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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 interference scenarios for co-channel deployment in full buffer mode. The alignment of the DL simulation results has been discussed in [2], and a summary of the results can be found in [3]. Results for co-channel deployment with full buffer are shown in [4].
2. Simulation results
2.1 Dropping LPNs randomly and uniformly
2.1.1 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 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
	Type3
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Figure 1 Percentage of UEs served by LPNs (random deployment)
In Figure 1, the X-axis indicates the number of LPNs per macro area. The Y-axis indicates the percentage of UEs served by LPNs. When UEs are placed randomly and uniformly within the macro area, by placing 4 LPNs with 37dBm transmit power within the macro coverage, more than 1/3 of the UEs are offloaded to the LPNs. 
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Figure 2 Throughput 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 percentages of average, median and edge throughput. The baseline is the throughput when no LPNs are placed in the macro area. The median throughput is 50%-tile point of the UE throughput CDF and the cell edge throughput is 5%-tile point of the UE throughput CDF. 
From Figure 2, we observe that by placing LPNs within the macro area, the average, median and edge throughputs increase significantly, and performance improves when increasing the number of LPNs per macro area and/or increasing the transmit power of the LPNs.

The cell edge throughput gains are all significantly less than those of the average throughput. This is because adding LPNs in the macro coverage areas introduces more interference and the interference has a more significant impact on cell edge UEs.
Table 2 summarizes the throughput results and offloading percentage for 30dBm and 37dBm. The percentage of offloaded UEs increases if more LPNs are deployed within macro cell coverage, and if the transmit power of the LPN is higher.
Table 2 Simulation results for random deployment
	LPN Power
	LPN Num
	RE
	HetNet UE Throughput
	Offloading Percentage

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

	
	
	
	
	
	
	

	37dBm
	1
	3
	813.49
	566.54
	212.45
	12.45%

	
	2
	3
	1145.8
	706.18
	244.74
	23.63%

	
	4
	3
	1669.9
	976.15
	311.15
	38.98%

	30dBm
	1
	3
	699.06
	507.82
	200.33
	5.40%

	
	2
	3
	870.95
	571.54
	218.62
	11.21%

	
	4
	3
	1154.2
	698.22
	249.13
	18.61%


2.1.2 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
	Type3
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Figure 3 Percentage of UEs served by LPNs (hotspot deployment)
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Figure 4 Throughput percentage in hotspot deployment

Figures 3 and 4 for hotspot deployment show similar trends to what found in random deployment. The percentage of UEs served by LPNs is higher in hotspot deployment than in random deployment. From Figure 3, in hotspot deployment, if placing 4 LPNs of 37dBm, more than 50% of UEs are offloaded to LPN coverage while for random deployment the percentage is less than 40%. Benefited from the higher offloading percentage, the average, median and edge throughputs are all significantly higher than those in random deployment.
Table 4 summarizes the throughput results and offloading percentage for 30dBm and 37dBm. The percentage of offloaded UEs increases if more LPNs are deployed within a macro cell coverage, and if the transmit power of the LPN is higher. Comparing with random deployment, higher gains can be achieved in hotspot deployment. 

Table 4 Simulation results of hotspot deployment

	LPN Power
	LPN Num
	RE
	 HetNetUE Throughput
	Offloading Percentage

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

	
	
	　
	
	
	
	　

	37dBm
	1
	3
	978.31
	733.47
	278.46
	31.09%

	
	2
	3
	1337.5
	923.91
	323.62
	41.28%

	
	4
	3
	1818
	1195.5
	393.65
	50.96%

	30dBm
	1
	3
	947.14
	737.77
	268.63
	29.77%

	
	2
	3
	1279.4
	884.6
	292.23
	32.70%

	
	4
	3
	1702.2
	1001
	321
	38.41%


2.1.3 Different RE values
Table 5 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 5 Parameters for different RE 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

