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1. Introduction
At RAN1#63bis meeting, two phases CoMP performance evaluation roadmap was agreed. And consensus was reached on scenario evaluation priorities.[1]:
· Phase 1 

· Homogeneous network with high Tx power RRHs (scenario 2)
· Starts after RAN1#63bis

· Aim to conclude in RAN1#65

· 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)”

· Starts after RAN1#64

In this contribution, the evaluation results on CoMP JP for scenario 3 was presented, i.e., Heterogeneous network with low power RRHs within the macrocell coverage.
2. Evaluation assumptions
(1) Coordination cluster for JP
In heterogeneous network, the interference situation between macro and RRH layer may become extremely severe if without some forms of coordination. Moreover, a large proportion of interference comes from a small set of cells, i.e. cells within the same macro coverage. In the simulation, the coordination area is illustrated in Figure 1 and Figure 2. As shown in Figure 1, 1 macro cell and 4 RRH cells within the macro coverage compose a coordination cluster. Moreover, 3 macro cells and 12 RRH cells within the site coverage compose another kind of coordination cluster in Figure 2.
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       Figure 1 1 macro cells and 4 RRH cells         Figure 2 3 macro cells and 12 RRH cells
(2) Range expansion scheme
A bias value in cell attachment criteria is used in order to drive more users selecting low power node as their serving node [2]. The users will select serving cell based on the following criteria.
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(3) Resource partitioning for eICIC 
For data transmission, macro eNBs operate just on even number subframes, and all RRHs operate on both even and odd number subframes as shown in Figure 3. Such kind of resource partitioning will not be used in CoMP.
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Figure 3 Resource Partitioning for eICIC Evaluation
(4) Precoding
The precoder vector is acquired by maximizing the signal to leakage and noise ratio (SLNR), where leakage is defined as interference caused by the signal intended for a desired UE on the other UEs[3].
3. Evaluation results
This contribution gives evaluation results of different kinds of coordination cluster as mentioned above. Different antenna configurations with (4,4,2) and (2,2,2), which correspond to the number of antennas (BS, RRH, UE) respectively have been adopted in the simulation. The bias value equals to 0dB.
(5) 1 macro and 4 RRHs
· Antenna configuration with (4,4,2)
Comparing with nonCoMP, JP gains in terms of cell average, cell edge spectral efficiency and Jain index in configuration #1 and #4b are shown in Table 1-2. Each configuration consists of two transmission schemes, SU-MIMO and MU-MIMO.
Table 1  The Performance Gain of JP Compared with nonCoMP in Configuration #1
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	11.2693
	0
	0.0778
	0
	0.5262

	SU-eICIC
	11.3866
	1.04%
	0.0447
	-42.54%
	0.4343

	SU-JP
	11.7402
	4.18% 
	0.1123
	44.49% 
	0.4508 

	MU-nonCoMP
	17.1966
	0
	0.1155
	0
	0. 5364

	MU-eICIC
	16.2542
	-5.48%
	0. 0602
	-47.88%
	0. 4931

	MU-JP
	22.2860
	29.60% 
	0.1745 
	51.05% 
	0.4984 


Table 2  The Performance Gain of JP Compared with nonCoMP in Configuration #4b
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	12.6118
	0
	0.1004
	0
	0.6711

	SU-eICIC
	12.4117
	-1.59%
	0.0744
	-25.90%
	0.6627

	SU-JP
	13.3383
	5.76%
	0.1728
	72.11%
	0.7529

	MU-nonCoMP
	19.5084
	0
	0.1574
	0
	0.6918

	MU-eICIC
	21.2879
	9.12%
	0.1150
	-26.90%
	0.6526

	MU-JP
	25.1214
	28.77% 
	0.2531 
	60.80% 
	0.6706 


From the simulation results shown above, we can observe that
· SU-JP obtains about 5% cell average spectral efficiency gain comparing with SU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to around 72%, as in Table 1-2.
· MU-JP obtains about 29% cell average spectral efficiency gain comparing with MU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 60%, as in Table 1-2.
· The values of Jain index for JP and nonCoMP are vacillating.
· Antenna configuration with (2,2,2)
Comparing with nonCoMP, JP gains in terms of cell average, cell edge spectral efficiency and Jain index in configuration #1 and #4b are shown in Table 3-4. Each configuration consists of two transmission schemes, SU-MIMO and MU-MIMO.
Table 3  The Performance Gain of JP Compared with nonCoMP in Configuration #1
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	10.3671
	0
	0.0697
	0
	0.5338

