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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 initial simulation results of downlink 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. 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 choose the channel model to be PA3. Since HetNet deployment benefits the system performance mostly through offloading, we do not expect the gain to be very sensitive to the channel model. 
· We only consider the SIMO case.

· 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 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 during clustering dropping.
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.
· Average TTI utilization: For each cell, the TTI utilization is defined as the percentage of TTIs during which each 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.
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. 
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. 
As observed from the simulation results, even with 50% clustering UE dropping, in general, LPNs are still less loaded compared to Macro nodes. To offload more UEs from Macro nodes to LPNs, cell individual offset (CIO) can be applied to bias towards the LPNs during serving cell selection. On the other hand, a large CIO setting can degrade the geometry of the UEs that are offloaded to the LPNs, therefore, reducing their peak rate.

In general, without advanced receivers which are capable of performing excellent interference cancellation (normally in a non-linear form), applying a large CIO may hurt HetNet deployment performance [3]. In the simulation, we compare CIO settings of 0 and 3dB. It is important to emphasize that our simulation assumes type3i receivers with realistic implementation. 

We observe from the results in Table 1 that, compared to 0dB CIO, 3dB CIO helps to offload more UEs from the Macros to LPNs. As a result, the gain from HetNet deployment improves. For example, with 4 LPNs per Macro, 3dB CIO helps improves the offloading percentage from 39% to 51% compared to 0dB CIO. For 16 UE/Macro, the average burst rate gain improves from 161% to 185% while the 5% burst rate gain improves from 523% to 704%. 

Another thing to point out regarding CIO setting is that, when the system is extremely lightly loaded, the user experience (burst rate) only relies on geometry, of the UE. As 3dB CIO setting forces some of the UEs to be served by LPNs even though Macro could be a stronger cell. Those UEs will experience a lower geometry. Therefore, for extremely lightly loaded system, it is expected to see a 3dB CIO setting performs worse than a 0dB CIO setting.

It is also important to note that, the system performance improvement from a HetNet deployment mostly comes from offloading. Given the current simulation assumption, 500m ISD, the system is interference limited. LPN deployment does not have significant improvement on the UE geometry distribution as the system is still interference limited. For the burst traffic simulation, there are two extremes.

· One extreme is that the system is sparsely loaded. In this case, the UE burst rate is close to the UE peak rate, since, statistically speaking, the UE does not need to compete with other UEs when burst arrives. As a result, the gain from LPN deployment is very limited.

· The other extreme is that the system is heavily loaded. In this case, the UE burst rate gain not only relies on the UE geometry, but also highly relies on the loading of the cell. LPN deployment helps reduce the loading for each cell, and therefore, significantly improves the UE burst rate.

Table 1 HetNets DL 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 0dB CIO
	6%
	14%
	12%
	14%
	33%
	93%
	102%
	210%
	25%

	
	HetNet 3dB CIO
	6%
	6%
	13%
	10%
	37%
	104%
	118%
	350%
	32%

	2
	HetNet 0dB CIO
	 
	 
	14%
	14%
	35%
	66%
	129%
	283%
	31%

	
	HetNet 3dB CIO
	 
	 
	15%
	11%
	40%
	79%
	153%
	510%
	40%

	4
	HetNet 0dB CIO
	 
	 
	 
	 
	39%
	57%
	161%
	523%
	39%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	44%
	57%
	185%
	704%
	51%


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

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	11%
	0%
	25%
	0%
	58%
	0%
	95%
	0%

	
	HetNet 0dB CIO
	9%
	5%
	18%
	10%
	39%
	17%
	84%
	35%

	
	HetNet 3dB CIO
	8%
	6%
	15%
	12%
	33%
	23%
	75%
	50%

	2
	Baseline
	 
	 
	24%
	0%
	57%
	0%
	96%
	0%

	
	HetNet 0dB CIO
	 
	 
	16%
	7%
	35%
	13%
	78%
	23%

	
	HetNet 3dB CIO
	 
	 
	14%
	9%
	27%
	16%
	66%
	34%

	4
	Baseline
	 
	 
	 