	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
	0/3/6/9dB 

	UE receiver
	Type3
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Figure 5 Percentage of UEs served by LPNs (different RE values)
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Figure 6 Throughput percentage with different RE values
From Figure 5, we observe that the offloading percentage increases by enlarging the RE CIO parameter. However, the higher offloading percentage has a different impact on average throughput, median throughput and edge throughput. This is because of the interference introduced by placing LPNs. Enlarging the RE value may offload more UEs to LPN coverage. However, the new LPN UEs located at the edge of the LPN coverage experience worse radio conditions. The interference from macro cell to LPN UE has a more significant impact on LPN edge UEs
Table 6 summarizes the throughput results and offloading percentage for 30dBm and 37dBm, for different RE values.
Table 6 Simulation results with different RE values for random deployment
	LPN Power
	LPN Num
	RE
	 HetNet UE Throughput
	Offloading Percentage

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

	
	
	　
	
	
	
	　

	37dBm
	1
	0
	812.08
	533.87
	199.49
	9.40%

	
	1
	3
	813.49
	566.54
	212.45
	12.45%

	
	1
	6
	787.57
	586.9
	229.38
	18.09%

	
	1
	9
	782.77
	646.47
	159.04
	24.86%

	30dBm
	1
	0
	680.04
	471.95
	195.21
	3.62%

	
	1
	3
	699.06
	507.82
	200.33
	5.40%

	
	1
	6
	692.24
	531.35
	206.73
	7.73%

	
	1
	9
	702.89
	547.41
	206.25
	11.32%


2.2 Dropping LPNs based on RSCP
Table 7 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 7 special Parameters for different RE 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

	Dropping criteria for LPNs
	LPNs are deployed according to the received CPICH RSCP of the macro cell: 

CPICH RSCP = TxPow_CPICH + AntGain - PL – PenLoss

TxPow_CPICH is the CPICH tx power of macro cell (33dBm)
AntGain is the antenna gain
PL is large scale fading calculated according to path loss model
PenLoss is the penetration loss
The deployment of LPNs will be labelled as centre, near, middle, far, edge, from the macro cell depending on the CPICH RSCP value, P(dBm).

P=-66dBm, near (1/3 of distance centre-edge of the macro cell) 

P=-74dBm, middle (1/2)

P=-80dBm, far (2/3)



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

	RE of LPN
	3dB 

	UE receiver
	Type3
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Figure 7 Percentage of UEs served by LPNs (target RSCP deployment)
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Figure 8 Throughput percentage in target RSCP deployment

In Figure 8, the X-axis indicates the LPN transmit power and the target RSCP values. The Y-axis indicates the throughput percentage.
From Figure 7, we observe that the offloading percentage would be increased significantly by placing LPNs far away from the macro center because of the interference from macro NodeB. In Figure 8, benefited from the higher offloading  percentage, the downlink average throughput, median throughput and edge throughput are all increased significantly. 

Table 8summarizes the throughput results and offloading percentage for 30dBm and 37dBm. The LPN coverage reduces when deployed closer to the macro cell center.
Table 8 Simulation results of different target RSCP values

	LPN Power
	LPN Num
	RE
	LPN position
	HetNetUE Throughput
	Offloading Percentage

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

	
	
	
	
	
	
	
	

	37dBm
	1
	3
	near
	697.78
	495.83
	204.47
	7.79%

	
	1
	3
	middle
	816.75
	555.8
	207.12
	11.98%

	
	1
	3
	far
	870.05
	287.38
	220.66
	14.75%

	30dBm
	1
	3
	near
	618.63
	469.18
	187.63
	2.93%

	
	1
	3
	middle
	674.63
	487.99
	198.51
	4.85%

	
	1
	3
	far
	757.92
	533.44
	201.8
	7.76%


3. Conclusion
In this document, we have shown downlink system simulation results in full buffer mode. From the above analysis, we can conclude that:
· Increasing the number of LPNs per macro area increases the downlink throughput in HetNet scenarios.

· Larger transmit power of LPNs increases the downlink throughput in HetNet scenarios.
· LPN coverage reduces when deployed closer to the macro cell center.
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