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1
Introduction

In this contribution, we provide some initial simulation results of Uplink system performance of HetNets in the Single Carrier (SC) Co-channel deployment with bursty traffic.
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.

· UE targets 1% BLER after four transmissions.

· LPN noise figure is assumed to be the same as the noise figure of Macro nodes. 

· For 37dBm LPN, we assume 0dB UL padding. For 30dBm LPN, we assume 6dB UL padding. For 24dBm LPN, we assume 12dB UL padding. 

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 at 5% tail across all UEs in the system

· Offloading Percentage: it is computed as the percentage of UEs among all UEs that are served by LPNs in the system.
· RoT statistics. We only consider the RoT for non-empty cells. A non-empty cell is defined as a cell that serves at least one UE. We show the statistics of both average RoT and 90% point at the RoT CDF (cumulative distribution function) for all non-empty cells in the system including Macro nodes and LPNs. RoT statistics gives good indication of the load in the system. Note that, the UL scheduler tries to control the average RoT at 6dB.
Lastly, in terms of deployment scenario, we consider the case in which Soft Hand-off (SHO) is allowed between LPN and Macro.

The gains are presented as the percentage increase over the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. 
2
Simulation Results for 50% Clustering UE Dropping

Table 1 shows the UE burst rate improvement from a HetNet deployment with 37dBm LPNs and 50% clustering UE dropping. 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. 
Table 2 shows the RoT statistics for different UE and LPN density. RoT is a good indication of the load in the system. From the simulation results, it is clear that performance gain from the HetNet deployment improves as the number of LPNs deployed increases, as well as the load in the system increases. For example, if we look at the case of 4 LPN/Macro and 8 UE/Macro, deploying LPNs with 3dB CIO provides average burst gain of 162% and 5% burst rate gain of 54% (see Table 1). When we increase the loading to16 UE/Macro, the baseline system start to become unstable as the average RoT approaches 7.7dB (see Table 2), much higher than the RoT target 6dB. As a result, the system performance improvement is very high, average burst gain reaches 1177% and 5% burst rate gain reaches 971%. 

It is also important to note that, the system performance improvement from a HetNet deployment mostly comes from offloading. From the UL perspective, LPN deployment allows some UEs to communicate with the LPN that is closer to them (has smaller path loss) compared to Macro. As a result, those UEs transmit at lower power and cause smaller interference into the system. Hence, for HetNets deployment, each cell only needs to support smaller amount of load (Rise of Thermal, RoT). For example, at 4 LPN/Macro, to support 8 UE/Macro, baseline Macro only deployment observes average RoT of 3.1dB, HetNet deployment with 4LPN/Macro only observes average RoT of 0.9dB.
Table 1 HetNets UL Bursty Traffic Performance with 37dBm LPNs and 50% Clustering UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
0dB LPN UL Padding
	9%
	3%
	36%
	5%
	106%
	46%
	482%
	680%
	31%

	2
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	 
	37%
	5%
	139%
	52%
	753%
	849%
	38%

	4
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	 
	 
	 
	162%
	54%
	1177%
	971%
	50%


Table 2 RoT Statistics with 37dBm LPNs and 50% Clustering UE Dropping
	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.1
	3.7
	7.6
	8.1

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.6
	0.8
	0.9
	1.3
	1.5
	2.2
	3.4
	4.7

	2
	Baseline
	 
	 
	1.5
	1.8
	3.1
	3.7
	7.7
	8.1

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	 
	0.8
	1.2
	1.2
	1.9
	2.3
	3.9

	4
	Baseline
	 
	 
	 
	 
	3.1
	3.5
	7.7
	8.1

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	 
	 
	 
	0.9
	1.6
	1.5
	2.9


Table 3 and Table 4 show the UE burst rate improvement and RoT statistics, respectively, from a HetNet deployment with 30dBm LPNs and 50% clustering UE dropping. Table 5 and Table 6 show the UE burst rate improvement and RoT statistics, respectively, from a HetNet deployment with 24dBm LPNs and 50% clustering UE dropping. In general, we observe the similar performance improvement as with 37dBm LPNs.

