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1. Introduction

Simulation assumptions for HSPA Heterogeneous Networks have been agreed in [1]. In this paper, we present simulation results for downlink scenarios for co-channel deployment in bursty traffic. Results for co-channel deployment with full buffer are shown in [2].
2. Simulation results
2.1 Random deployment

Table 1 lists the parameters that are more relevant for the simulations in this section and other parameters are set according to the agreed assumptions in [1]. The burst traffic mode is described in [1]. The UE selects the serving cell based on CPICH Ec/N0.
Table 1 Parameters for random deployment
	Parameters
	Values and comments

	Numbers of  UE per Macro Cell
	Downlink:16 UEs 

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	37dBm，30dBm

	Number of LPNs in a Macro cell
	1/2/4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	Random: UE randomly and uniformly distributed within a macro cell

	RE of LPN
	3dB 

	UE receiver
	Type3i
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Figure 1 Percentage of UEs served by LPNs (random deployment)
[image: image2.png]Random deployment

200% 190%
77%
180% W BurstRateAvgGain
160% M BurstRateMedGain 162
o
I BurstRateEdgeGain
140%
120%
97%
100% 95%
80% oo
o
4%
o
60% 5I%  51% —
44%
40% 8%
o
27%
20% 3%
20% -

1-30dBm 2-30dBm 4-30dBm 1-37dBm

2-37dBm

4-37dBm





Figure 2 Burst rate gains in random deployment
In Figure 2, the X-axis indicates the number of LPNs per macro area and the LPN transmit power. The Y-axis indicates the gains of average burst rate, median burst rate and edge burst rate. The baseline is the burst rate when no LPNs are placed in the macro area. The median burst rate is the 50%-tile point of the UE burst rate CDF and the edge burst rate is the 5%-tile point of the UE burst rate CDF. 
From Figure 2, it can be seen that there are significant gains in burst rate when LPN is deployed, especially for the average UE burst rate. By increasing the transmit power and the number of LPN, higher burst rate gains can be achieved. This growing trend is in line with the growing offloading. By placing 4 37dBm LPNs per macro area, 39% UEs are offloaded to LPNs and then more than 150% average gain in burst rate can be achieved.
Next we consider the TTI utilization which 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. 
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Figure 3 Non-empty cell TTI Utilization percentage (random deployment)
In Figure 3, the X-axis indicates the number of LPNs per macro area and the LPN Tx power. The Y-axis indicates the average TTI utilization percentage of all non-empty cells. The baseline is the TTI utilization percentage when no LPN is placed in the macro area. 

It can be seen that even if placing 4 37dbm LPNs per macro area, the TTI utilization ratio of non-empty LPN is significantly less than those of macro cells. In fact there are some empty LPNs and according to our simulation results, in 4-37dBm scenario, when LPN CIO is 3db about 18% LPNs are empty. So in the 4-37dBm scenario, there is great load imbalance between macro cells and LPNs.
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Figure 4 LPN loading (random deployment)
Table 2 summarizes the burst rate results and offloading percentage for 30dBm and 37dBm. For higher power of LPNs and/or an increasing number of LPNs per macro area, the burst rate percentage increases.
Table 2 Simulation results of random deployment

	LPN Power
	LPN Num
	CIO
	 HetNet UE burst rate gain
	Offloading Percentage

	
	
	(dB)
	Average(%)
	Median(%)
	Edge(%)
	(%)

	
	
	　
	
	
	
	　

	37dBm
	1
	3
	49%
	44%
	23%
	14%

	
	2
	3
	95%
	97%
	64%
	24%

	
	4
	3
	162%
	190%
	177%
	39%

	30dBm
	1
	3
	27%
	20%
	13%
	6%

	
	2
	3
	51%
	51%
	38%
	11%

	
	4
	3
	80%
	79%
	56%
	20%


Table 3 Average TTI utilization in random deployment

	LPN Power
	LPN Num
	CIO
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	
	
	(dB)
	(%)
	(%)

	Baseline
	0
	0
	94%
	

	37dBm
	1
	3
	63%
	32%

	
	2
	3
	48%
	29%

	
	4
	3
	32%
	22%

	30dBm
	1
	3
	68%
	25%

	
	2
	3
	53%
	24%

	
	4
	3
	40%
	19%


2.2 Hotspot deployment

Table 3 lists the parameters that are more relevant for the simulations in this section and other parameters are set according to the agreed assumptions in [1]. The UE selects the serving cell based on CPICH Ec/N0.

