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1. Introduction

The joint processing (JP) and coordinated scheduling and beamforming (CSCB) CoMP schemes were analyzed for full buffer traffic model in contribution [1]. In this document the system level performance analysis of the CoMP schemes is provided for non full buffer traffic model without RSRP biasing. In accordance to CoMP evaluation methodology [2] FTP traffic model with 2 Mbytes file size was used. The other simulation parameters are the same as for full buffer traffic model evaluations, which are described in the document [1].
2. Simulation results
The summary of CoMP evaluation for FTP traffic model is shown in the tables below. One loading factor corresponding to UE arrival rate λ of 1.5 sec-1 was used. For a given traffic model parameter the average resource utilization (RU) of 14-38% was achieved.
Table 1: CSCB CoMP in X→+ antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	0.98 (0.0%)
	0.35 (0.0%)
	0.48 (0.0%)
	0.082 (0.0%)
	0.323 (0.0%)
	0.134 (0.0%)

	SU-CSCB 05
	Uniform
	1.01 (3.3%)
	0.35 (-2.4%)
	0.48 (-0.1%)
	0.089 (8.0%)
	0.330 (2.0%)
	0.134 (0.5%)

	SU-CSCB 15
	Uniform
	1.04 (6.1%)
	0.35 (-2.6%)
	0.48 (1.0%)
	0.136 (65.7%)
	0.367 (13.5%)
	0.193 (44.2%)

	SU-MIMO
	Clustered 
	0.73 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.348 (0.0%)
	0.634 (0.0%)
	0.489 (0.0%)

	SU-CSCB 05
	Clustered
	0.71 (-2.0%)
	0.45 (1.0%)
	0.50 (0.1%)
	0.358 (3.0%)
	0.693 (9.4%)
	0.519 (6.3%)

	SU-CSCB 15
	Clustered
	0.73 (0.2%)
	0.45 (0.2%)
	0.50 (0.2%)
	0.399 (14.7%)
	0.717 (13.2%)
	0.566 (15.8%)

	SU/MU-MIMO
	Uniform
	1.03 (0.0%)
	0.35 (0.0%)
	0.48 (0.0%)
	0.115 (0.0%)
	0.362 (0.0%)
	0.171 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.03 (0.2%)
	0.35 (0.6%)
	0.48 (0.4%)
	0.129 (12.5%)
	0.402 (11.1%)
	0.182 (6.6%)

	SU/MU-CSCB 15
	Uniform
	1.06 (2.9%)
	0.34 (-0.4%)
	0.49 (1.0%)
	0.182 (58.8%)
	0.454 (25.4%)
	0.261 (52.9%)

	SU/MU-MIMO
	Clustered 
	0.73 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.346 (0.0%)
	0.589 (0.0%)
	0.484 (0.0%)

	SU/MU-CSCB 05
	Clustered
	0.74 (1.5%)
	0.44 (-0.5%)
	0.50 (0.0%)
	0.402 (16.3%)
	0.716 (21.6%)
	0.557 (15.1%)

	SU/MU-CSCB 15
	Clustered
	0.74 (1.4%)
	0.45 (-0.3%)
	0.50 (0.2%)
	0.467 (35.0%)
	0.738 (25.3%)
	0.601 (24.0%)


Table 2: JP CoMP in X→+ antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.03 (0.0%)
	0.35 (0.0%)
	0.48 (0.0%)
	0.115 (0.0%)
	0.362 (0.0%)
	0.171 (0.0%)

	SU/MU-JP 05
	Uniform
	0.99 (-4.0%)
	0.34 (-1.4%)
	0.47 (-2.5%)
	0.162 (41.4%)
	0.439 (21.1%)
	0.206 (20.6%)

	SU/MU- JP 15
	Uniform
	0.99 (-3.5%)
	0.34 (-1.7%)
	0.47 (-2.5%)
	0.231 (101.0%)
	0.463 (27.9%)
	0.264 (54.4%)

	SU/MU-MIMO
	Clustered 
	0.73 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.346 (0.0%)
	0.589 (0.0%)
	0.484 (0.0%)

	SU/MU- JP 05
	Clustered
	0.72 (-0.1%)
	0.43 (-4.2%)
	0.49 (-3.0%)
	0.364 (5.5%)
	0.689 (17.0%)
	0.568 (17.2%)