It is important to note that in the simulation assumption, the clustering radius in 50% clustering UE dropping reduces as the LPN transmit-power reduces. The clustering radius is chosen to be 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively. This choice leads to the similar UE offloading percentage for different LPN power setting. As HetNet deployment gain mostly comes from the UE offloading, the gains are also similar for different LPN settings. In the uniform dropping simulations, we will see the differences between different LPN power settings.

Table 3 HetNets UL Bursty Traffic Performance with 30dBm LPNs and 50% Clustering UE Dropping
	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
6dB LPN UL Padding
	8%
	1%
	34%
	7%
	103%
	40%
	504%
	614%
	30%

	2
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	 
	39%
	7%
	125%
	41%
	763%
	703%
	32%

	4
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	 
	 
	 
	148%
	44%
	1080%
	952%
	36%


Table 4 RoT Statistics with 30dBm LPNs and 50% Clustering UE Dropping
	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.8
	1.1
	1.5
	1.9
	3.2
	3.7
	7.6
	8.2

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.5
	0.8
	0.9
	1.4
	1.5
	2.2
	3.3
	4.9

	2
	Baseline
	 
	 
	1.5
	1.8
	3.1
	3.5
	7.6
	8.1

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	 
	0.7
	1.3
	1.1
	2.0
	2.3
	4.3

	4
	Baseline
	 
	 
	 
	 
	3.1
	3.5
	7.7
	8.1

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	 
	 
	 
	0.9
	1.9
	1.6
	3.6


Table 5 HetNets UL Bursty Traffic Performance with 24dBm LPNs and 50% Clustering UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
12dB LPN UL Padding
	10%
	2%
	33%
	7%
	108%
	50%
	520%
	628%
	32%

	2
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	 
	40%
	5%
	138%
	44%
	794%
	652%
	32%

	4
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	 
	 
	 
	130%
	44%
	969%
	671%
	33%


Table 6 RoT Statistics with 24dBm LPNs and 50% Clustering UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.8
	1.1
	1.5
	1.8
	3.2
	3.7
	7.6
	8.1

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.5
	0.8
	0.8
	1.3
	1.5
	2.2
	3.2
	5.0

	2
	Baseline
	 
	 
	1.5
	1.8
	3.1
	3.6
	7.7
	8.1

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	 
	0.7
	1.3
	1.1
	2.0
	2.2
	4.5

	4
	Baseline
	 
	 
	 
	 
	3.0
	3.5
	7.7
	8.1

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	 
	 
	 
	0.9
	2.0
	1.6
	4.1


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 7and Table 8 show the UE burst rate improvement and RoT statistics for a HetNet deployment with 37dBm LPNs and uniform UE dropping, respectively. Table 9 and Table 10 show the UE burst rate improvement and RoT statistics for a HetNet deployment with 30dBm LPNs and uniform UE dropping, respectively. Table 11 and Table 12 show the UE burst rate improvement and RoT statistics for a HetNet deployment with 24dBm LPNs and uniform UE dropping, respectively.
Table 7 HetNets UL Bursty Traffic Performance with 37dBm LPN and Uniform UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0%
	-1%
	15%
	4%
	46%
	20%
	271%
	158%
	13%

	2
	HetNet 
3dB CIO 
0dB LPN UL Padding
	5%
	3%
	27%
	3%
	85%
	31%
	537%
	442%
	23%

	4
	HetNet 
3dB CIO 
0dB LPN UL Padding
	6%
	-1%
	33%
	4%
	122%
	49%
	826%
	695%
	39%


Table 8 RoT Statistics with 37dBm LPN and Uniform UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.9
	1.1
	1.5
	1.7
	3.1
	3.6
	7.7
	8.0

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.7
	1.0
	1.1
	1.5
	1.9
	2.8
	4.6
	7.1

	2
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.4
	7.7
	8.0

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.6
	0.9
	0.9
	1.4
	1.4
	2.3
	2.9
	5.2

	4
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.5
	7.6
	8.0

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.5
	0.8
	0.7
	1.2
	1.0
	1.8
	1.8
	3.6


It is obvious to see that, compared to 50% cluster UE dropping; uniform UE dropping results in fewer percentages of UEs being offloaded to LPNs. Offloading percentage is an important metric that determines the gains from LPN deployment. As a result, we see smaller system performance improvement under uniform UE dropping as compared to 50% cluster UE dropping.