	SU-eICIC
	10.8549
	4.71%
	0.0342
	-50.92%
	0.4159

	SU-JP
	10.7925
	4.10% 
	0.0925 
	32.68% 
	0.4492 

	MU-nonCoMP
	17.2309
	0 
	0.0956 
	0 
	0.5351 

	MU-eICIC
	16.7276
	-2.92% 
	0.0553 
	-42.20% 
	0.4645 

	MU-JP
	18.7737
	8.95% 
	0.1600 
	67.29% 
	0.4622 


Table 4  The Performance Gain of JP Compared with nonCoMP in Configuration #4b
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	11.8484
	0 
	0.0916 
	0 
	0.6854 

	SU-eICIC
	12.2756
	3.61% 
	0.0681 
	-25.72% 
	0.6364 

	SU-JP
	12.3519
	4.25% 
	0.1274 
	39.05% 
	0.6869 

	MU-nonCoMP
	20.1271 
	0 
	0.1156 
	0 
	0.6359 

	MU-eICIC
	20.2751 
	0.74% 
	0.0814 
	-29.60% 
	0.6026 

	MU-JP
	21.3491
	6.07% 
	0.2020 
	74.74% 
	0.6500 


From the simulation results shown above, we can observe that
· SU-JP obtains about 4% cell average spectral efficiency gain comparing with SU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 39%, as in Table 3-4.
· MU-JP obtains up to 8% cell average spectral efficiency gain comparing with MU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 74%, as in Table 3-4.
· The values of Jain index for JP and nonCoMP are vacillating.
(2) 3 macro and 12 RRHs
· Antenna configuration with (4,4,2)
Comparing with nonCoMP, JP gains in terms of cell average, cell edge spectral efficiency and Jain index in configuration #1 and #4b are shown in Table 5-6. Each configuration consists of two transmission schemes, SU-MIMO and MU-MIMO.
Table 5  The Performance Gain of JP Compared with nonCoMP in Configuration #1
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	11.2693
	0
	0.0778
	0
	0.5262

	SU-eICIC
	11.3866
	1.04%
	0.0447
	-42.54%
	0.4343

	SU-JP
	11.6851
	3.69%
	0.1079
	38.69%
	0.4633

	MU-nonCoMP
	17.1966
	0
	0.1155
	0
	0. 5364

	MU-eICIC
	16.2542
	-5.48%
	0. 0602
	-47.88%
	0. 4931

	MU-JP
	24.2774
	41.18%
	0.2208
	91.16%
	0.4685


Table 6  The Performance Gain of JP Compared with nonCoMP in Configuration #4b
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	12.6118
	0
	0.1004
	0
	0.7134

	SU-eICIC
	12.4117
	-1.59%
	0.0744
	-25.90%
	0.6627

	SU-JP
	13.3417
	5.79%
	0.1842
	83.47%
	0.7606

	MU-nonCoMP
	19.5084
	0
	0.1574
	0
	0.6918

	MU-eICIC
	21.2879
	9.12%
	0.1150
	-26.90%
	0.6526

	MU-JP
	28.0048
	43.55%
	0.3345
	112.52%
	0.7111


From the simulation results shown above, we can observe that
· SU-JP obtains up to 5% cell average spectral efficiency gain comparing with SU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 83%, as in Table 5-6.
· MU-JP obtains about 42% cell average spectral efficiency gain comparing with MU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 112%, as in Table 5-6.
· The values of Jain index for JP and nonCoMP are vacillating.
· Antenna configuration with (2,2,2)
Comparing with nonCoMP, JP gains in terms of cell average, cell edge spectral efficiency and Jain index in configuration #1 and #4b are shown in Table 7-8. Each configuration consists of two transmission schemes, SU-MIMO and MU-MIMO.
Table 7  The Performance Gain of JP Compared with nonCoMP in Configuration #1
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	10.3671
	0
	0.0697
	0
	0.5338

