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1. Introduction

In RAN1#70bis meeting, the interference issues for co-channel deployment were discussed in [1]. In this paper, we give the analysis and initial simulation results for downlink interference scenarios for co-channel deployment. 
2. Coverage Issues

2.1 Analysis

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

CPICH Ec/No (small cell) > CPICH Ec/No (macro cell)
The CPICH RSCP is mainly determined by the Tx CPICH power and path loss. If both the small cell 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 small cell. The coverage of the small cell deployed near the macro cell center is smaller than the coverage of the small cell deployed at the edge of the macro cell.

[image: image13.wmf]dB

3

q


Figure 1 The small cell coverage issue
2.2 System simulation results
The system simulation assumptions are given in Table 4 and Table 5 in Appendix A for macro and small cell, respectively. 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 small cell coverage issue
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	Downlink:16 UEs 

	The deployment of small cells
	Co-channel with Macro cells

	Maximum Tx Power of small cells
	37dBm, 30dBm,24dBm

	Number of Small cells in a Macro cell
	1

	Dropping criteria for small cells
	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
	randomly and uniformly distributed within a Macro cell

	RE of small cell
	0 dB 
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Figure 2 Ratio of UEs served by small cell
In Figure 2, the X-axis indicates the area dropping small cells within the macro cell. The Y-axis indicates the ratio of UEs served by small cells.

The small cell far from the macro cell centre can serve more UEs. This is because of the weaker interference from macro cell to the small cell. The interference becomes stronger when the small cell is deployed closer to the macro cell centre. The small cell coverage reduces quickly towards the macro cell center. 
Observation 1: 

The small cell coverage reduces when deployed closer to the macro cell center.
3. Downlink Interference Issues

3.1 Macro cell downlink interference to small cell UE

3.1.1 Analysis

In co-channel deployments, in order to allow more UEs to be served by the small cells and realize the featured offload gains, solutions need to be designed. One possible solution is RE (Range Expansion). UE will add an offset to the downlink measurements of the small cells so that the UE will have a higher probability to be served by the small cells.

The downlink transmission from the macro cell will create interference to the small cell UE downlink reception. If the methods for expanding the coverage of small cells mentioned above are applied, the downlink interference from the macro cell will become even stronger. The small cell UE will suffer from the interference from the macro cell and consequently the throughput of the small cell UEs within the expanded area will decrease.
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Figure 3 Macro cell downlink interference to small cell UE
3.1.2 System simulations

The system simulation assumptions are given in Table 4 and Table 5 in Appendix A for macro and small cell, respectively. 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 small cells
	Co-channel with Macro cells

	Maximum Tx Power of small cells
	37dBm

	Number of Small cells in a Macro cell
	1

	Dropping criteria for small cells
	deployed according to the received CPICH RSCP of macro cell
middle: -75dBm <= RSCP <= -73dBm

	Dropping criteria for UEs
	randomly and uniformly distributed within a Macro cell

	RE of small cell
	0 dB ,3 dB ,6 dB ,9 dB
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Figure 4 Small cell edge DL throughput ratio
In figure 4, the X -axis indicates the offset parameters of RE. The Y-axis is the ratio of small cell edge throughput compared to the baseline, and the baseline is the small cell edge throughput where the coverage of small cell is expanded by 0 dB. The cell edge throughput is 5%-tile point of the UE throughput CDF.
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Figure 5 Small cell UE Geometry CDF

Figure 5 shows the CDF of small cell UE geometry when expanding the small cell coverage respectively by 0 dB, 3dB, 6dB and 9dB, respectively. 

The small cell UE geometry is significantly decreased by expanding the small cell. This is because the macro cell causes significant downlink interference to small cell UEs, especially to small cell edge UEs. The small cell edge UE is located mostly in the neighbour area of macro and small cells. The small cell edge UE is closer to the macro cell centre when expanding the small cell coverage.
Observation 2: 

The macro cell downlink generates interference to the small cell UE, and the decrease in small cell edge throughput is more significant as the RE offset increases. 
3.2 Small cell downlink interference to macro cell UE 

3.2.1 Analysis

The downlink transmission of small cells creates interference to the macro UE downlink reception. This type of interference will impact the downlink performance of the macro UE surrounding the small cells, e.g. for HSDPA, the UE in the SHO area with macro cell as the serving cell. 
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Figure 6 Small cell downlink interference to macro cell UE
3.2.2 System simulations