Furthermore, unlike the 50% cluster simulation where the UE distribution is adjusted according to the LPN transmit power, in uniform dropping, deploying LPNs with larger transmit power provides more UE offloading compared to LPNs with low transmit power. As a result, large transit power LPN deployment offers significantly higher system performance gain for uniform UE dropping.

It is important to emphasize that the deployment of HetNet is targeted for performance improvements when the system is capacity limited, or equivalently speaking highly loaded, in the pure Macro only system. As we observe from the simulation results, the performance improvements from HetNet deployment dramatically increase as the load in the system increases. At extremely low load scenario, HetNet deployment does not provide noticeable performance improvement.

Table 9 HetNets UL Bursty Traffic Performance with 30dBm LPN and Uniform UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
6dB LPN UL Padding
	1%
	1%
	5%
	1%
	20%
	6%
	130%
	44%
	5%

	2
	HetNet 
3dB CIO 
6dB LPN UL Padding
	4%
	1%
	14%
	1%
	37%
	11%
	249%
	146%
	10%

	4
	HetNet 
3dB CIO 
6dB LPN UL Padding
	2%
	-2%
	17%
	3%
	66%
	29%
	500%
	416%
	19%


Table 10 RoT Statistics with 30dBm LPN and Uniform UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.9
	1.1
	1.5
	1.7
	3.1
	3.6
	7.7
	8.0

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.8
	1.1
	1.3
	1.7
	2.3
	3.3
	5.3
	7.7

	2
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.4
	7.7
	8.0

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.8
	1.0
	1.0
	1.6
	1.8
	2.8
	4.1
	7.2

	4
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.5
	7.6
	8.0

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.7
	1.0
	0.8
	1.4
	1.3
	2.4
	2.5
	5.4


Table 11 HetNets UL Bursty Traffic Performance with 24dBm LPN and Uniform UE Dropping

	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro
	Offloading Percentage
(%)

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

	1
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0%
	0%
	3%
	-1%
	9%
	3%
	62%
	18%
	3%

	2
	HetNet 
3dB CIO 
12dB LPN UL Padding
	1%
	1%
	5%
	0%
	15%
	3%
	105%
	46%
	4%

	4
	HetNet 
3dB CIO 
12dB LPN UL Padding
	-1%
	0%
	11%
	2%
	30%
	13%
	209%
	129%
	8%


Table 12 RoT Statistics with 24dBm LPN and Uniform UE Dropping
	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)
	Mean RoT
(dB)
	90% RoT
(dB)

	1
	Baseline
	0.9
	1.1
	1.5
	1.7
	3.1
	3.6
	7.7
	8.0

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.9
	1.1
	1.4
	1.7
	2.7
	3.5
	5.8
	7.9

	2
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.4
	7.7
	8.0

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.8
	1.1
	1.2
	1.7
	2.3
	3.1
	5.1
	7.8

	4
	Baseline
	0.9
	1.1
	1.5
	1.8
	3.0
	3.5
	7.6
	8.0

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.8
	1.0
	1.1
	1.6
	1.8
	2.8
	3.8
	7.2


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. Below is a summary of our observations:
· LPN deployment significantly improves both the average user experience (average burst rate) and worst case user experience (5% burst rate)

· Given the same UE location, the performance gain from LPN deployment improves with the number of LPNs being deployed, LPN being deployed with larger transmit power, LPN being deployed in hotspot where more UEs are present and LPN being deployed in highly loaded system.

· Even with the 50% clustering of users around LPNs used in these simulations, LPNs are still much less loaded compared to Macro nodes. 
Proposal: The results presented in this contribution are captured in the TR.
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