	SU/MU- JP 15
	Clustered
	0.70 (-3.3%)
	0.43 (-3.8%)
	0.48 (-3.6%)
	0.465 (34.5%)
	0.667 (13.2%)
	0.563 (16.3%)


Table 3: CSCB CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.04 (0.0%)
	0.35 (0.0%)
	0.49 (0.0%)
	0.167 (0.0%)
	0.537 (0.0%)
	0.238 (0.0%)

	SU-CSCB 05
	Uniform
	1.06 (1.7%)
	0.34 (-1.6%)
	0.49 (-0.2%)
	0.161 (-3.8%)
	0.557 (3.8%)
	0.229 (-3.6%)

	SU-CSCB 15
	Uniform
	1.07 (2.9%)
	0.34 (-1.8%)
	0.49 (0.2%)
	0.195 (16.4%)
	0.593 (10.3%)
	0.270 (13.5%)

	SU-MIMO
	Clustered 
	0.74 (0.0%)
	0.44 (0.0%)
	0.50 (0.0%)
	0.454 (0.0%)
	0.783 (0.0%)
	0.617 (0.0%)

	SU-CSCB 05
	Clustered
	0.73 (-1.0%)
	0.45 (0.6%)
	0.50 (0.2%)
	0.438 (-3.6%)
	0.801 (2.4%)
	0.642 (4.0%)

	SU-CSCB 15
	Clustered
	0.74 (-0.1%)
	0.44 (0.3%)
	0.50 (0.2%)
	0.504 (11.0%)
	0.816 (4.3%)
	0.658 (6.7%)

	SU/MU-MIMO
	Uniform
	1.05 (0.0%)
	0.35 (0.0%)
	0.49 (0.0%)
	0.172 (0.0%)
	0.543 (0.0%)
	0.241 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.05 (-0.6%)
	0.35 (0.4%)
	0.49 (0.0%)
	0.152 (-11.6%)
	0.546 (0.6%)
	0.219 (-9.3%)

	SU/MU-CSCB 15
	Uniform
	1.07 (1.0%)
	0.35 (-0.1%)
	0.49 (0.4%)
	0.213 (24.2%)
	0.581 (7.1%)
	0.293 (21.7%)

	SU/MU-MIMO
	Clustered 
	0.74 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.462 (0.0%)
	0.749 (0.0%)
	0.601 (0.0%)

	SU/MU-CSCB 05
	Clustered
	0.72 (-2.4%)
	0.45 (1.1%)
	0.50 (0.1%)
	0.456 (-1.3%)
	0.800 (6.8%)
	0.620 (3.2%)

	SU/MU-CSCB 15
	Clustered
	0.72 (-2.4%)
	0.45 (1.0%)
	0.50 (0.0%)
	0.495 (7.0%)
	0.785 (4.8%)
	0.651 (8.4%)


Table 4: JP CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.05 (0.0%)
	0.35 (0.0%)
	0.49 (0.0%)
	0.172 (0.0%)
	0.543 (0.0%)
	0.241 (0.0%)

	SU/MU-JP 05
	Uniform
	1.03 (-2.0%)
	0.34 (-1.4%)
	0.48 (-1.7%)
	0.195 (13.6%)
	0.588 (8.4%)
	0.275 (14.4%)

	SU/MU- JP 15
	Uniform
	1.03 (-2.0%)
	0.34 (-2.0%)
	0.48 (-2.1%)
	0.243 (41.5%)
	0.633 (16.6%)
	0.339 (40.7%)

	SU/MU-MIMO
	Clustered 
	0.74 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.462 (0.0%)
	0.749 (0.0%)
	0.601 (0.0%)

	SU/MU- JP 05
	Clustered
	0.71 (-3.5%)
	0.44 (-1.8%)
	0.49 (-2.2%)
	0.477 (3.1%)
	0.793 (5.9%)
	0.648 (7.8%)

	SU/MU- JP 15
	Clustered
	0.70 (-4.8%)
	0.44 (-1.6%)
	0.49 (-2.6%)
	0.514 (11.1%)
	0.779 (4.0%)
	0.671 (11.6%)


Table 5: CSCB CoMP in XX→+ antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.08 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.267 (0.0%)
	0.654 (0.0%)
	0.377 (0.0%)

