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1 Introduction
The work Item for Coordinated Multi-Point (CoMP) operation has been started including both DL and UL [1]. For UL CoMP, it was pointed out in the end of the SI that the performance evaluation for UL CoMP is not matured since only a few companies’ results are available. In this contribution, we provide some evaluation results for UL-CoMP for scenario 3 which consider heterogeneous network deployments consisting of macro eNBs and remote radio heads (RRHs) under the assumptions in [2] and [3]. 
2 Simulation assumptions
Table 1 gives the system level simulation parameters used in our UL system evaluation for scenario 3 with config.1 and config.4b. We compared the throughput performance between Non-CoMP and CoMP for various cell range expansion (CRE) values of 0dB and 16dB.

Table 1  System level simulation parameters.

	Parameter
	Values

	Deployment scenarios
	Scenario 3

	Cell range expansion (CRE)
	0dB, 16dB 

	Channel model
	ITU UMa for Macro, UMi for pico
 (as in [3])

	Coordination area
	1 macro cell and 4 pico cells within the macro cell area

	Scheduler
	Each cell independently schedules users within its serving area without any information from neighbour cells.

	UL CoMP processing
	Joint reception

When carry out joint reception, the interference from UEs within the coordination area are removed by using MU-MIMO type equalizer, i.e., MMSE option 2 described in [7].

	Receiver type (non-CoMP)
	MMSE

	High power RRH Tx power (Ptotal)
	46 dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per macro cell area
	25 for config.1 and 30 for config. 4b

	Backhaul assumption
	Zero delay

	System bandwidth
	10 MHz, 48RBs   (PUCCH 2/50RBs)

	Carrier frequency
	2.0 GHz

	Maximum number of clusters
	1 (contiguous allocation)

	Scheduling algorithm
	Proportional Fairness with adaptive bandwidth allocation

	Maximum transmission power at UE
	23.0 dBm

	Tx / Rx Antenna configuration 
	1Tx / 2Rx 

ULA with 10 lambda spacing at eNB

	Uplink Power control
	Open loop fractional power control 
α = 1.0, P0 = -106 [dBm] for macro and pico cell

	Hybrid ARQ
	Incremental redundancy
Synchronous & Non-Adaptive HARQ

Maximum retransmission number = 4

	SRS setting
	10 ms period.
UE specific bandwidth based on path-loss estimation. Ideal CSI estimation within the bandwidth.

	Channel estimation for demodulation
	Ideal 

	UL overhead assumption
	DMRS : 2 symbols per subframe
SRS : 1 symbols per subframe

	Traffic model
	Full buffer


3 Simulation results
3.1 Scenario 3 with configuration 1
Table 2 shows the system throughput and cell-edge user throughput for Non-CoMP and CoMP JR for scenario 3 with config.1. Figure 1 shows the CDF of user throughput. 
Considerable gains are observed for both macro area throughput and cell-edge user throughput for both CRE bias. The gain depends on the CRE bias. For smaller CRE bias, more UEs are connected to macro cell. Macro UEs near pico cell causes a severe interference to pico cell in case of non-CoMP. For CoMP JR, these interferences are treated as desired signal in the MU-MIMO receiver. Therefore, the CoMP gain is larger for smaller CRE bias.  For larger CRE bias, more UEs are connected to pico node (i.e. closer reception point). Therefore, the interference from macro UE is not so large even in case of non-CoMP. Therefore, CoMP gain is smaller for larger CRE bias. Simulation results for other CRE biases are provided in Appendix A. 
As a reference, the simulation results for different power control parameters ([α, P0]=[0.7, -78] for macro and [0.6, -78] for pico) are shown in Appendix B.  
Table 2  Performance evaluation for config. 1. 
	　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	0
	3.12 
	　
	0.0543 
	　
	12.66 