The system simulation assumptions are given in Table 4 and Table 5 in Appendix A for macro and small cell, respectively. Table 3 lists only the parameters that are more relevant for the simulations in this section.
Table 3 Parameters for small cell downlink interference issues
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	Downlink:16 UEs 

	The deployment of small cells
	Co-channel with Macro cells

	Maximum Tx Power of small cells
	37dBm

	Number of Small cells in a Macro cell
	2,4,8

	Dropping criteria for small cells
	randomly and uniformly distributed within a Macro cell

	Dropping criteria for UEs
	randomly and uniformly distributed within a Macro cell

	RE of small cell
	0 dB 
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Figure 7 Macro UE Geometry CDF _1
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Figure 8 Macro UE Geometry CDF_2
Figure 7 shows the CDF of the macro UE geometry where deploying 0/2/4/8 small cells per macro cell. Figure 8 is a zoomed version of the CDF for macro edge UEs. The baseline curve represents the case where no small cells are present in the macro cell. The UE selects the serving cell by Ec/N0 in downlink CPICH. From Figures 7 and 8, we can see that for the macro cell edge UE, the geometry is decreased significantly along with adding small cells per macro cell. This is because small cells bring significant downlink interference to macro cell UEs, especially to the macro cell edge UE.
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Figure 9 DL cell edge throughput gains 

In Figure 9, the X-axis indicates the number of small cells deployed per macro cell and the Y-axis indicates the cell edge throughput gains for macro and small cells. The gains are indicated as percentage respect to the baseline cell edge UE throughput where there are no small cells. The cell edge throughput is 5%-tile point of the UE throughput CDF.

From Figure 9, we can see that when dropping small cells in the macro cell, the macro cell edge UE throughput is always less than the small edge UE throughput. This is because small cells bring significant downlink interference to macro cell UEs, especially to the macro cell edge UE.
We observe also that the case with 8 small cells per macro cell has the best macro cell edge UE throughput due to the the gains in small cell coverage. According to our simulation results, the ratio of UEs served by small cell where 8 small cells deployed per macro cell is about threefold of that where 2 small cells deployed per macro cell. In the case where 8 small cells deployed per macro cell, the macro UEs including the macro edge UE can obtain more scheduling resource and so there are additional gains in the macro cell edge throughput.
Observation 3: 

The small cell downlink generates interference to the macro cell UE. The geometry of macro cell edge UE is decreased when more small cells are added within the macro coverage. The macro cell edge UE throughput is significantly less than that of the small cell edge UE.
4. Conclusion
In this document, we have done an initial evaluation of the impact of co-channel downlink interference in HetNet scenarios. The interference issues considered are
· Macro cell interference to the coverage of the small cell: The coverage of small cells deployed closer to the macro cell center decreases when compared to the coverage of small cells deployed in the macro cell edge.
· Macro cell downlink interference to small cell UE: The decrease in small cell edge throughput is more significant as the RE offset increases.
· Small cell downlink interference to macro cell UE: The macro cell edge UE performance decreases when adding more small cells per macro cell. 
5. References

[1] R1-124467 Overview of UMTS Heterogenous Networks , Huawei, HiSilicon

6. Appendix A 
Table 4: UMTS HetNet Basic System Level Parameters (Macro Cell)
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Model 1:

L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,     Am = 20 dB

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	43dBm

	Max BS Antenna Gain
	14dBi

	Max UE Antenna Gain
	0dBi

	Noise figure of NodeB
	3dB 

	Noise figure of UE
	9dB

	Thermal noise density
	-174dBm/Hz

	HS-PDSCH code number
	15

	HS-SCCH code number
	4

	UE Receiver
	Type 3 (LMMSE 2-rx)

	Soft Handover Parameters
	R1a (reporting range constant) = 3dB

R1b (reporting range constant) = 6dB

	Max active set num
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	Traffic model
	Full buffer 

	UE Number per macro cell coverage area
	16

	Small cell Number per macro cell coverage area
	1, 2, 4, 8


Table 5: UMTS HetNet Basic System Level Parameters (Small Cell)
	Parameters
	Values and comments

	Path Loss
	Model 1:

L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB, 10dB(Optional)

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	2D Antenna, omni-directional

	Maximum Tx Power of BS
	37dBm, 30dBm,24dBm

	Max BS Antenna Gain
	5dBi

	Noise figure of NodeB
	3dB
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