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1
Introduction

A study item on heterogeneous networks was initiated during the last RAN plenary [1]. In this contribution, we provide some simulation results of downlink system performance of HetNets in the Single Carrier (SC) Co-channel deployment with bursty traffic and Multiflow (SF-DC).
The system simulation assumptions are summarized in [2]. In this contribution, we do not consider the simulation conditions listed as optional in [2] unless identified. Below are further clarifications of the simulation assumptions:
· We focus on the outdoor path loss model. Since the ISD is assumed to be 500m, without lowering the Macro transmit-power, the geometry distribution will not differ noticeably for the mixed scenario (60% indoor and 40% outdoor).
· We assume Type3i receiver, with receiver implementation loss being modelled.

· As perfect control channel (HS-DPCCH) performance is assumed in the simulation, DL performance is not impacted by the availability of SHO between Macro and LPN. 

· We consider 30dBm LPN and 4 LPNs/Macro cell
· We sweep the UE density from [2 4 8 16] UEs per geographic area of each Macro cell (3 Macro cells per NodeB site). Note that, in the 50% clustering UE dropping, depending on the LPN density, some of the UE densities are not considered as they do not result in integer number of UEs per LPN. For example, if we consider 4 LPNs/Macro, we exclude UE densities of 2 and 4 UEs per Macro, since based on the simulation assumptions, both UE density settings result in less than 1 UEs clustered around each LPN.
In the results, we show four types of system performance metrics, (calculation of burst rate is defined in [2])
· Average UE burst rate: it is calculated as the average burst rate of all UEs in the system

· 5% UE burst rate: it is computed as the burst rate of the UEs in the 5% tail across all UEs in the system

· Average TTI utilization: For each cell, the TTI utilization is defined as the percentage of TTIs during which the cell schedules a packet to at least one UE. The TTI utilization is averaged over all non-empty cells. A non-empty cell is defined as a cell that serves at least one UE. We show average TTI utilization for all Macro cells as well as LPNs. Note that, TTI utilization is a direct metric to quantify the load in the system.
· Percentage of UEs in outage. A UE is defined to be in outage when its average burst rate is lower than the offered load (400 kbps per simulation assumptions [2]).

The gains are presented as the percentage increase over of the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell and the Multiflow (SF-DC) operation is not allowed. 
In this contribution, we focus on the improvement from the Multiflow (SF-DC) operation. It is important to note that the benefit from the Multiflow operation mostly comes from the load balancing. In a medium to lightly loaded system, each cell does not always have UEs to serve due to the bursty nature of the traffic. For the cell that has available resources (code and power), Multiflow operation allows the cell to serve nearby UEs that do not have this cell as the serving cell. The cell that schedules to the UE in addition to its own serving cell is called assisting serving cell. It is important to note that, for each cell, compared to the UEs who have the cell as the serving cell; the UEs that have the cell as the assisting serving cell typically experience a lower geometry. Hence, Multiflow operation cannot help a highly loaded system. On the contrary, when the system load is not very high, Multiflow operation takes advantage of the statistical multiplexing and offers enhanced user experience (user bust rate). 
2
Simulation Results for 50% Clustering UE Dropping

Table 1 shows the UE burst rate improvement from a HetNet deployment with 30dBm LPNs, 4 LPNs/Macro and 50% clustering UE dropping, with and without Multiflow (SF-DC). Clearly, we observe significant performance benefit from HetNet deployment in terms of both the system capacity (average burst rate) and the system coverage (5% burst rate), especially at high load. In this contribution, we focus on the improvement from the Multiflow (SF-DC) operation.
From Table 1, we observed that the Multiflow operation does not offer significant help to the baseline Macro only deployment at low loads. The reason is that the system load in our simulation is pretty high. To quantify the loading, Table 2 summarizes the average TTI utilization. We can see that, even at 8 UEs/Macro, the average TTI utilization is at 56% for baseline Macro only deployment without Multiflow. When 4 LPNs are deployed per Macro geographic area, the average TTI utilization is reduced to lower than 35% at Macro cell for 8UEs/Macro. As a result, we observe higher improvement from the Multiflow operation, especially at the 5% burst rate.

