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1. Introduction

In RAN1#71 meeting, the simulation assumptions for HSPA Heterogeneous Networks have been agreed [1]. In this paper, we discuss simulation results for downlink interference scenarios for co-channel deployment based on the agreed simulation assumptions.
2. Coverage Issues

2.1 Analysis

Typically, a macro cell downlink transmit power is 43dBm and an LPN downlink transmit power can be 37dBm, 30dBm or 24dBm. A UE selects the serving cell based on the quality of the received CPICH signal, and the coverage of an LPN deployed in the macro layer is determined by:

CPICH Ec/No (LPN) > CPICH Ec/No (macro cell)
The CPICH Ec/No is mainly determined by the transmitted CPICH power and the path loss. If both the LPN and macro cell use the same power offset for CPICH, then the transmit power has the decisive role for the coverage. The macro downlink causes interference to the LPN. The coverage of the LPN deployed near the macro cell center is smaller than the coverage of the LPN deployed at the edge of the macro cell.
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Figure 1 LPN coverage issues 

2.2 System simulation results
Table 1 lists only the parameters that are more relevant for the simulations in this section. The UE selects the serving cell by Ec/N0 in downlink CPICH.
Table 1 Parameters for LPN coverage issue
	Parameters
	Values and comments

	Number of UEs 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
	deployed according to the received CPICH RSCP of macro cell.                                               

near: -67dBm <= RSCP <= -65dBm, 
middle: -75dBm <= RSCP <= -73dBm,

far: -81dBm <= RSCP <= -79dBm,

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

	RE of LPN
	3dB 
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Figure 2 Percentage of UEs served by LPN
In Figure 2, the X-axis indicates the area where the LPNs are deployed within the macro cell. The Y-axis indicates the ratio of UEs served by LPNs.

The LPN far from the macro cell centre can serve more UEs. This is because of the weaker interference from macro cell to the LPN. The interference becomes stronger when the LPN is deployed closer to the macro cell centre. The LPN coverage reduces quickly as the LPN is deployed closer to the macro cell center. 
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Figure 3  DL throughput gains in different macro areas
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Figure 4 DL throughput gains in different macro areas
In Figures 3 and 4, the X-axis indicates the area where LPNs are deployed. The Y-axis indicates the UE average, median and edge throughput gains for LPN transmit power of 37 dBm and 30 dBm, respectively. The median throughput is the 50%-tile point of the UE throughput CDF and the cell edge throughput is the 5%-tile point of the UE throughput CDF. The baseline is the macro throughput without LPNs..
Figures 3 and 4, show that higher DL throughput gains can be achieved by deploying LPNs far from the macro cell center in HetNet scenarios. 
Observation 1: LPN coverage reduces when deployed closer to the macro cell center.
3. Downlink Interference Issues

3.1 Macro cell downlink interference to LPN UE

3.1.1 Analysis

In co-channel deployments, in order to allow more UEs to be served by the LPNs and to realize the featured offload gains, solutions need to be designed. One possible solution is RE (Range Expansion) where UE will have more opportunities to be served by the LPN via expanding the coverage of LPNs.
Macro cell downlink transmission will create interference to LPN UE downlink reception. When applying RE to the LPN, the downlink interference from the macro cell will become even stronger. LPN UE will suffer from the interference from the macro cell and consequently the throughput of the LPN UEs within the expanded area will decrease.
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Figure 5 Macro cell downlink interference to LPN UE
3.1.2 System simulations

Table 2 lists only the parameters that are more relevant for the simulations in this section.

Table 2 Parameters for macro cell downlink interference issues
	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
	randomly and uniformly distributed within a macro cell

	Dropping criteria for UEs
	Random: UE randomly and uniformly distributed within a macro cell 
Hotspot: Randomly and uniformly drop Photspot of the total users within a r= m radius of LPN base station, and randomly and uniformly drop the remaining users to the entire macro geographical area of the given macro cell (including the LPN user dropping area).
The radius (r) of the LPN is equal to 35m, and 60m when the LPN power is 30dBm, and 37dBm, respectively.

Type 1: Photspot = ½

	RE of LPN
	0 dB ,3 dB ,6 dB ,9 dB


[image: image6.png]CDF

Hethet Geometry

" ; ; ; ;
20 -10 [ 10 il Edl il
LPN(37dBim) UE Geometry(d)





Figure 6 LPN UE Geometry with LPN transmit power of 37 dBm.
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Figure 7 LPN UE Geometry with LPN transmit power of 30 dBm.

