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Discussion and decision
1 Introduction
As agreed in RAN1, the schedule of CoMP studies is as follows [1]:
· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage” (Scenario 3), and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell” (Scenario 4). 
In this contribution, we provide some detailed evaluation results for phase 2, for UL CoMP with full buffer traffic for scenario 3 outdoor case.
2 CoMP operation and simulation assumptions
This section describes the UL CoMP operation in our UL system evaluation for scenario 3. 
Scheduling:

Each cell independently schedules users within its serving area without any information from neighbour cells. The channel dependent PF scheduling uses a granularity of 5 RB. 
UL CoMP processing:
MMSE-IRC at each cell in the CoMP set; softbit based combination of signals from cells in the CoMP set at the serving cell. When carry out CoMP processing, the interference from UEs within the local cell is assumed to be fully removed by using an advanced non-linear receiver.
CoMP clustering approach:
The UE specific cluster is obtained according to the path loss measurement results, the closest neighbour points of UE are selected into CoMP cluster. 
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In this contribution, three categories of sub-cluster regarding different coordination areas are evaluated. 

· Alt1: Coordination area is 1 macro cell and N low-power nodes. The points within this area satisfying eq. 1 are put into the CoMP cluster.

· Alt2: Coordination area is 3 intra-site cells and 3*N low-power nodes. The points within this area satisfying eq. 1 are put into the CoMP cluster.
· Alt3: All reception points within network could be selected into CoMP cluster if they satisfy eq. 1.
Simulation assumptions
The table 1 below captures the simulation assumptions [2-4].
Table 1:  System simulation parameters for CoMP Evaluation
	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage

· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Benchmark is Rel. 10 SU-MIMO
Association bias value of 0 dB RSRP is applied for both non-CoMP and CoMP simulations 

	Simulation case
	ITU UMa for Macro, UMi for low power node (details refer to TR36.819 v0.1.0), 19 macro site, 3 sectors per site, wrap round. 

	Coordination set
	1 cell with N low-power nodes (referred as 1 cell)

3 intra-site cells with 3*N low-power nodes (referred as 3 cells)

	Number of low power node per macro-cell
	N = 4

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	25 for configuration #1 and 30 for configuration #4b

	System bandwidth
	10 MHz 

	Uplink Power control
	open loop fractional power control; the parameter for power control
macro cell: alpha = 0.7, P0 = -80dBm, 

pico cell alpha=0.6, P0=-72dBm.

	Antenna configuration base station
	For both Macro eNB and lower power node : Co-polarized antennas separated 0.5 wavelengths

(illustration for 2 Rx: | |)

	Number of antennas at UE
	1

	eNB Antenna tilt
	Macro eNB: 12degrees

Low-power node: 0 degrees

	Antenna gain + connector loss
	Macro eNB: 17 dBi

Low power node: 5 dBi

	Channel estimation
	Non-ideal, based on SRS, and DMRS. (MSE = a*SINR+ b) 

	Network synchronization
	Ideal Synchronization

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); sounding RS 10 ms period ; PUCCH, 4/50 RBs. (Overhead ratio: 0.2185)

	Traffic model
	Full buffer

	Backhaul assumptions
	point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal

	Clustering approach
	10dB threshold based UE specific clustering


3 Simulation Results
3.1 Configuration #1 
Table 2 Probability of CoMP UEs for configuration #1
	Coordination area
	UE served by 1 cell
	UE served by 2 cells
	UE served by 3 cells
	UE served by > 3 cells

	Alt1
	58.11%
	25.68%
	10.81%
	5.40%

	Alt2
	47.37%
	23.23%
	13.75%
	15.65%

	Alt3
	34.39%
	23.93%
	14.25%
	27.44%


Table 3: System performance evaluation for configuration #1
	CoMP clustering within different coordination area
	Baseline(SU-SIMO)
	Alt1
	Alt2
	Alt2
	Alt1 Gain over baseline 
	Alt2 Gain over baseline
	Alt3 Gain over baseline

	MeNB Throughput (Mbps)
	14.79
	18.46
	20.22
	22.64
	24.82%
	36.76%
	53.15%

	PeNB Throughput (Mbps)
	10.13
	10.97
	11.21
	11.80
	8.34%
	10.70%
	16.48%

	MUE Throughput 5% (Mbps)
	0.46
	0.57
	0.64
	0.74
	24.59%
	40.36%
	60.78%

	PUE Throughput 5% (Mbps)
	0.92
	1.00
	1.08
	1.24
	8.41%
	16.59%
	33.82%

	AVG throughput of MUE (Mbps)
	1.21
	1.51
	1.65
	1.85
	24.82%
	36.76%
	53.15%

	AVG throughput of PUE (Mbps)
	3.17
	3.44
	3.51
	3.69
	8.34%
	10.70%
	16.48%

	All UEs Throughput 5% (Mbps)
	0.57
	0.69
	0.75
	0.89
	21.83%
	32.27%
	55.95%

	Avg.throughput of all UEs(Mbps)
	2.21
	2.49
	2.60
	2.79
	12.75%
	17.67%
	26.28%

	MUE Effective SINR 5% (dB)
	3.02
	5.77
	6.75
	9.24
	
	
	

