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1
Introduction

The purpose of this contribution is to provide one more performance metric in addition to the four metrics provided in our previous contribution [3], namely average UE bursty rate, 5% UE burst rate, offloading percentage and RoT statistics. The simulation assumptions are the same as described in [3].

The additional performance metric provided in this contribution is the percentage of UEs that are in outage. A UE is defined to be in outage if its average burst rate is lower than the offered load (offered load is 100kbps per UE for UL in the simulation assumptions [2]).

It is important to note that the bursty traffic model used in HetNet simulation [2] is an “open loop” model. The arrival of the burst follows the pre-defined statistic model, irrespective of the current queue status (length), as well as the UE physical layer supportable data rate. The computation of burst rate, as defined in [2], considers both the over the air transmission delay and the queuing delay. Given such a bursty traffic model, as we increase the number of UEs in the system, each UE has less chance of being scheduled by the NodeB, hence its physical layer supportable data rate reduces. When the UE physical layer supportable data rate becomes lower than the offered load from the bursty traffic source, the UE starts to have an unstable queue, i.e. the queue starts to build up and the queue length keeps increasing as the simulation goes. Under such an unstable queue, the later burst that arrives at the queue observes increasingly larger queuing delay, consequently, smaller and smaller burst rate. As a result, for the UEs whose physical layer supportable data rate (average burst rate) is lower than the offered load, their burst rate eventually approach zero as the simulation time increases.

Based on the above explanation, for the UEs whose average burst rate is lower than the offered load, their queues are not stable and should be characterized as in outage. When we compare the system performance between the baseline Macro only system and the HetNet systems, it is also good to show the percentage of UEs that are in outage. 

2
Simulation Results for 50% Clustering UE Dropping

Table 1, Table 2 and Table 3 shows the percentage of UEs that are in outage for baseline Macro only deployment and HetNet deployment with 50% clustering UE dropping and 37dBm, 30dBm, 24dBm LPNs, respectively. Clearly, we observe significant performance benefit from HetNet deployment as HetNet deployment helps the system to support higher load by lowering the percentage of UEs that are in outage.

Note that for the baseline Macro only deployment, to make the fair comparison to the HetNet deployment, we make sure the UEs are dropped at the same locations before and after the LPN deployment. Hence, for different LPN density with Hotspot dropping, the percentage of UEs that are in outage is lightly different even in the baseline case. 

In Table 1, we show that for the baseline Macro only deployment, if we load the system with 8 UEs per Macro geographic area, each UE has bursty traffic of 100kbps, and the system is stable as no UE is in outage. However, as we increase the system load to 16 UEs per Macro geographic area, the system becomes unstable as around 90% UEs are in outage, i.e. their physical layer supportable rate is lower than their offered load. When LPNs are deployed in the system, UEs are offloaded from Macro to LPNs which helps the system to support higher load. At 16 UEs per Macro geographic area, LPN deployment does not see any UE in outage. 
We observe a similar improvement for all different LPN power settings under 50% clustering UE dropping. 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 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	87.1%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.0%

	2
	Baseline
Macro only
	 
	0.0%
	0.0%
	89.6%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	0.0%
	0.0%
	0.0%

	4
	Baseline
Macro only
	 
	 
	0.0%
	95.0%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	 
	 
	0.0%
	0.0%


Table 2 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	88.2%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.0%

	2
	Baseline
Macro only
	 
	0.0%
	0.0%
	90.9%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	0.0%
	0.0%
	0.0%

	4
	Baseline
Macro only
	 
	 
	0.0%
	94.5%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	 
	 
	0.0%
	0.0%


Table 3 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	87.0%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.0%

	2
	Baseline
Macro only
	 
	0.0%
	0.0%
	92.2%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	0.0%
	0.0%
	0.0%

	4
	Baseline
Macro only
	 
	 
	0.0%
	95.7%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	 
	 
	0.0%
	0.0%


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, Table 5 and Table 6 show the percentage of UEs that are in outage for a HetNet deployment with uniform UE dropping and 37dBm, 30dBm and 24dBm LPNs, respectively.

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, as shown in [3]. Offloading percentage is an important metric that determines the gains from LPN deployment. As a result, we see smaller percentage of UEs that are in outage under uniform UE dropping as compared to 50% cluster UE dropping. However, for many cases, the system is still in outage with HetNet especially when small number (1, 2) LPNs are deployed per Macro geographic area.
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 lower percentage of UEs that are in outage for uniform UE dropping.

Table 4 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	94.2%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	20.5%

	2
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	93.2%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.0%

	4
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	90.8%

	
	HetNet 
3dB CIO 
0dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.0%


Table 5 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	94.2%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	66.4%

	2
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	93.2%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	28.1%

	4
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	92.2%

	
	HetNet 
3dB CIO 
6dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	0.7%


Table 6 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

	
	
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage
	Outage UE
Percentage

	1
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	94.2%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	83.6%

	2
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	93.2%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	73.1%

	4
	Baseline
Macro only
	0.0%
	0.0%
	0.0%
	92.2%

	
	HetNet 
3dB CIO 
12dB LPN UL Padding
	0.0%
	0.0%
	0.0%
	33.5%


4
Conclusion

In this contribution, we have provided the percentage of UEs that are in outage as performance metric for HetNets Single Carrier Co-channel deployment, focusing on the busty buffer traffic mode. Below is a summary of our observations:

· LPN deployment significantly reduces the percentage of UEs that are in outage. We define outage UEs as the UEs who cannot support the offered load of 100kbps.

· 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.
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