Table 4 Parameters for hotspot deployment
	Parameters
	Values and comments

	Numbers of  UE per Macro Cell
	Downlink:16 UEs 


	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	37dBm，30dBm

	Number of LPNs in a Macro cell
	1/2/4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).
Type 1: Photspot = ½ 

The radius r of the LPN is equal to 35m and 60m when the LPN power is 30dBm and 37dBm, respectively.

	RE of LPN
	3dB 

	UE receiver
	Type3i
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Figure 5 Percentage of UEs served by LPNs (hotspot deployment)
 [image: image6.png]hotspot deployment

350%
W BurstRateAvgGain 314%
300% M BurstRateMedGain
m BurstRateEdgeGain 274
250% Y .
239% 219
9 187 1849
200% % o
58% 164Y%
o
150% 149% 146
32% 9% 134%
20% 119%
09%
100% -
50% -
0% - T T .
1-30dBm 2-30dBm 4-30dBm 1-37dBm 2-37dBm 4-37dBm





Figure 6 Burst rate gains in hotspot deployment
From Figure 5, it can be seen that in hotspot deployment significantly higher burst rate gains can be obtained in average, median and edge UE burst rates. This is because in hotspot deployment more UEs are deployed in the LPN coverage, which reduces the load of the macro. The burst rate gain mostly comes from offloading. For example, for the 4 37dBm LPNs scenario, more than 50% UEs are offloaded to the LPNs and 290% average gain in burst rate can be achieved.
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Figure 7 Non-empty cell TTI Utilization percentage (hotspot deployment)
In Figure 6 shows the average TTI Utilization percentage of all non-empty cells. The TTI Utilization percentage is defined in section 2.1. 
In hotspot deployment, the macro cell TTI Utilization percentage is less than that in random deployment and higher performance gain can be observed. This is benefited from the higher offloading ratio in the hotspot deployment. The trend of TTI Utilization percentage is in line with that of LPNs` UE percentage and UE performance.
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Figure 8 LPN loading (hotspot deployment)
Table 4 summarizes the burst rate results and offloading percentage for 30dBm and 37dBm. In hotspot deployment, the burst rate percentage is higher than in random deployment and this is because more UEs are offloaded to LPN.
Table 5 Simulation results of hotspot deployment
	LPN Power
	LPN Num
	CIO
	 HetNet UE burst rate gain
	Offloading Percentage

	
	
	(dB)
	Average(%)
	Median(%) 
	Edge(%)
	(%)

	
	
	　
	
	
	
	　

	37dBm
	1
	3
	119%
	134%
	109%
	30%

	
	2
	3
	164%
	181%
	184%
	38%

	
	4
	3
	219%
	274%
	314%
	52%

	30dBm
	1
	3
	132%
	149%
	120%
	29%

	
	2
	3
	146%
	177%
	158%
	32%

	
	4
	3
	187%
	238%
	239%
	40%


Table 6 Average TTI utilization in hotspot deployment

	LPN Power
	LPN Num
	CIO
	Average Macro TTI Utiliz.
	Average LPN TTI Utiliz.

	
	
	(dB)
	(%)
	(%)

	Baseline
	0
	0
	94%
	

	37dBm
	1
	3
	59%
	43%

	
	2
	3
	43%
	30%

	
	4
	3
	27%
	20%

	30dBm
	1
	3
	72%
	40%

	
	2
	3
	72%
	25%

	
	4
	3
	61%
	17%


3. Conclusion
In this document, we have shown the simulation results for downlink with bursty traffic. From the simulation results, we can conclude that:
· In bursty traffic, increasing the number of LPNs per macro area and/or enlarging the transmit power of LPNs significantly increases the UE burst rate.
· In bursty traffic, benefiting from more UEs offloaded to LPNs, the bursty rate percentage is more significant in hotspot deployment.
Proposal: The simulation results listed in this contribution are included in the TR.
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