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1. Introduction
In this contribution, we present simulation results for non-full buffer traffic in order to evaluate the performance benefits of CS/CB CoMP over heterogeneous network environment. The transmission schemes of SU-MIMO and SU-CS/CB MIMO with and without Rel.10 eICIC are considered for CoMP evaluation of heterogeneous deployment scenarios.
2. Performance Results
The results for FTP traffic model are shown in the below tables. Among two FTP traffic models in TR 36.814, FTP traffic model 1 with 2 Mbytes file size is evaluated in this simulation. For each antenna configuration, two load factors (UE arrival rate for each macro area) are selected to obtain around 25% resource utility (RU) and around 50% RU of macro nodes for SU-MIMO system without eICIC. Same load factors are applied to enhanced transmission schemes to show performance gain compared to SU-MIMO baseline system. 
4 RRH nodes are randomly and uniformly placed within each macro cell geographical area. An UE at each arrival time is uniformly dropped according to configuration 1 in TR 36.814. Other simulation parameter and assumptions are the same as those in the companion contribution for evaluation of full-buffer traffic model [1].

The following combinations of eICIC and CS/CB CoMP are evaluated

· SU-MIMO

· SU-MIMO with eICIC (6dB association bias + 2/10 ABS)

· SU-MIMO with CS/CB CoMP over sectorized coordination area
· SU-MIMO with eICIC (6dB association bias + 2/10 ABS) and CS/CB CoMP over sectorized coordination area
· SU-MIMO with CS/CB CoMP over site coordination area
· SU-MIMO with eICIC (6dB association bias + 2/10 ABS) and CS/CB CoMP over site coordination area
Table 1. Performance results for SU-MIMO
( l x m x n antenna configuration stands for l Tx Ant. at Macro node, m Tx Ant. at RRH node, and n Rx Ant. at UE. )
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7
	11.0
	22.8
	N/A
	8.4
	N/A
	19.0
	N/A
	23%
	7%

	
	1.3
	20.1
	18.5
	N/A
	4.3
	N/A
	12.9
	N/A
	51%
	15%

	2x2x2 X-Pol
	0.6
	9.4
	24.3
	N/A
	8.1
	N/A
	19.5
	N/A
	22%
	6%

	
	1.0
	15.5
	20.3
	N/A
	4.5
	N/A
	13.6
	N/A
	45%
	11%

	4x4x2 Co-Pol
	0.9
	14.2
	25.8
	N/A
	9.6
	N/A
	21.6
	N/A
	26%
	8%

	
	1.5
	23.3
	21.7
	N/A
	5.6
	N/A
	15.9
	N/A
	48%
	14%

	4x4x2 X-Pol
	0.7
	11.0
	26.9
	N/A
	9.7
	N/A
	22.3
	N/A
	22%
	6%

	
	1.3
	20.2
	21.9
	N/A
	4.8
	N/A
	14.9
	N/A
	49%
	12%


Table 2. Performance results for SU-MIMO with Rel.10 eICIC
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7 
	10.9 
	21.8 
	-4.3%
	8.1 
	-3.9%
	18.1 
	-4.6%
	15%
	9%

	
	1.3 
	20.1 
	18.3 
	-1.0%
	5.0 
	15.7%
	13.3 
	3.0%
	33%
	20%

	2x2x2 X-Pol
	0.6 
	9.4 
	23.3 
	-4.3%
	7.9 
	-1.8%
	18.6 
	-4.7%
	14%
	8%

	
	1.0 
	15.5 
	20.0 
	-1.8%
	4.8 
	7.0%
	13.7 
	0.9%
	28%
	16%

	4x4x2 Co-Pol
	0.9 
	14.2 
	24.5 
	-5.1%
	9.4 
	-2.4%
	20.4 
	-5.3%
	17%
	10%

	
	1.5 
	23.3 
	21.3 
	-2.1%
	6.4 
	15.4%
	16.1 
	1.5%
	31%
	19%

	4x4x2 X-Pol
	0.7 
	11.0 
	25.6 
	-5.0%
	9.4 
	-3.5%
	21.1 
	-5.6%
	14%
	8%

	
	1.3 
	20.3 
	21.5 
	-2.0%
	5.5 
	14.5%
	15.2 
	2.2%
	31%
	18%


Table 3. Performance results for SU-MIMO with CS/CB over sectorized CoMP area
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7 
	11.0 
	23.8 
	4.6%
	9.0 
	6.3%
	20.1 
	5.8%
	23%
	6%

