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1 Introduction
3GPP RAN WG4 is currently performing a study on 1.28Mcps TDD Home NodeB (HNB). One of the main topics of the study is the maximum HNB output power, and the resulting downlink interference towards overlaying networks, called as “Home NodeB interference scenario #2” in [1].
This paper focuses on the impact of different HNB densities and HNB output powers on macro cell P-CCPCH performance and HSDPA capacity. Furthermore, both co-channel and adjacent channel deployment options are studied.
2 Scenario and assumptions

2.1 Simulation scenario and parameters
The main simulation scenario are similar to [2], a dense urban scenario is adopted which consists of two layers. The macro cell layer is 19 hexagonal cells and each cell with three sectors, as shown in figure 1(the red point is the location of Macro NodeB). The second layer is constituted by 20 three-floor buildings which are randomly distributed within each sector of the central macro cell.

The environment of the building is the same as indoor test environment presented in [2]. Each building consists of 3 floors, and each floor (with the size of 100m x 50m) has 40 rooms (10m x10m for each room) and 2 corridors (100m*5m for each corridor). As shown in figure 2.

The HNBs are uniformly placed in the rooms according to its penetration rate. In our simulation, the HNB penetration rates are assumed to be 4%, 8%, 12%, and 16%, hence the numbers of HNBs distributed in each victim sector are nearly equal to 100, 200, 300 and 400 respectively. The HNB active factor is defined to 1.

Figure 1 TD-SCDMA macro cell topology
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Figure 2 HNB deployment scenario

In this scenario, we assumed that all the macro UEs (MUEs) are uniformly dropped in each macro cell. If the MUE is located inside the building, it’s assumed to be distributed on any floor with the same probabilities. 

Table1 TD-SCDMA Macro BS and Home NodeB simulation assumptions

	Parameter
	Macro 
	HNB

	
	DL 
	DL 

	Simulation type
	Snapshot（>=800）
	Snapshot（>=800）

	Propagation Parameter
	
	

	MCL (including antenna gain)
	BS-MS 70 dB
	BS-MS 38 dB[4]

	Rx Antenna gain (including losses)
	0 dBi
	0 dBi

	Tx Antenna gain (including losses)
	Directional：16dBi
SA：    9 dBi
	0 dBi

	Log Normal fade margin 
	10
	12

	Referenced Sensitivity level
	-108
	-108

	PC Modelling 
	PCCPCH without PC
TD-HSDPA without PC
	Max HNB Tx Power

	Step size PC
	Perfect PC
	

	PC error
	0%
	

	Outage condition
	measured Ec/N0 lower than Ec/N0 target 0.5 dB
	

	NOISE PARAMETERS
	
	

	Noise figure
	9
	9

	MS Noise power
	-104 dBm
	-104 dBm

	TX POWER
	
	

	Maximum BS power 
	34 dBm
	0~20dBm(Adjust according to simulation condition)

	Maximum PCCPCH power
	37dBm 
	

	Maximum UE power
	21dBm
	

	Power control range
	70 dB
	

	INTERFERENCE REDUCTION
	
	

	MUD
	On 
	

	Non orthogonality factor 
	0
	0

	SA
	On
	

	DEPLOYMENT SCENARIO
	
	

	Macro Cell Topology
	Hexagonal grid ,19cell,3 sector per cell
	

	BS Height
	
	

	BTS type
	Directional
	Omni-directional

	Inter-site single operator
	1000m
	

	User Distribution
	Random and uniform across the network
	

	Frequency Reuse Coefficient 
	PCCPCH 3

12.2K 1

HSDPA 1
	

	SIMULATED SERVICES
	
	

	P-CCPCH Ec/N0 target
	-6 dB
	

	HSDPA 
	
	

	Multipath environment macro
	Vehicular macro
	


2.2
Propagation model
In this document, the propagation models according to the co-existence of TD-SCDMA and HNB scenario are listed in Table 2. The path loss for macro cell is calculated by the vehicular propagation model presented in [3]. When MUE is indoor, a 10 dB penetration loss（Lp） should be considered.
Table 2 Path loss models
	Cases
	Path Loss

	Macro 

	
[image: image2.wmf]d

Pathloss

10

log

6

.

37

3

.

15

´

+

=



[image: image3.wmf]Lp

d

Pathloss

+

´

+

=

10

log

6

.

37

3

.

15

  ( MUE is indoor)

	Indoor

	
[image: image4.wmf])

46

.

0

1

2

(

3

.

18

)

(

10

log

30

37

-

+

+

´

+

´

+

=

n

n

n

d

Pathloss


n is number of penetrated floors 


3 Simulation results
3.1
Co-channel scenario

Macro P-CCPCH outage
The Macro P-CCPCH channel outage probability for the case of different HNB penetration rate with fixed transmitted power under co-channel deployment are shown in Figure 3. As the result, the MUE downlink interference increases obviously with the increase of HNB output power and HNB penetration rate. The P-CCPCH outage probability is nearly 5%~9.5 % with 0dBm HNB transmit power. 
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Figure 3 Macro P-CCPCH outage probability with fixed HNB output power

Macro HSDPA throughput loss
The impact of different HNB penetration rate with fixed transmitted power on the macro HSDPA throughput loss probability under co-channel is shown in figure 4. It can be noticed that, an average HNB density of 8% and 200 HNB/sector, the reduction in the throughput equal to 10.2% with PHNBmax equal to 0dBm. 
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 Figure 4 Macro HSDPA throughput losses with fixed HNB output power

3.2 Adjacent channel scenario

Macro P-CCPCH outage
The Macro P-CCPCH outage probability for the case of different HNB penetration rate with fixed transmitted power under adjacent channel deployment is shown in Figure 5. The result indicated that macro P-CCPCH performance is much better than co-channel scenario, an average HNB density of 16% and 200 HNB/sector, the macro throughput loss probability becomes equal to 0.5%, 1.3%, 3.5% with PHNBmax equal to 5, 10 and 20dBm, respectively.
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Figure 5 Macro P-CCPCH outage probability with fixed HNB output power

Macro HSDPA throughput loss

The impact of different HNB penetration rate with fixed transmitted power on the macro HSDPA throughput loss probability under adjacent channel is shown in figure 6. It can be noticed that, an average HNB density of 8% and 200 HNB/sector, the macro throughput loss probability becomes equal to 2.2%, 3%, 5% with PHNBmax equal to 5, 10 and 17dBm, respectively.
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 Figure 3 Macro HSDPA throughput loss with fixed HNB output power

4 Conclusion

This paper has studied the downlink co-existence between Home NodeB s (aggressor) and Macro UEs (victim). Both the impact of the HNB density as well as the maximum HNB output power has been considered. Furthermore, the study has been performed for both co-channel and adjacent channel deployment scenarios.

The results for the co-channel deployment indicate considerable interference problems at locations where the macro P-CCPCH and HSDPA are fairly weak, which results in high outage probability and throughput loss around the HNBs. The interference can be reduced for example by lowering the HNB maximum output power. According to the simulation results, there is a need to set the maximum HNB output power to lower than 0dBm, or in some cases even below that, in order to obtain an acceptable “coverage vs. interference” trade-off.
The adjacent channel deployment is found to work much better. The HNB maximum output power could be much higher than the co-channel deployment scenario. However, assuming some form of downlink interference control also for the adjacent channel scenario could further improve the HNB performance.
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