The LPN UE geometry is significantly decreased by expanding the LPN coverage. This is because by expanding the LPN coverage, LPN UEs are closer to the macro cell centre, especially for the LPN edge UEs. The LPN edge UE is located mostly in the neighbour area of macro and LPNs. Form Figures 6 and 7, it can be seen that the geometry of LPN edge UEs is more significantly decreased by expanding the LPN coverage. This is because of the macro downlink interference to LPN UEs. Macro downlink interference impacts more significantly the performance of the LPN edge UEs.
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Figure 8 Throughput gains with different RE offsets (UEs randomly dropped) 
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Figure 9 Throughput gains with different RE offset (UEs 1/2 hot)
In Figure 8 and Figure 9, the X-axis indicates the offset value of RE. The Y-axis indicates gains in UE average throughput, UE median throughput and UE edge throughput, respectively. 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. The baseline is the UE average throughput, UE median throughput and UE edge throughput in the case where there are 0 LPN placed within the macro cell area. 
It can be seen that there is a loss in UE edge throughput when expanding the LPN coverage by 9 dB. This is because that there are two factors that affect the UE downlink throughput: the channel conditions and the downlink scheduling opportunities.When the LPN coverage is expanded by 9 dB, some UEs near to the macro cell centre are offloaded to the LPN. Such UEs suffer from the downlink interference from the macro cell, and their the channel conditions is poor and cannot support a high downlink throughput, especially for the LPN edge UEs. And at the same time, the number of LPN UEs is higher when expanding the LPN coverage of 9 dB, and the LPN needs to schedule the downlink resources for much more UEs. Each LPN UE then obtains much less scheduling opportunities. These two factors cause that the edge UE throughput greatly decreases when RE= 9.
Compared to Figure 8, Figure 9 shows that when dropping UEs by1/2 hot spot, there are more gains in UE average throughput and UE median throughput, however, there is a higher loss in UE edge throughput. This is because in the 1/2 hot spot case more UEs are dropped near to the LPN and more UEs are severed by the LPN. UE average throughput and UE median throughput benefit from the expanded LPN coverage. For edge UEs, the channel condition is similar to that in the case of randomly dropping of the UEs but the downlink scheduling opportunities from the LPN are less because of the higher number of UEs severed by LPN,
Observation 2: The macro cell downlink generates interference to the LPN UEs. 
3.2 LPN downlink interference to macro cell UE 

3.2.1 Analysis

The downlink transmission of LPNs creates interference to the macro UE downlink reception. This type of interference will impact the downlink performance of the macro UE surrounding the LPNs, e.g. for HSDPA, the UE in the edge area of macro cell as the serving cell. 
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Figure 10 LPN downlink interference to macro cell UE
3.2.2 System simulations

Table 3 lists only the parameters that are more relevant for the simulations in this section. The UE selects the serving cell by Ec/N0 in downlink CPICH.

Table 3 Parameters for LPN downlink interference issues
	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 ofLPNs
	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
	Hotspot: Randomly and uniformly drop Photspot of the total users within a r= m radius of LPN base station, and randomly and uniformly drop the remaining users to the entire macro geographical area of the given macro cell (including the LPN user dropping area).
The radius (r) of the LPN is equal to 35m, and 60m when the LPN power is 30dBm, and 37dBm, respectively.

Type 1: Photspot = ½

	RE of LPN
	3 dB 
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Figure 11 CDF for macro edge UEs Geometry(37dBm)
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Figure 12 CDF for macro edge UEs Geometry(30dBm)

Figure 11 and Figure 12 show the zoomed versions of CDF for macro edge UEs geometry when placing 1, 2 and 4 LPN within the macro area, respectively. Figure 11 is for 37dBm and Figure 12 is for 30dBm. We observe that for the macro cell edge UE, the geometry is decreased along with adding LPNs per macro area. This is because LPNs generate downlink interference to macro cell UEs, especially to the macro cell edge UEs.
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Figure 13 Macro cell gains with different number of LPNs (37dBm)
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Figure 14 Macro cell gains with different number of LPNs (30dBm)

In figure 13 and figure 14, the X-axis indicates the number of LPNs within a macro area. The Y-axis indicates gains in macro UE average throughput, macro UE median throughput and macro UE edge throughput, respectively. The figure 13 is for 37dBm and the figure 14 is for 30dBm. The baseline is the UE average throughput, UE median throughput and UE edge throughput in the case where there are 0 LPN placed within the macro cell area.From figure 13 and figure14, it can be seen that LPN introduces the downlink interference to the macro cell UEs, but also plus gains to macro UE DL throughput. It is because that the significant amount of UEs whithin macro coverage are offloaded to LPNs. So  each UE remained in macro cell can obtain much more scheduling opportunities.
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Figure 15 System gains with different number of LPNs (37dBm)
 [image: image16.png]W Average Gain W Median Gain W Edge gain

250.00%
) 226.61%

200.00%

145.47%

150.00%

100.00%

50.00% -

0.00% -

1 2 4

LPN:30dBm UE:1/2 hotspot dropped





Figure 16 System gains with different number of LPNs (30dBm)

In Figure 15 and Figure 16, the X-axis indicates the number of LPNs within a macro area. The Y-axis indicates gains in UE average throughput, UE median throughput and UE edge throughput in the system, respectively. 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. The figure 15 is for 37dBm and the figure 16 is for 30dBm. The baseline is the UE average throughput, UE median throughput and UE edge throughput in the case where there are 0 LPN placed within the macro cell area. 
From Figures 13 to 16, it can be seen that due to the downlink interference from LPNs, the gains in DL throughput of macro cell UEs are significantly less than the gains of all UEs.  
Observation 3: The LPN downlink generates interference to the macro cell UE. The geometry of macro cell edge UE is decreased when LPNs are added within the macro coverage. The gains in DL throughput of macro cell UEs are significantly less than the gains of all UEs.
4. Conclusion
In this document, we evaluated the impact of co-channel downlink interference in HetNet scenarios. The interference issues considered are:
· Macro cell interference to the coverage of the LPN: The coverage of LPNs deployed closer to the macro cell center decreases when compared to the coverage of LPNs deployed in the macro cell edge.
· Macro cell downlink interference to LPN UEs: The decrease in LPN edge throughput is more significant as the RE offset increases.

· LPN downlink interference to macro cell UEs: The macro cell edge UE performance decreases when adding more LPNs per macro cell. 
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