	SU-eICIC
	10.8549
	4.71%
	0.0342
	-50.92%
	0.4159

	SU-JP
	10.8309
	4.47%
	0.0889
	27.55%
	0.4613

	MU-nonCoMP
	17.2309
	0 
	0.0956 
	0 
	0.5351 

	MU-eICIC
	16.7276
	-2.92% 
	0.0553 
	-42.20% 
	0.4645 

	MU-JP
	19.3699
	12.41%
	0.1916
	100.42%
	0.5170


Table 8  The Performance Gain of JP Compared with nonCoMP in Configuration #4b
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	Value (bps/Hz/cell)
	Gain over non-CoMP
	Value
(bps/Hz/cell)
	Gain over non-CoMP
	value

	SU-nonCoMP
	11.8484
	0 
	0.0916 
	0 
	0.6854 

	SU-eICIC
	12.2756
	3.61% 
	0.0681 
	-25.72% 
	0.6364 

	SU-JP
	11.9884
	1.18%
	0.1358
	48.25%
	0.7265

	MU-nonCoMP
	20.1271 
	0 
	0.1156 
	0 
	0.6359 

	MU-eICIC
	20.2751 
	0.74% 
	0.0814 
	-29.60% 
	0.6026 

	MU-JP
	22.3667
	11.13%
	0.2626
	127.16%
	0.7248


From the simulation results shown above, we can observe that
· SU-JP obtains up to 4% cell average spectral efficiency gain comparing with SU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 48%, as in Table 7-8.
· MU-JP obtains about 11% cell average spectral efficiency gain comparing with MU-nonCoMP. Moreover, the gains of cell edge spectral efficiency can be acquired up to 127%, as in Table 7-8.
· The values of Jain index for JP and nonCoMP are vacillating.
4. Conclusion
In this contribution, system-level simulation results of non-CoMP, eICIC and JP in the transmission scheme of SU-MIMO and MU-MIMO for scenario 3 has been presented. From the simulation results, we can observe that.
· JP outperforms nonCoMP in terms of cell average spectral efficiency and cell edge spectral efficiency.
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Appendix：
Other simulation assumptions are described in Table 9 [4]. Moreover, ideal CSI is assumed to be achieved at both transmitter and receiver.
Table 9 Simulation Assumptions
	Parameters 
	Configurations 

	Layout 
	19 macro sites with 3 cells (sectors) each and wrap-around 

	Number of RRHs per macro-cell
	Configuration #1 with 4 RRHs per macro cell [5]

Configuration #4b with 4 RRHs per macro cell

	Coordination area
	1 macro cell with 4 RRHs
3 macro cells with 12 RRHs

	Load 
	Configuration #1: average 25 UEs per cell

Configuration #4b: average 30 UEs per cell 

	UE distribution 
	Configuration #1: Uniform in entire network 

Configuration #4b: Clustered UE placement for hotzone cells

	Carrier frequency 
	2GHz 

	System bandwidth 
	10MHz 

	Total eNB Tx power 
	46dBm 

	Total RRH Tx power
	30dBm

	Transmission schemes in DL
	SU-MIMO, MU-MIMO

	Thermal noise 
	-174dBm/Hz 

	Noise figure at UE 
	9dB 

	Number of antennas (BS, RRH, UE) 
	(4, 4, 2) , (2, 2, 2)

	Antenna separation (BS, RRH, UE)
(in times of wavelength) 
	(0.5, 0.5, 0.5) 

	UE speed 
	3km/h 

	Antenna pattern 
	Macro-cell
	3D pattern defined in TR.36.814 with antenna down tilt 12 degrees

	
	Low power node-cell
	2D pattern, omnidirectional.

	Antenna configuration
	ULA

	Hand over margin
	1 dB

	Traffic model 
	Full buffer 

	Scheduling scheme
	Proportional fairness(PF)

	Receiver algorithm 
	MMSE receiver model option1 in R1-110586
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