	
	1.3 
	20.2 
	19.5 
	5.4%
	4.6 
	6.8%
	13.7 
	6.5%
	50%
	13%

	2x2x2 X-Pol
	0.6 
	9.4 
	24.8 
	2.0%
	8.5 
	5.5%
	20.0 
	3.0%
	21%
	5%

	
	1.0 
	15.6 
	21.0 
	3.5%
	4.7 
	5.9%
	14.2 
	4.8%
	43%
	10%

	4x4x2 Co-Pol
	0.9 
	14.2 
	26.3 
	2.2%
	9.7 
	1.4%
	22.2 
	2.8%
	25%
	7%

	
	1.5 
	23.3 
	22.4 
	3.0%
	5.8 
	4.0%
	16.5 
	3.6%
	47%
	13%

	4x4x2 X-Pol
	0.7 
	11.0 
	27.1 
	0.7%
	10.0 
	2.4%
	22.6 
	1.2%
	22%
	5%

	
	1.3 
	20.3 
	22.3 
	1.7%
	5.0 
	3.3%
	15.2 
	2.4%
	49%
	12%


Table 4. Performance results for SU-MIMO with Rel.10 eICIC and CS/CB over sectorized CoMP area
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7 
	11.0 
	22.9 
	0.6%
	8.5 
	0.5%
	19.2 
	1.2%
	15%
	8%

	
	1.3 
	20.2 
	19.2 
	4.0%
	5.1 
	18.3%
	14.0 
	8.5%
	33%
	18%

	2x2x2 X-Pol
	0.6 
	9.4 
	23.8 
	-2.2%
	8.1 
	0.8%
	19.1 
	-1.9%
	14%
	7%

	
	1.0 
	15.6 
	20.7 
	2.1%
	5.1 
	13.3%
	14.6 
	7.2%
	27%
	14%

	4x4x2 Co-Pol
	0.9 
	14.2 
	25.2 
	-2.3%
	9.7 
	0.6%
	21.2 
	-1.8%
	17%
	9%

	
	1.5 
	23.4 
	21.9 
	0.9%
	6.5 
	16.3%
	16.7 
	5.0%
	31%
	17%

	4x4x2 X-Pol
	0.7 
	11.0 
	25.9 
	-3.6%
	9.8 
	0.4%
	21.5 
	-3.6%
	14%
	7%

	
	1.3 
	20.3 
	22.0 
	0.4%
	5.6 
	17.2%
	15.7 
	5.8%
	31%
	16%


Table 5. Performance results for SU-MIMO with CS/CB over site CoMP area
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7 
	11.0 
	24.8 
	8.7%
	10.1 
	19.3%
	21.5 
	13.1%
	20%
	6%

	
	1.3 
	20.3 
	20.5 
	11.1%
	5.8 
	34.4%
	15.5 
	20.4%
	43%
	13%

	2x2x2 X-Pol
	0.6 
	9.4 
	25.5 
	5.0%
	9.6 
	18.4%
	21.2 
	9.0%
	19%
	5%

	
	1.0 
	15.6 
	22.2 
	9.1%
	6.3 
	39.6%
	16.4 
	20.5%
	36%
	9%

	4x4x2 Co-Pol
	0.9 
	14.2 
	27.0 
	4.6%
	10.6 
	10.8%
	23.2 
	7.5%
	23%
	7%

	
	1.5 
	23.4 
	23.2 
	6.9%
	6.9 
	23.0%
	17.9 
	12.8%
	43%
	13%

	4x4x2 X-Pol
	0.7 
	11.1 
	27.6 
	2.7%
	10.8 
	11.2%
	23.5 
	5.2%
	20%
	5%

	
	1.3 
	20.4 
	23.2 
	5.9%
	6.2 
	28.6%
	17.0 
	14.1%
	43%
	11%


Table 6. Performance results for SU-MIMO with Rel.10 eICIC and CS/CB over site CoMP area
	Antenna Configuration
	Load Factor
	Macro Area Tput [Mbps]
	Mean UE Tput [Mbps]
	Gain[%]
	UE Tput
(5%)[Mbps]
	Gain[%]
	HM UE Tput [Mbps]
	Gain[%]
	Macro

