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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 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


[image: image1.png]45.00%

40.00%

39.44%
35.00% //
30.00%

25.00% /ZA-33 o e——37dBm
20.00%

19.64% =—30dBm
15.00% 5 o9% /

10.00% L.38%

5.00% 059

0.00% T ' '

1-LPN 2-LPN 4-LPN





Figure 1 Percentage of UEs served by LPNs (random deployment)
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Figure 2 Burst rate percentage 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 percentage 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 placing LPNs in the macro area, especially for average UE burst rate.
Next we consider the TTI Occupy Ratio which is defined as the percentage of TTIs during which each cell schedules a packet to at least one UE. For empty cells the TTI Occupy Ratio is 0, and the TTI Occupy Ratio is averaged over all non-empty cells. 
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Figure 3 Non-empty cell TTI occupy ratio (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 occupy ratio of all non-empty cells, non-empty macro cells and non-empty LPNs. The baseline is the TTI occupy ratio when no LPN is placed in the macro area. 

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
	RE
	 HetNet UE burst rate
	Offloading Percentage

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

	
	
	　
	
	
	
	　

	37dBm
	1
	3
	3192.1
	2271.9
	627.9
	13.99%

	
	2
	3
	4182.5
	3116.9
	839.6
	24.33%

	
	4
	3
	5612.1
	4581
	1415.3
	39.44%

	30dBm
	1
	3
	2730
	1897.4
	577.6
	5.65%

	
	2
	3
	3243.7
	2388.4
	703.8
	11.38%

	
	4
	3
	3860.4
	2830.9
	797.4
	19.64%


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 the agreed assumptions in [1]. The UE selects the serving cell based on CPICH Ec/N0.

Table 3 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 4 Percentage of UEs served by LPNs (hotspot deployment)
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Figure 5 Burst rate percentage in hotspot deployment
From Figure 5, it can be seen that in hotspot deployment higher burst rate percentage can be obtained in average burst rate, median burst rate and edge burst rate. This is because in hotspot deployment more UEs are inside the LPN coverage and the macro cells have lighter load. HetNet UEs are more uniformly served by macro cells and LPN cells.
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Figure 6 Non-empty cell TTI occupy ratio (hotspot deployment)
In Figure 6 shows the average TTI occupy ratio of all non-empty cells, non-empty macro cells and non-empty LPN cells. The TTI occupy Ratio is defined as described in section 2.1. 
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 coverage.
Table 4 Simulation results of hotspot deployment

	LPN Power
	LPN Num
	RE
	 HetNet UE burst rate
	Offloading Percentage

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

	
	
	　
	
	
	
	　

	37dBm
	1
	3
	4685.5
	3687
	1066.7
	29.84%

	
	2
	3
	5652
	4436.8
	1453.6
	38.47%

	
	4
	3
	6836.8
	5904
	2117.8
	51.64%

	30dBm
	1
	3
	4959
	3927.5
	1125.3
	29.46%

	
	2
	3
	5260.7
	4369.9
	1317.4
	32.44%

	
	4
	3
	6151.7
	5342
	1734.3
	40.18%


3. Conclusion
In this document, we have shown the simulation results for downlink in burst traffic mode. From the above analysis, we can conclude that:
· In bursty traffic mode, 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 mode, benefiting from more UEs offloaded to LPNs, the burst rate percentage is more significant in hotspot deployment.
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