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1. Introduction 
In co-channel scenarios, uplink interference issue could limit the performance of HetNet deployments as analyzed in [1], [2] and [3]. Some simulation results based on the agreed system simulation assumptions were given in [2] and [3]. In this paper, we give the bursty traffic system simulation results.
2. System simulation results for Bursty traffic
System simulation for uplink bursty traffic is performed. Table 1 lists the main parameters and Table 2 lists the uplink bursty traffic model. The UE selects the serving cell based on Ec/N0 in downlink CPICH.

Table 1 Parameters for UL simulation
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	8 ,16UEs 

	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
	Randomly and uniformly distributed within a macro cell

	Dropping criteria for UEs
	Random

1/2 Hotspot

	CIO of LPN
	3dB 

	Target RoT for both macro and LPN
	6dB

	Noise Figure of the Node B
	5 dB


Table 2: Uplink bursty traffic model

	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.0625 Mbytes

Std. Dev. = 0.0225 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
	[image: image5.wmf](

)

10.982

,

35

.

0

0

,

2

2

ln

2

exp

2

1

=

=

ú

ú

û

ù

ê

ê

ë

é

³

-

-

=

m

s

s

m

s

p

x

x

x

x

f




Table 3 and Figure 1 show the simulation results of 1/2 hotspot dropping criteria for 8UEs and CIO=3 is used.
Table 3 Simulation results for 8UE hotspot dropping criteria
	LPN Power
	LPN Num
	CIO
(dB)
	Noise Figure difference (dB)
	UE Burst rate Gain
	RoT
	Offloading Percentage
(%)

	
	
	
	
	Average (%)
	Median (%)
	Edge (%)
	Baseline (dB)
	Macro
(dB)
	LPN
(dB)
	

	37dBm
	1
	3
	0
	47
	49
	57
	2.94
	1.26
	0.63
	32

	
	2
	3
	0
	58
	59
	78
	
	1.06
	0.41
	39

	
	4
	3
	0
	72
	72
	101
	
	0.80
	0.29
	51

	30dBm
	1
	3
	0
	47
	45
	38
	
	1.16
	0.72
	32

	
	2
	3
	0
	61
	56
	62
	
	1.01
	0.38
	35

	
	4
	3
	0
	70
	65
	82
	
	0.87
	0.28
	42


Table 3 summarizes the burst rate results, RoT and offloading percentage for 30dBm and 37dBm. We can see that for a given LPN transmit power, when the number of LPNs is increased, the UE offloading percentage is increased. In addition, the RoT of Macro and LPN is decreased as the number of LPN is increased. LPN with 37dBm transmit power is able to associate more UEs.
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Figure 1 The UE burst rate gain in hotspot deployment for 8UEs
In Figure 1, the Y-axis indicates the gain of UE average burst rate, median burst rate and edge burst rate respectively. The baseline is the burst rate when no LPN placed in the macro area and 8 UEs in each macro cell. The median burst rate is 50%-tile point of the UE burst rate CDF and the cell edge burst rate is 5%-tile point of the UE burst rate CDF.
From Figure 1, we can observe that with the increase of LPN number within macro area, the average burst rate, median burst rate and edge burst rate are increased. And the performance will be better when enlarging the Tx power of LPNs. 
Table 4 and Figure 2 show the simulation results of 1/2 hotspot dropping criteria for 16UEs and CIO=3 is used.
Table 4 Simulation results for 16UE hotspot dropping criteria
	LPN Power
	LPN Num
	CIO
(dB)
	Noise Figure difference (dB)
	UE Burst rate Gain
	RoT
	Offloading Percentage
(%)

	
	
	
	
	Average (%)
	Median (%)
	Edge (%)
	Baseline (dB)
	Macro
(dB)
	LPN
(dB)
	

	37dBm
	1
	3
	0
	244
	235
	352
	5.61
	4.05
	2.39
	31

	
	2
	3
	0
	335
	318
	511
	
	3.64
	1.64
	37

	
	4
	3
	0
	459
	505
	857
	
	2.85
	1.15
	51

	30dBm
	1
	3
	0
	216
	221
	379
	
	3.70
	3.37
	31

	
	2
	3
	0
	299
	298
	478
	
	3.60
	2.42
	32

	
	4
	3
	0
	419
	428
	731
	
	2.88
	1.54
	41


Table 4 summarizes the burst rate results, RoT and offloading percentage for 30dBm and 37dBm. We can see that higher offloading can be achieved with a higher number of LPNs and transmit power. For a given LPN transmit power, more LPN could achieve higher performance gain. RoT is reduced when the number of LPN increases. For a given number of LPN, higher LPN power could achieve higher performance gain. Compared with table 3, the offloading percentage is similar. However, the RoT of 16 UE is larger than the RoT of 8 UE. This is because more UE is served by the network.
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Figure 2 The UE burst rate gain in hotspot deployment for 16 UEs
In Figure 2, the baseline is the burst rate of Macro only, 16 UEs per Macro.
Comparing Figure 2 with Figure 1, we can see large burst rate gain in the scenario with 16 UEs. This is because the load with 16UEs is high, and the deployment of LPN will bring significant offloading gain. The wait time for UE to be scheduled is decreased and the burst rate of UE is increased after the deployment of LPNs. While for 8UE, the load is not that high and there is sufficient resource for the UE even for the Macro only scenario. So the offloading gain introduced from LPN deployment is not large.
3. Conclusions

From the system simulation results we can conclude that:

· Increasing the number of LPNs per macro area will increase the uplink burst rate in HetNet scenarios.

· Enlarging the transmit power of LPNs will increase the uplink burst rate in HetNet scenarios.
· Deployment of LPN is beneficial in high load scenarios.
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