1)
	Load λ 
(UE/s)
	Transmission Scheme
	Served Cell Throughput (Mbps)
	5% User Throughput
	Average User Throughput 
	Resource Utilization (RU)

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

	0.5
	Single point transmission with SU-MIMO
	1 TP
	6.1
	3.57
	0.0
	18.68
	0.0
	0.448 

	
	JT SU-MIMO with aggregated CQI feedback
	2 TPs
	6.1
	4.18
	17.1
	18.71
	0.2
	0.435

	
	
	3 TPs
	6.1
	4.21
	17.9
	18.69
	0.1
	0.435

	
	DPS/DPB with SU-MIMO
	2 TPs
	6.1
	4.35
	21.8
	19.43
	4.0
	0.393

	
	
	3 TPs
	6.1
	4.36
	22.1
	19.39
	3.8
	0.387

	
	CS/DPB with SU-MIMO
	2 TPs
	6.1 
	4.14
	16.0
	19.14
	2.5
	0.399

	
	
	3 TPs
	6.1
	4.14
	16.0
	19.11
	2.3
	0.393

	0.7
	Single point transmission with SU-MIMO
	1 TP
	8.3 
	0.76 
	0.0
	7.49
	0.0
	0.828 

	
	JT SU-MIMO with aggregated CQI feedback
	2 TPs
	8.4 
	1.26 
	65.8
	7.63 
	1.9
	0.820 

	
	
	3 TPs
	8.4 
	1.44 
	89.5
	7.63 
	1.9
	0.821 

	
	DPS/DPB with SU-MIMO
	2 TPs
	8.4 
	1.35 
	77.6
	8.44
	12.7
	0.715 

	
	
	3 TPs
	8.4 
	1.59 
	109.2
	8.67
	15.8
	0.691 

	
	CS/DPB with SU-MIMO
	2 TPs
	8.4 
	1.18 
	55.3
	7.98
	6.5
	0.729 

	
	
	3 TPs
	8.4 
	1.38 
	81.6
	8.24
	10.0
	0.701 


We know that a larger CoMP measurement size might incur additional complexity in regard to the specifications and implementation associated with CSI feedback measurement and reporting. However, a larger CoMP measurement set size also yields more flexibility for CoMP operation including future proofing especially for a dense network deployment. Therefore, we prefer CoMP measurement set sizes of greater than two considering the CoMP performance gain and flexible operation.

Observation:
· We obtain a better system throughput performance gain for the CoMP measurement set size of 3 TPs compared to 2 TPs (approximately 10% cell-edge UE throughput performance gain with the full buffer traffic model, and 25 – 30% cell-edge UE throughput performance gain with a high load of the non-full buffer traffic model) in Scenario 2.
· The optimum CoMP measurement size in Rel-11 should be decided considering not only the specification and implementation complexity levels, but also the system performance gain and operation flexibility.
Proposal:

· Support CoMP measurement set sizes of greater than two
3. Conclusion

In this contribution, we investigated the system throughput performance for different CoMP measurement set sizes, and presented our views on the size of the CoMP measurement set for Rel. 11 CoMP. Based on the evaluation results, the following observations and proposal are derived.

Observation:
· We obtain a better system throughput performance gain for the CoMP measurement set size of 3 TPs compared to 2 TPs (approximately 10% cell-edge UE throughput performance gain with the full buffer traffic model, and 25 – 30% cell-edge UE throughput performance gain with a high load of the non-full buffer traffic model) in Scenario 2.
· The optimum CoMP measurement size in Rel-11 should be decided considering not only the specification and implementation complexity levels, but also the system performance gain and operation flexibility.
Proposal:

· Support CoMP measurement set sizes of greater than two
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Annex

Table A.I – Simulation Assumptions

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)

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

	Channel model
	SCM-UMa with high angular spread

	Traffic model
	Full buffer / Non-full buffer (FTP traffic model 1)

	UE moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	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)

	CQI/PMI feedback interval
	10 TTIs

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

	CoMP scheme 
	JT, DPS, and CS

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal 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 (2/4 REs per RB per 10 ms for 2/4 antenna ports)
CSI-RS with muting for CoMP (18/36 REs per RB per 10 ms for 2/4 antenna ports in scenario 2, 14/28 REs per RB per 10 ms for 2/4 antenna ports in scenario 3)

	Threshold for cell-edge UE decision
	10 dB

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

	Handover hysteresis
	3 dB

	Coordinating cluster size
	9 TPs

	Maximum number of CoMP measurement set sizes
	2 and 3

	Number of UEs per macrocell coverage area
	10

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No


A.1 Percentage of CoMP UEs in Scenario 2

Figure A.1 shows the evaluation results of percentage of CoMP UEs in scenario 2. In this evaluation, if the difference between the downlink average received power from serving TP and coordinated TPs is lower than a given threshold (X dB), the coordinated TPs will be included into CoMP measurement set of the UE. Here TPs in CoMP measurement set could only be selected from TPs within the CoMP coordination set (e.g. 9-TP coordination set in scenario 2). And Non-CoMP UE, 2-TP CoMP UE and 3-TP CoMP UE means that the CoMP measurement set size of the UE is equal to one, two and larger than two, respectively.           
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(a) X = 3dB                                       (b) X = 6dB                                      (c) X = 10dB

Figure A.1 – Percentage of CoMP UEs in Scenario 2
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