	CoMP JR
	0
	3.77 
	20.8%
	0.0641 
	18.0%
	9.09 

	Non CoMP
	16
	4.19 
	　
	0.0764 
	　
	7.93 

	CoMP JR
	16
	4.65 
	11.0%
	0.0836 
	9.5%
	6.96 
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Figure 1 User throughput CDF for config. 1
3.2 Scenario 3 with configuration 4b
Table 3 shows the system throughput and cell-edge user throughput for Non-CoMP and CoMP JR for scenario 3 with config.4b. Figure 2 shows the CDF of user throughput. 
In this configuration, larger gain compared to config.1 is observed since the number of UEs with CoMP reception is larger than that for config.1. Similar to config.1, the CoMP gain depends on CRE bias. Simulation results for other CRE biases are also provided in Appendix A.
As a reference, the simulation results for different power control parameters ([α, P0]=[0.7, -78] for macro and [0.6, -78] for pico) are shown in Appendix B.
Table 3  Performance evaluation for config. 4b.
	　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	0
	3.50 
	　
	0.0619 
	　
	13.48 

	CoMP JR
	0
	4.52 
	29.0%
	0.0753 
	21.7%
	8.81 

	Non CoMP
	16
	5.04 
	　
	0.0894 
	　
	6.68 

	CoMP JR
	16
	5.59 
	10.9%
	0.0994 
	11.2%
	5.33 
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Figure 2 User throughput CDF for config. 4b

4 Conclusions
In this contribution, we showed our evaluation results to confirm the gain by UL CoMP. From the evaluation results, it is observed that CoMP JR in scenario 3 provides a significant gain. 
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Appendix A: 

In this appendix, the simulation results for different CRE bias values are shown. The parameters except CRE bias are the same as the evaluation assumption described in section 2.
A.1 Scenario 3 with configuration 1
	Table 4  Additional evaluation results with various CRE biases for config. 1.
　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	6
	3.64 
	　
	0.0660 
	　
	9.96 

	CoMP JR
	6
	4.20 
	15.4%
	0.0744 
	12.8%
	7.96 

	Non CoMP
	12
	4.04 
	　
	0.0749 
	　
	8.32 

	CoMP JR
	12
	4.54 
	12.3%
	0.0819 
	9.4%
	7.17 


A.2 Scenario 3 with configuration 4b
Table 5  Additional evaluation results with various CRE biases for config. 4b.
	　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	6
	4.21 
	　
	0.0733 
	　
	9.93 

	CoMP JR
	6
	5.06 
	20.3%
	0.0860 
	17.4%
	7.00 

	Non CoMP
	12
	4.78 
	　
	0.0839 
	　
	7.60 

	CoMP JR
	12
	5.44 
	13.9%
	0.0946 
	12.7%
	5.85 


Appendix B: 

In this appendix, the simulation results using different TPC parameters are shown. The parameters except TPC parameters are the same as the evaluation assumption described in section 2. 

Table 6 and Table 7show the results for TPC parameter sets [α, P0]=[0.7, -78dBm] for HPN and [0.6, -78dBm] for LPN.

B.1 Scenario 3 with configuration 1
Table 6  Additional evaluation results with [α, P0]=[0.7, -78] for macro and [0.6, -78] for pico in config. 1.
	　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	0
	3.30 
	　
	0.0478 
	　
	14.81 

	CoMP JR
	0
	4.17 
	26.4%
	0.0642 
	34.4%
	10.03 

	Non CoMP
	16
	4.62 
	　
	0.0510 
	　
	9.22 

	CoMP JR
	16
	5.27 
	14.2%
	0.0622 
	22.0%
	7.08 
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Figure 3 User throughput CDF for config. 1

B.2 Scenario 3 with configuration 4b
Table 7  Additional evaluation results with [α, P0]=[0.7, -78] for macro and [0.6, -78] for pico in config. 4b.
	　
	CRE
[dB]
	Macro area
 throughput [bps/Hz]
	Gain over 
non-CoMP
	Cell edge
throughput
[bps/Hz]
	Gain over 
non-CoMP
	Effective 
IoT [dB]

	Non CoMP
	0
	3.89 
	　
	0.0525 
	　
	17.02 

	CoMP JR
	0
	5.27 
	35.3%
	0.0696 
	32.6%
	10.67 

	Non CoMP
	16
	5.66 
	　
	0.0572 
	　
	9.53 

	CoMP JR
	16
	6.60 
	16.6%
	0.0743 
	30.0%
	6.62 


[image: image4.emf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

User Throughput (bps/Hz)

C.D.F

CoMP CRE=0dB

Non-CoMP CRE=0dB

CoMP CRE=16dB

Non-CoMP CRE=16dB


Figure 3 User throughput CDF for config. 4b
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