	SU-CSCB 05
	Uniform
	1.09 (1.2%)
	0.34 (-0.8%)
	0.49 (0.0%)
	0.245 (-8.1%)
	0.674 (2.9%)
	0.356 (-5.6%)

	SU-CSCB 15
	Uniform
	1.11 (2.6%)
	0.34 (-1.4%)
	0.49 (0.3%)
	0.307 (15.1%)
	0.698 (6.8%)
	0.428 (13.4%)

	SU-MIMO
	Clustered 
	0.75 (0.0%)
	0.44 (0.0%)
	0.51 (0.0%)
	0.675 (0.0%)
	1.103 (0.0%)
	0.920 (0.0%)

	SU-CSCB 05
	Clustered
	0.74 (-1.5%)
	0.45 (0.9%)
	0.51 (0.1%)
	0.665 (-1.5%)
	1.193 (8.1%)
	0.976 (6.1%)

	SU-CSCB 15
	Clustered
	0.75 (-0.8%)
	0.45 (0.6%)
	0.51 (0.2%)
	0.739 (9.5%)
	1.209 (9.6%)
	1.016 (10.4%)

	SU/MU-MIMO
	Uniform
	1.07 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.209 (0.0%)
	0.545 (0.0%)
	0.286 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.10 (3.1%)
	0.34 (-1.5%)
	0.49 (0.5%)
	0.240 (14.9%)
	0.652 (19.6%)
	0.337 (17.7%)

	SU/MU-CSCB 15
	Uniform
	1.11 (3.8%)
	0.34 (-1.3%)
	0.49 (0.9%)
	0.351 (68.1%)
	0.777 (42.6%)
	0.467 (63.3%)

	SU/MU-MIMO
	Clustered 
	0.73 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.555 (0.0%)
	0.794 (0.0%)
	0.703 (0.0%)

	SU/MU-CSCB 05
	Clustered
	0.72 (-1.7%)
	0.45 (0.9%)
	0.50 (0.1%)
	0.597 (7.6%)
	0.869 (9.4%)
	0.745 (6.0%)

	SU/MU-CSCB 15
	Clustered
	0.73 (-0.8%)
	0.45 (0.5%)
	0.50 (0.1%)
	0.655 (17.9%)
	0.927 (16.7%)
	0.805 (14.6%)


Table 6: JP CoMP in XX→+ antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.07 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.209 (0.0%)
	0.545 (0.0%)
	0.286 (0.0%)

	SU/MU-JP 05
	Uniform
	1.04 (-2.5%)
	0.34 (-0.9%)
	0.48 (-1.4%)
	0.262 (25.6%)
	0.609 (11.7%)
	0.338 (18.0%)

	SU/MU- JP 15
	Uniform
	1.04 (-2.7%)
	0.34 (-0.9%)
	0.48 (-1.7%)
	0.303 (45.1%)
	0.666 (22.1%)
	0.376 (31.2%)

	SU/MU-MIMO
	Clustered 
	0.73 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.555 (0.0%)
	0.794 (0.0%)
	0.703 (0.0%)

	SU/MU- JP 05
	Clustered
	0.73 (-0.8%)
	0.43 (-3.1%)
	0.49 (-2.6%)
	0.733 (32.0%)
	0.883 (11.2%)
	0.792 (12.7%)

	SU/MU- JP 15
	Clustered
	0.71 (-3.3%)
	0.44 (-2.5%)
	0.49 (-2.8%)
	0.642 (15.7%)
	0.889 (11.9%)
	0.820 (16.6%)


Table 7: CSCB CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.10 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.349 (0.0%)
	0.878 (0.0%)
	0.477 (0.0%)

	SU-CSCB 05
	Uniform
	1.09 (-0.9%)
	0.34 (0.6%)
	0.49 (-0.1%)
	0.337 (-3.3%)
	0.891 (1.5%)
	0.465 (-2.4%)

	SU-CSCB 15
	Uniform
	1.11 (0.4%)
	0.34 (-0.4%)
	0.49 (0.0%)
	0.405 (16.2%)
	0.928 (5.7%)
	0.515 (8.1%)

	SU-MIMO
	Clustered 
	0.74 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.666 (0.0%)
	1.109 (0.0%)
	0.904 (0.0%)