	 
	57%
	0%
	97%
	0%

	
	HetNet 0dB CIO
	 
	 
	 
	 
	31%
	9%
	71%
	19%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	21%
	12%
	54%
	25%


As we discussed before, the loading on each cell can be quantified as the average TTI utilization. Table 2 shows the average TTI utilization with deployment of 37dBm LPNs and 50% clustering UE dropping. For example, if we look at the LPN density of 4. In the baseline, at a loading of 57% on the Macro (8 UE/Macro, see Table 2), deploying LPNs with 3dB CIO provides average burst gain of 44% and 5% burst rate gain of 57% (see Table 1). When we increase the loading to 97% in baseline (16 UE/Macro), deploying LPNs with 3dB CIO provides much higher benefit, average burst gain reaches 185% and 5% burst rate gain reaches 704%. We can also observe the offloading effect of LPNs in the sense that Macro loading reduces with LPN deployment.  

It is also interesting to compare the gain from bursty traffic mode to the gain from full buffer traffic model [4]. In [4], we show that with 4 LPNs/Macro and 16 UEs/Macro, we observe average UE throughput gain of 188% and 5% UE throughput gain of 45% for full buffer traffic. With bursty traffic, the average burst rate gain is 185% and 5% burst rate gain is 704%. The 5% performance gain is much higher for bursty traffic than full buffer traffic.

Table 3 and Table 4 show the UE burst rate improvement and average TTI utilization, 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 average TTI utilization, 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 DL 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 0dB CIO
	4%
	8%
	11%
	16%
	34%
	97%
	108%
	161%
	23%

	
	HetNet 3dB CIO
	4%
	-3%
	12%
	21%
	38%
	110%
	126%
	312%
	30%

	2
	HetNet 0dB CIO
	 
	 
	13%
	19%
	33%
	65%
	125%
	313%
	27%

	
	HetNet 3dB CIO
	 
	 
	14%
	18%
	39%
	75%
	147%
	546%
	35%

	4
	HetNet 0dB CIO
	 
	 
	 
	 
	36%
	81%
	154%
	453%
	30%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	42%
	90%
	191%
	879%
	39%


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

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	11%
	0%
	25%
	0%
	59%
	0%
	96%
	0%

	
	HetNet 0dB CIO
	9%
	5%
	18%
	8%
	39%
	17%
	84%
	35%

	
	HetNet 3dB CIO
	8%
	7%
	15%
	11%
	34%
	23%
	76%
	48%

	2
	Baseline
	 
	 
	24%
	0%
	56%
	0%
	96%
	0%

	
	HetNet 0dB CIO
	 
	 
	17%
	6%
	37%
	10%
	80%
	21%

	
	HetNet 3dB CIO
	 
	 
	14%
	7%
	31%
	13%
	72%
	29%

	4
	Baseline
	 
	 
	 
	 
	56%
	0%
	98%
	0%

	
	HetNet 0dB CIO
	 
	 
	 
	 
	34%
	8%
	80%
	15%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	27%
	9%
	65%
	21%


Table 5 HetNets DL 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 0dB CIO
	8%
	5%
	14%
	26%
	37%
	96%
	113%
	256%
	25%

	
	HetNet 3dB CIO
	8%
	1%
	15%
	26%
	40%
	102%
	132%
	404%
	31%

	2
	HetNet 0dB CIO
	 
	 
	17%
	29%
	40%
	88%
	130%
	304%
	27%

	
	HetNet 3dB CIO
	 
	 
	18%
	31%
	44%
	100%
	155%
	497%
	33%

	4
	HetNet 0dB CIO
	 
	 
	 
	 
	31%
	67%
	130%
	366%
	26%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	38%
	80%
	157%
	617%
	34%


