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1. Introduction
Consider the interference between femtocells and macrocells, this proposal focuses on the femtocell deployment and the DL only interference. For a dedicated carrier of CSG, the interference is based to scenarios No. 3 and No. 4 of [5]. For sharing channel between macrocells and femtocells, the interference is based on the deployment Configuration E Open Access, co-channel of [6] with interference scenario 2 DL HNB -> Macro UE and scenario 4 DL Macro -> HNB UE. For later case, HNB is replaced with HeNB in our proposal. For HeNB Access Mode, the [7] is referred.
To evaluate the quality of deployed femtocells, the performance of each scenario will be given based on the overall cell capacity, SINR distribution, and effective data rate. The simulation results facilitate deployment strategies for HeNB.
2. Simulation Parameter
The agreed RAN4 FDD HeNB simulation parameters [1] are applied to our proposal. Due to DL only, we ignore the UL related parameters and no scheduler is enabled. For HeNB, the suburban modelling is placed. For downlink power control, we follow the SI [4] the fixed power radiated to UEs.  Below are on macro-layer simulation parameters [1] in Table1-Table3 that describes the detail Macrocell system, HeNB system, and Suburban HeNB modelling assumptions sequentially. In addition to Table 1-Table 3, the extra definitions and assumptions are:

· HUE:




HeNB served UE

· MUE: 




Macro served UE

· CSG member:



UE allowed access to the associated CSG cell

· Non-CSG member:


UE not allowed access to the associated CSG cell

· Open Access:



Non-CSG UEs served by node with strongest signal
· Closed Access:



Femtocell serves only CSG UEs

· Femto served:



Serving to HUEs
· Macro served:



Serving to MUEs
· Macrocell only:



No femtocells deployed.

· HeNBs per sector:



100

· CSG UEs per HeNB:


1

· Non-CSG/CSG UE ratio in a site:

1

· HeNB with dedicated channel uses 2/3 bandwidth of a macro layer, i.e. 6.67M Hz.
Table 1. Macrocell system assumptions [1]
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	1732 m

	Number sites
	19 (=57 cells) with optional wrap-around.

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 [1]

	Shadowing standard deviation
	8 dB (see section 5.3 [1])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 [1])

	
	Between sectors
	1.0 (see section 5.3 [1])

	Penetration Loss (assumes UEs are indoors)
	10dB (see section 5.2 [1])

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 [1]

	Number of BS antennas
	1 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	1 Rx

	Total BS TX power (Ptotal)
	46 dBm

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

The probability of a macro UE being indoors should be a parameter rather than being fixed at one, depending on the scenario being investigated.

	Minimum distance between UE and cell
	>= 35 m


Table 2. HeNB system assumptions [2]
	Parameter
	Assumption

	HeNB Frequency Channel
	Either same frequency and same bandwidth as macro layer, or adjacent channel and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm

	Number Tx antennas HeNB
	1 (baseline)

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	10 dB (See section 5.2 [1], n=1)

	Interior path loss model
	See section 5.2 [1], n=1

	Interior to Exterior path loss model
	See section 5.2 [1], n=1

	Exterior path loss model HeNB to UE
	See section 5.2 [1], n=1

	Log-normal shadowing standard deviation
	4 dB (See section 5.2 [1])

	Max Tx power HeNB
	20 dBm

	Carrier bandwidth
	10 MHz


Table 3. Suburban HeNB modelling parameters [1]
	Parameter
	Value

	House size
	12x12 m

	House+Lot size
	(12f) x (12f) m with f chosen to give desired probability of HeNB UE being outdoors when randomly dropped in total area of house plus lot.

	Probability HeNB UE outdoors
	10%

	Macro UEs allowed in HeNB house
	Yes, macro UEs are randomly dropped within macro indoors coverage area, and a macro UE may happen to be dropped within the 12x12 m HeNB house

	Allow HeNB houses+lots to overlap
	No

	Minimum separation UE to HeNB
	20 cm

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per femtocell
	1 (at least)

	Distribution of HeNB houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB

	Distribution of HeNB within HeNB house
	Random uniform


3. Discussion
In the performance, our proposal is to meet the attenuated and truncated Shannon bound approach [2] ( SINR values to corresponding radio link throughput ). The Macro-layer and HeNB-layer network performances are applied and the parameters for HeNB Interference Simulation Study [3] is used based on 1) CDF of HUE data rate, 2) CDF of HUE SINR, 3) CDF of MUE data rate, and 4) CDF of MUE SINR. 
For the CDF of SINR, the result in Fig. 1 is summarized as; 
1) Femto served with dedicated channel:  No crossed macrocell interference but HUEs between femtocells in Open Access suffer more significant interference and penetration loss than Closed Access. 
2) Macro served with dedicated channel:  No crossed femtocells interference and non-CSG UEs in Open Access obtain more signal strength than CSG UEs in Closed Access.
3) Femto served with dedicated channel obtains the guaranteed SINR comparing to the co-channel cases but bandwidth sacrifices.
Corresponding to Fig. 1, the effective data rate in Fig. 2 is summarized as: 
1) The case in which femtocells are near to macrocells, the effective data rate is sacrificing to obtain the guaranteed SINR.
2) The trading off gain between coverage/SINR and throughput/effective data rate is dependent of femtocells dedicated channel bandwidth. 
3) Both Open access mode and dedicated channel deployment avoid the degradation of UEs receiving service from macrocells comparing to Macrocells only case. 

4) For overall cell capacity, Table4 provides normalized throughputs with “Closed Access, Co-channel” as the base. 
Femtocells nearby macro eNB should use the dedicated channel to mitigate stronger macro power, whereas, femtocells far from macro eNB should use the co-channel to enhance the capacity. However, accurate measurement and feedback mechanisms are required to determine a proper deployment scheme for a HeNB. The measurement could be HeNB-based or UE-based, which are FFS. In Fig.3, the UE received RSSI related to UE effective data rate is shown. The femtocells choose a deployment scheme based on received RSSI at UE. 
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Figure 1:  SINR distribution for HeNB/eNB UE.
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Figure 2: Effective Date Rate distribution for HeNB/eNB UE.
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Figure 3: Distribution between Effective Data Rate versus UE Received RSSI

Table 4: Normalized overall cell capacity
	Cases
	Normalized to “Closed Access, Cochannel”

	Closed Access, Cochannel
	100%

	Closed Access, Dedicate
	75%

	Open Access, Cochannel
	90%

	Open Access, Dedicate
	68%


4. Conclusion
HeNB nearby the macro eNB should apply dedicated channel deployment, whereas, HeNBs far from the macro eNB should use an open or hybrid access mode. The dedicated channel deployment avoids the interference from the macro eNB at the expense of the bandwidth. The channel allocating strategy trading off the gain between coverage extension/SINR and BW/throughput for the femtocells deployment is the focus in this contribution.
This contribution assumes the ratio of non-CSG/CSG UE=1, however, the ratio with other practical values is left for further study.
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