RU[%]
	RRH

RU[%]

	2x2x2 Co-Pol
	0.7 
	11.0 
	23.7 
	4.1%
	9.7 
	14.5%
	20.4 
	7.4%
	13%
	8%

	
	1.3 
	20.3 
	20.1 
	9.0%
	6.2 
	43.8%
	15.4 
	19.8%
	28%
	17%

	2x2x2 X-Pol
	0.6 
	9.4 
	24.5 
	0.7%
	9.0 
	10.8%
	20.2 
	3.5%
	12%
	7%

	
	1.0 
	15.7 
	21.6 
	6.3%
	6.2 
	37.6%
	16.1 
	18.2%
	23%
	13%

	4x4x2 Co-Pol
	0.9 
	14.2 
	25.8 
	0.0%
	10.6 
	10.3%
	22.1 
	2.6%
	16%
	9%

	
	1.5 
	23.5 
	22.6 
	4.2%
	7.3 
	30.5%
	17.8 
	12.0%
	28%
	16%

	4x4x2 X-Pol
	0.7 
	11.0 
	26.4 
	-1.8%
	10.2 
	4.3%
	22.3 
	-0.3%
	13%
	7%

	
	1.3 
	20.4 
	22.7 
	3.5%
	6.5 
	34.6%
	16.9 
	13.7%
	28%
	15%


In this simulation, we have the following observation:

· eICIC scheme achieves -4~16% more edge UE’s throughput compared with SU-MIMO without eICIC at the same load factor.

· CS/CB over sectorized CoMP area achieves 1~7% more edge UE’s throughput compared with SU-MIMO without eICIC at the same load factor.

· CS/CB over sectorized CoMP area with eICIC achieves 0~18% more edge UE’s throughput compared with SU-MIMO without eICIC at the same load factor.

· CS/CB over site CoMP area achieves 11~40% more edge UE’s throughput compared with SU-MIMO without eICIC at the same load factor.

· CS/CB over site CoMP area with eICIC achieves 4~44% more edge UE’s throughput compared with SU-MIMO without eICIC at the same load factor.

From evaluation results, we can observe that the gain of eICIC is reduced or disappeared, especially with low load factor. The main reason is because fixed 2/10 ABS pattern is used in this simulation. More sophisticated algorithm for adapting ABS pattern is needed for dynamic traffic model.
We additionally showed results for harmonic mean (HM) UE throughput, which is computed by taking the average of inverse of each UE’s throughput (the top 2% samples and the low 2% samples removed to avoid meaningless averaging due to weird samples). In user applications, user experience is typically related to the total amount of time to receive a packet. The total amount of time to receive a packet is linearly related with the inverse of the throughput of an UE. Which means the harmonic mean for UE throughput can be regarded as representative related to user experience. Additionally the harmonic mean is typically higher if the fairness between users is leveled out, so that different users have similar user experience.
3. Conclusion

In this contribution, we have presented performance results of CS/CB CoMP under non-full buffer traffic model. We can see consistent performance benefits in 5% edge performance by use of CoMP in non-full buffer traffic model for all the simulated cases. In most cases, average UE throughput of CoMP is also greater than that of non-CoMP. Also the CoMP schemes consistently bring benefit to the harmonic mean UE throughput, which can be considered a good benchmark for user experience.
We have also observed that some study about more sophisticated algorithm for adapting ABS pattern is needed to show benefit of Rel.10 eICIC scheme for dynamic traffic model.
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