	PUE Effective SINR 5% (dB)
	1.64
	2.12
	2.45
	3.21
	
	
	

	Jain Index
	0.58
	0.60
	0.62
	0.65
	
	
	

	Macro cell area Avg(bps/Hz/cell)
	5.53
	6.23
	6.51
	6.98
	12.75%
	17.67%
	26.28%

	Cell Edge (bps/Hz/UE)
	0.06
	0.07
	0.08
	0.09
	21.75%
	32.11%
	55.79%

	Effective IoT (dB)
	6.68
	6.68
	6.71
	6.66
	
	
	

	Effective Macro IoT (dB)
	4.25
	4.20
	3.71
	3.60
	
	
	

	Effective Pico IoT (dB)
	7.16
	6.94
	6.92
	6.81
	
	
	


3.2 Configuration #4b

Table 4 Probability of CoMP UE for configuration #4b
	Coordination area
	UE served by 1 cell
	UE served by 2 cells
	UE served by 3 cells
	UE served by > 3 cells

	Alt1
	62.34%
	24.80%
	8.89%
	3.98%

	Alt2
	56.02%
	23.39%
	11.35%
	9.24%

	Alt3
	45.38%
	25.73%
	13.45%
	15.44%


Table 5: System performance evaluation for configuration #4b
	CoMP clustering within different coordination area
	Baseline(SU-SIMO)
	Alt1
	Alt2
	Alt2
	Alt1 Gain over baseline 
	Alt2 Gain over baseline
	Alt3 Gain over baseline

	MeNB Throughput (Mbps)
	15.15
	20.50
	21.87
	25.12
	35.34%
	44.35%
	65.82%

	PeNB Throughput (Mbps)
	12.49
	13.52
	13.64
	14.50
	8.31%
	9.23%
	16.13%

	MUE Throughput 5% (Mbps)
	0.59
	0.89
	0.95
	1.19
	49.88%
	59.16%
	100.36%

	PUE Throughput 5% (Mbps)
	0.76
	0.94
	0.97
	1.06
	23.00%
	27.61%
	39.88%

	AVG throughput of MUE (Mbps)
	1.67
	2.26
	2.41
	2.77
	35.34%
	44.35%
	65.82%

	AVG throughput of PUE (Mbps)
	2.39
	2.58
	2.61
	2.77
	8.31%
	9.23%
	16.13%

	All UEs Throughput 5% (Mbps)
	0.70
	0.93
	0.97
	1.10
	32.52%
	38.71%
	57.28%

	Avg.throughput of all UEs(Mbps)
	2.17
	2.49
	2.55
	2.77
	14.60%
	17.41%
	27.70%

	MUE Effective SINR 5% (dB)
	3.43
	6.17
	7.49
	10.48
	
	
	

	PUE Effective SINR 5% (dB)
	2.62
	3.80
	3.93
	4.72
	
	
	

	Jain Index
	0.75
	0.79
	0.80
	0.80
	
	
	

	Macro cell area Avg(bps/Hz/cell)
	6.51
	7.46
	7.64
	8.31
	14.60%
	17.41%
	27.70%

	Cell Edge (bps/Hz/UE)
	0.07
	0.09
	0.10
	0.11
	32.57%
	38.86%
	57.43%

	Effective IoT (dB)
	6.71
	6.65
	6.67
	6.52
	
	
	

	Effective Macro IoT (dB)
	4.53
	4.62
	4.01
	4.02
	
	
	

	Effective Pico IoT (dB)
	7.14
	6.81
	6.78
	6.58
	
	
	


4 Summaries
We have presented the simulation results above for CoMP scenario 3 based on the agreed simulation assumptions. From the initial uplink evaluation results above, we can conclude that:
For configuration #1:
· Coordination area of 1 macro plus 4 pico could bring 12% average throughput gain and 21% edge throughput gain.
· Coordination area of 3 intra-site cells with 12 low-power nodes macro plus pico could bring 17% average throughput gain and 32% edge throughput gain.
· Without any limitations on reception point selection, the CoMP gain could reach 26% average throughput gain and 55% edege throughput gain.
For configuration #4b:
· Coordination area of 1 macro plus 4 pico could bring 14% average throughput gain and 32% edge throughput gain.
· Coordination area of 3 intra-site cells with 12 low-power nodes macro plus pico could bring 17% average throughput gain and 38% edge throughput gain.
· With no limitations on reception point selection, the CoMP gain could reach 27% average throughput gain and 57% edge throughput gain.
In the HTN without range expansion, the CoMP processing could bring more benefit to macro UEs than pico UEs. The reason is that the pico UEs have lower transmit power and the macro UEs are usually much closer to the pico cells than the pico UEs are to the macrocell. Therefore, CoMP with different power control schemes could possibly lead to an improved trade-off between the macro cell performance and the pico cell performance; this aspect is discussed further in [5].
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6 Appendix  
6.1 UE transmit power per RU distribution 
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Fig.3 configuration #1                Fig.4 configuration #4b

6.2 UE post SINR distribution
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Fig.5 configuration #1                Fig.6 configuration #4b
6.3 UE throughput distribution 
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Fig.7 configuration #1                Fig.8 configuration #4b
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