Table 6 Average TTI utilization with 24dBm LPNs and 50% Clustering UE Dropping

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

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	11%
	0%
	24%
	0%
	60%
	0%
	96%
	0%

	
	HetNet 0dB CIO
	8%
	4%
	17%
	8%
	39%
	15%
	83%
	38%

	
	HetNet 3dB CIO
	8%
	5%
	15%
	10%
	34%
	19%
	76%
	49%

	2
	Baseline
	 
	 
	25%
	0%
	56%
	0%
	97%
	0%

	
	HetNet 0dB CIO
	 
	 
	16%
	5%
	35%
	9%
	81%
	21%

	
	HetNet 3dB CIO
	 
	 
	15%
	6%
	30%
	11%
	72%
	28%

	4
	Baseline
	 
	 
	 
	 
	55%
	0%
	97%
	0%

	
	HetNet 0dB CIO
	 
	 
	 
	 
	37%
	7%
	81%
	14%

	
	HetNet 3dB CIO
	 
	 
	 
	 
	30%
	8%
	72%
	17%


Overall, we summarize our observation as follows:

· We observe significant performance benefit from HetNet deployment in terms of improvement in both the average user experience (average burst rate) and the worse case user experience (5% burst rate)

· Compared to full buffer, bursty traffic shows much higher tail user experience gain, especially for highly loaded system 

· Compared to a CIO of 0dB, applying a moderate CIO of 3dB allows more UEs to be offloaded to LPN, which in turn improves the HetNet deployment performance gain at medium to high load.

· Deploy more LPNs allows more UEs to be offloaded to the LPNs, which in turn improves the HetNet deployment performance gain.

· In general, even with 50% clustering UE dropping, we still observe LPNs to be less loaded as compared to Macro nodes. 
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 average TTI utilization for a HetNet deployment with 37dBm LPNs and uniform UE dropping, respectively. Table 9 and Table 10 show the UE burst rate improvement and average TTI utilization for a HetNet deployment with 30dBm LPNs and uniform UE dropping, respectively. Table 11 and Table 12 show the UE burst rate improvement and average TTI utilization for a HetNet deployment with 24dBm LPNs and uniform UE dropping, respectively.
Table 7 HetNets DL 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 0dB CIO
	1%
	-1%
	3%
	6%
	10%
	22%
	31%
	13%
	9%

	
	HetNet 3dB CIO
	1%
	-8%
	4%
	4%
	12%
	22%
	39%
	26%
	13%

	2
	HetNet 0dB CIO
	0%
	-3%
	4%
	5%
	14%
	18%
	67%
	72%
	17%

	
	HetNet 3dB CIO
	0%
	-16%
	5%
	1%
	19%
	25%
	83%
	136%
	24%

	4
	HetNet 0dB CIO
	-1%
	-13%
	6%
	6%
	24%
	55%
	113%
	279%
	28%

	
	HetNet 3dB CIO
	-2%
	-21%
	6%
	1%
	28%
	63%
	136%
	463%
	38%


Table 8 Average TTI utilization with 37dBm LPN and Uniform UE Dropping

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

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	14%
	0%
	25%
	0%
	56%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	13%
	7%
	23%
	8%
	50%
	13%
	92%
	23%

	
	HetNet 3dB CIO
	12%
	10%
	21%
	12%
	46%
	23%
	90%
	41%

	2
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	12%
	6%
	19%
	8%
	44%
	12%
	89%
	21%

	
	HetNet 3dB CIO
	10%
	9%
	18%
	12%
	38%
	19%
	84%
	34%

	4
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	12%
	5%
	17%
	7%
	36%
	11%
	79%
	19%

	
	HetNet 3dB CIO
	10%
	7%
	15%
	9%
	29%
	14%
	64%
	27%


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 (around 10-20% average Macro TTI utilization in the baseline), there will be a slight loss from HetNet as it introduces additional interference into the system. The loss will be even larger if we add CIO 3dB to force some UEs to be served by LPNs with lower geometry. This observation also matches our expectation and intuition.