Table 1 Burst Rate with 30dBm LPNs, 4LPN/Macro and 50% Clustering UE Dropping

	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain

	Baseline Macro Only
Multiflow (SF-DC)
	1%
	16%
	0%
	2%

	HetNet 0dB CIO
	37%
	79%
	142%
	448%

	HetNet 0dB CIO
Multiflow (SF-DC)
	50%
	145%
	160%
	675%

	HetNet 3dB CIO
	42%
	84%
	169%
	706%

	HetNet 3dB CIO
Multiflow (SF-DC)
	52%
	131%
	181%
	937%


Table 2 Average TTI utilization with 30dBm LPNs, 4LPN/Macro and 50% Clustering UE Dropping
	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	Baseline Macro Only
	56%
	0%
	97%
	0%

	Baseline Macro Only
Multiflow (SF-DC)
	71%
	0%
	100%
	0%

	HetNet 0dB CIO
	35%
	7%
	80%
	13%

	HetNet 0dB CIO
Multiflow (SF-DC)
	42%
	7%
	90%
	16%

	HetNet 3dB CIO
	29%
	9%
	68%
	18%

	HetNet 3dB CIO
Multiflow (SF-DC)
	37%
	8%
	81%
	21%


Table 3 Outage UE percentage with 30dBm LPNs, 4LPN/Macro and 50% Clustering UE Dropping
	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Outage UE
Percentage
	Outage UE
Percentage

	Baseline Macro Only
	0%
	20%

	Baseline Macro Only
Multiflow (SF-DC)
	0%
	19%

	HetNet 0dB CIO
	0%
	1%

	HetNet 0dB CIO
Multiflow (SF-DC)
	0%
	0%

	HetNet 3dB CIO
	0%
	0%

	HetNet 3dB CIO
Multiflow (SF-DC)
	0%
	0%


Table 3 presents percentage of UEs in outage for different deployment scenarios with and without Multiflow. The reduction in the percentage of UEs in outage mostly comes from the LPN deployment, not from the Multiflow operation. These results are expected. When there are enough UEs in outage, the system starts to become unstable. Due to the constantly increasing queue length, the serving cell for the UEs in outage will not have any available resource for the Multiflow operation. 

3
Simulation Results for Uniform UE Dropping

In addition to 50% cluster UE dropping, we also consider uniform UE dropping and provide system performance results. Table 4 shows the UE burst rate improvement for baseline Macro only deployment with Multiflow and HetNet deployment, with and without Multiflow. Table 5 shows the average TTI utilization and Table 6 shows the percentage of UEs in outage. We have similar a observation as the 50% clustering dropping, i.e., LPN deployment helps to lower the loading per cell, hence improves the system performance gain from the Multiflow operation.
Table 4 Burst Rate with 30dBm LPNs, 4LPN/Macro and Uniform UE Dropping

	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain

	Baseline Macro Only
Multiflow (SF-DC)
	1%
	16%
	0%
	2%

	HetNet 0dB CIO
	12%
	21%
	50%
	93%

	HetNet 0dB CIO
Multiflow (SF-DC)
	19%
	44%
	62%
	138%

	HetNet 3dB CIO
	16%
	28%
	69%
	200%

	HetNet 3dB CIO
Multiflow (SF-DC)
	25%
	73%
	79%
	336%


Table 5 Average TTI utilization with 30dBm LPNs, 4LPN/Macro and Uniform UE Dropping

	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	Baseline Macro Only
	56%
	0%
	97%
	0%

	Baseline Macro Only
Multiflow (SF-DC)
	69%
	0%
	99%
	0%

	HetNet 0dB CIO
	48%
	9%
	91%
	15%

	HetNet 0dB CIO
Multiflow (SF-DC)
	58%
	9%
	97%
	18%

	HetNet 3dB CIO
	42%
	13%
	86%
	23%

	HetNet 3dB CIO
Multiflow (SF-DC)
	52%
	12%
	94%
	26%


Table 6 Outage UE percentage with 30dBm LPNs, 4LPN/Macro and Uniform UE Dropping

	Scenario
	8 UE/Macro
	16 UE/Macro

	
	Outage UE
Percentage
	Outage UE
Percentage

	Baseline Macro Only
	0%
	18%

	Baseline Macro Only
Multiflow (SF-DC)
	0%
	17%

	HetNet 0dB CIO
	0%
	8%

	HetNet 0dB CIO
Multiflow (SF-DC)
	0%
	6%

	HetNet 3dB CIO
	0%
	4%

	HetNet 3dB CIO
Multiflow (SF-DC)
	0%
	2%


4
Conclusion

In this contribution, we have provided the initial system performance for HetNets Single Carrier Co-channel deployment, focusing on the busty buffer traffic mode with and without Multiflow operation. Below is a summary of our observations:
· Multiflow operation improves the system performance at medium to low loading (loading can be quantified using average TTI utilization).

· LPN deployment reduces the loading per cell as UEs are offloaded to LPNs from Macro cells. As the load reduces, more gains can be observed from Multiflow operation.
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