	SU-CSCB 05
	Clustered
	0.72 (-2.5%)
	0.45 (1.1%)
	0.51 (0.0%)
	0.709 (6.5%)
	1.138 (2.6%)
	0.946 (4.6%)

	SU-CSCB 15
	Clustered
	0.73 (-1.4%)
	0.45 (0.6%)
	0.50 (0.0%)
	0.723 (8.6%)
	1.159 (4.5%)
	0.971 (7.4%)

	SU/MU-MIMO
	Uniform
	1.10 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.386 (0.0%)
	0.940 (0.0%)
	0.516 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.09 (-1.4%)
	0.34 (1.1%)
	0.49 (0.0%)
	0.390 (1.0%)
	0.957 (1.9%)
	0.528 (2.4%)

	SU/MU-CSCB 15
	Uniform
	1.12 (1.5%)
	0.34 (-0.9%)
	0.49 (0.2%)
	0.418 (8.2%)
	0.963 (2.5%)
	0.562 (8.9%)

	SU/MU-MIMO
	Clustered 
	0.74 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.687 (0.0%)
	1.028 (0.0%)
	0.890 (0.0%)

	SU/MU-CSCB 05
	Clustered
	0.74 (0.2%)
	0.44 (-0.1%)
	0.50 (0.0%)
	0.699 (1.7%)
	1.041 (1.2%)
	0.898 (0.8%)

	SU/MU-CSCB 15
	Clustered
	0.74 (-1.0%)
	0.45 (0.4%)
	0.50 (0.0%)
	0.735 (6.9%)
	1.084 (5.4%)
	0.929 (4.3%)


Table 8: JP CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.10 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.386 (0.0%)
	0.940 (0.0%)
	0.516 (0.0%)

	SU/MU-JP 05
	Uniform
	1.06 (-3.8%)
	0.34 (-0.9%)
	0.48 (-2.0%)
	0.450 (16.5%)
	1.020 (8.6%)
	0.610 (18.1%)

	SU/MU- JP 15
	Uniform
	1.05 (-4.6%)
	0.34 (0.0%)
	0.48 (-2.0%)
	0.485 (25.5%)
	1.081 (15.0%)
	0.641 (24.2%)

	SU/MU-MIMO
	Clustered 
	0.74 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.687 (0.0%)
	1.028 (0.0%)
	0.890 (0.0%)

	SU/MU- JP 05
	Clustered
	0.71 (-5.0%)
	0.44 (-1.3%)
	0.49 (-2.4%)
	0.752 (9.5%)
	1.107 (7.7%)
	1.021 (14.6%)

	SU/MU- JP 15
	Clustered
	0.72 (-2.6%)
	0.43 (-2.5%)
	0.49 (-2.4%)
	0.774 (12.7%)
	1.124 (9.3%)
	1.072 (20.4%)


In this simulation, we have the following observation:

· In cooperation scenario 05
· SU-CS/CB05 achieves up to 6.3% cell edge UE spectral efficiency compared with SU/MU-MIMO.
· SU/MU-CS/CB05 achieves up to 17.7% cell edge UE spectral efficiency compared with SU/MU-MIMO.

· SU/MU-JP05 achieves up to 20.6% cell edge UE spectral efficiency compared with MU-MIMO.
· In cooperation scenario 15
· SU-CS/CB15 achieves up to 44.2% cell edge UE spectral efficiency compared with SU/MU-MIMO.
· SU/MU-CS/CB15 achieves up to 63.3% cell edge UE spectral efficiency compared with SU/MU-MIMO.
· SU/MU-JP15 achieves up to 54.4% cell edge UE spectral efficiency compared with SU/MU-MIMO.

· The most significant gains are observed in 2Tx and 4Tx antenna configuration with cross polarized antennas for almost all CoMP categories.
· For JP CoMP the most significant gains were obtained for uniform UE dropping
3. Conclusions

In this contribution, the performance results of CSCB and JP CoMP schemes for non full buffer traffic model were presented. The evaluation shows that CoMP schemes provide clear benefits in 5% user spectral efficiency for almost all simulated cases.
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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, 2) , (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 or cross-polarized
UE: co-polarized antennas or cross-polarized 

	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
	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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