Table 9 HetNets DL 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 0dB CIO
	0%
	1%
	1%
	3%
	5%
	16%
	15%
	8%
	4%

	
	HetNet 3dB CIO
	0%
	-11%
	2%
	-1%
	6%
	15%
	19%
	13%
	6%

	2
	HetNet 0dB CIO
	0%
	-1%
	1%
	2%
	6%
	4%
	28%
	24%
	7%

	
	HetNet 3dB CIO
	0%
	-2%
	3%
	0%
	9%
	10%
	41%
	51%
	11%

	4
	HetNet 0dB CIO
	-1%
	-4%
	2%
	3%
	11%
	27%
	53%
	79%
	14%

	
	HetNet 3dB CIO
	-2%
	-6%
	4%
	0%
	16%
	39%
	70%
	149%
	20%


Table 10 Average TTI utilization with 30dBm LPN and Uniform UE Dropping

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

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	14%
	0%
	25%
	0%
	56%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	13%
	5%
	24%
	7%
	54%
	10%
	93%
	16%

	
	HetNet 3dB CIO
	13%
	10%
	23%
	11%
	52%
	15%
	93%
	28%

	2
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	12%
	6%
	21%
	7%
	50%
	9%
	92%
	15%

	
	HetNet 3dB CIO
	12%
	8%
	20%
	10%
	46%
	15%
	90%
	27%

	4
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	12%
	6%
	20%
	7%
	45%
	11%
	89%
	17%

	
	HetNet 3dB CIO
	11%
	7%
	17%
	10%
	39%
	15%
	84%
	25%


Table 11 HetNets DL 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 0dB CIO
	0%
	-1%
	0%
	3%
	2%
	7%
	6%
	5%
	2%

	
	HetNet 3dB CIO
	0%
	0%
	1%
	0%
	3%
	11%
	9%
	7%
	3%

	2
	HetNet 0dB CIO
	-1%
	4%
	0%
	4%
	3%
	5%
	13%
	16%
	3%

	
	HetNet 3dB CIO
	-1%
	4%
	1%
	2%
	4%
	5%
	17%
	20%
	4%

	4
	HetNet 0dB CIO
	-2%
	-5%
	0%
	1%
	3%
	7%
	21%
	25%
	5%

	
	HetNet 3dB CIO
	-1%
	-7%
	2%
	2%
	6%
	18%
	33%
	39%
	10%


Table 12 Average TTI utilization with 24dBm LPN and Uniform UE Dropping
	LPN
Density
	Scenario
	2 UE/Macro
	4 UE/Macro
	8 UE/Macro
	16 UE/Macro

	
	
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	1
	Baseline
	14%
	0%
	25%
	0%
	56%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	13%
	6%
	25%
	6%
	55%
	11%
	94%
	15%

	
	HetNet 3dB CIO
	13%
	8%
	24%
	9%
	54%
	15%
	93%
	22%

	2
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	13%
	5%
	22%
	6%
	52%
	8%
	93%
	15%

	
	HetNet 3dB CIO
	13%
	6%
	22%
	7%
	51%
	10%
	92%
	22%

	4
	Baseline
	13%
	0%
	23%
	0%
	53%
	0%
	94%
	0%

	
	HetNet 0dB CIO
	12%
	7%
	22%
	7%
	51%
	9%
	92%
	15%

	
	HetNet 3dB CIO
	12%
	9%
	21%
	9%
	48%
	14%
	90%
	23%


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)

· Compared to full buffer, bursty traffic shows significantly higher tail user experience gain, especially for highly loaded system.
· 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.

· Compared to a CIO of 0dB, applying a moderate CIO of 3dB allows more UEs to be offloaded to LPNs, which in turn improves the HetNet deployment performance gain, especially at high load.
· Even with the 50% clustering of users around LPNs used in these simulations, LPNs are still much less loaded compared to Macro nodes. 
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