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1. Introduction

In the co-channel deployment where Macro eNodeB (MeNB) and Home eNodeB (HeNB) share entire bandwidth, closed subscriber group (CSG) HeNB might cause significant downlink (DL) interference to MUE which is not a CSG member and located near the HeNB [1-4]. This interference sometimes creates dead spots where MUE can not decode any signal from MeNB. To solve this problem, HeNB interference control has been discussed in RAN4 under LTE Release 9 work item [1][2].

This contribution evaluates various Release 9 HeNB interference control techniques discussed in RAN4, and discusses further direction of HeNB interference control study to develop techniques for efficient support of heterogeneous networks (HetNets) in LTE-Advanced. Notice that we focus on the data channel protection in single component carrier.
2. Release 9 HeNB Interference Control Techniques

Since Release 9 HeNB can not share the information for interference control between the HeNB and other eNodeBs, HeNB has to manage its interference by autonomous manner based on HeNB measurements and/or measurement report from UE connected to the HeNB (referred to HUE) [1][2]. In this contribution, we evaluate the following methods; 
· Power Control:
HeNB DL power is controlled based on HeNB measurements; Reference signal received power (RSRP) from MeNB and received DL interference.

Benefit:
· This can be applied to control channel protection.

· Resource block (RB) dedication:
A subset of RBs of HeNB are dedicated to MUE (i.e. HeNB does not use a subset of RBs). 
Benefit:
· No interference caused by HeNB can be achieved within the dedicated RBs.

Drawback: 
· Additional interference control for control channels is required.

· MUE detection by HeNB [5-7]:
HeNB monitors uplink signal from MUE. If MUE uplink signal is detected, HeNB starts its DL interference control; power control and/or RB dedication can be applied. The detection method and its accuracy are described in [7] (This method has been discussed at RAN4). 

Benefit: 
· HeNB can choose suitable interference control depending on the existence of MUE (or the number of MUEs) located near the HeNB. It can avoid unnecessary waste of HeNB radio resource (i.e. power and RBs).
Drawback: 
· Idle mode UE can not be protected. 
· The detected MUE is not always MUEs which should be protected. 
· Further study is needed to detect LTE-A UE.
3. Simulation Model
The simulation model is the dual stripe model defined in RAN4 and modified by RAN1. We apply the model 2 of [9] and the assumption that 35% or 10% MUEs are dropped within femto cluster. The detail is summarized in Annex A.

4. Results
4.1  35% MUE are dropped within femto cluster

This section presents the simulation results. The abbreviations used in figures are below; MacroOnly (All UEs are connected to MeNB), NoIC (HeNB with no interference control), PC (Power control), RB (RB dedication), Detect & PC (MUE detection scheme with power control) and Detect & RB (MUE detection scheme with RB dedication).
Figures 1 and 2 show all UE throughputs.

· HeNB deployment provides large throughput gain. The average UE throughput increases more that 25 times.
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Fig. 1: All UE Throughput Cumulative Distribution Functions (CDFs)
[image: image2.emf]All UE Throughput (Mean)

0

5

10

15

20

[Mbps]

MacroOnly

NoIC

PC

RB

Detect & PC

Detect & RB

[image: image3.emf]All UE Throughput (5%tile)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

[Mbps]

MacroOnly

NoIC

PC

RB

Detect & PC

Detect & RB

[image: image4.emf]All UE Throughput (Median)

0

5

10

15

20

25

30

[Mbps]

MacroOnly

NoIC

PC

RB

Detect & PC

Detect & RB


Fig. 2: All UE Throughputs
Figures 3 and 4 show MUE throughputs.

· HeNB with no interference control creates MUEs significantly interfered by HeNB DL (The throughput of lower 30-40% MUEs is decreased). 

· HeNB interference control increases the throughput of such MUEs (Compared to the case of HeNB no interference control, 5 percentile MUE throughputs increases more than 4 times). All HeNB interference control techniques provide comparable MUE throughputs.
· RB dedication reduces the dead spot to zero although other methods do not. It implies that stronger interference control (which leads lower HUE throughputs) is required to reduce the dead spot to zero by other methods than RB dedication. 
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Fig. 3: MUE Throughput CDFs
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Fig. 4: MUE Throughputs
Figures 5 and 6 show HUE throughputs.

· HUE throughputs decrease if HeNB interference control is applied. The ability to interference control the MUE and HUE throughput are generally in tradeoff.

· The maximum value of HUE throughput decreases in the case of RB dedication because some RBs are not available. However MUE detection scheme with RB dedication can achieve the maximum HUE throughput.
· MUE detection schemes can avoid unnecessary waste of HeNB’s radio resource. MUE detection schemes have several Mbps higher HUE throughputs compared to the corresponding simple schemes without MUE detection. Those can be found from the the HUE throughput CDF curves of MUE detection schemes which are closer to the curve of no interference control than those of the corresponding simple schemes without MUE detection. 
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Fig. 5: HUE Throughput CDFs
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Fig. 6: HUE Throughputs
Figure 7 shows all UE geometries. 
· HeNB deployment with no interference control creates quite low geometry UEs which can not decode control channels with BLER < 1 % [11]. This implies that interference control for control channels is required. 
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Fig. 7: Geometry CDF for all UE

4.2  10% MUE are dropped within femto cluster

This section presents the simulation results where 10% MUE are dropped within femto cluster. The abbreviations used in figures are same as previous section. 

Figures 8 and 9 show all UE throughputs.

· HeNB deployment provides large throughput gain as Figure 1. The average UE throughput increases more that 25 times.
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Fig. 8: All UE Throughput CDFs
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Fig. 9: All UE Throughputs
Figures 10 and 11 show MUE throughputs. We can find similar behavior to the figure 3 and 4. 

· HeNB with no interference control creates MUEs significantly interfered by HeNB DL (The throughput of lower 10% MUEs is decreased). 

· HeNB interference control increases the throughput of such MUEs. All HeNB interference control techniques provide comparable MUE throughputs.

· RB dedication schemes decrease the dead spot to zero although power control schemes can not.
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Fig. 10: MUE Throughput CDFs
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Fig. 11: MUE Throughputs

Figures 12 and 13 show HUE throughputs.

· Compared to figure 5, the CDF curves of MUE detection schemes become closer to the curve of no interference control. This indicates that MUE detection schemes can adapt the number of MUE located near HeNB.

· HUE throughputs decrease if HeNB interference control is applied. The ability to interference control the MUE and HUE throughput are generally in tradeoff.

· The maximum value of HUE throughput decreases in the case of RB dedication because some RBs are not available. However MUE detection scheme with RB dedication can achieve the maximum HUE throughput.

· MUE detection schemes can avoid unnecessary waste of HeNB’s radio resource. MUE detection schemes have several Mbps higher HUE throughputs compared to the corresponding simple schemes without MUE detection. 
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Fig. 12: HUE Throughput CDFs
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Fig. 13: HUE Throughputs
Figures 14 shows all UE geometries. 

· HeNB deployment with no interference control creates quite low geometry UEs which can not decode control channels with BLER < 1 % [11]. This implies that interference control for control channels is required. 
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Fig. 14: Geometry CDF for all UE

5. Conclusions

In this contribution, we evaluated the performance of Release 9 HeNB interference control techniques discussed in RAN4. Their benefits and drawbacks are summarized as below.
· Power Control:
Benefit:
· This can be applied to control channel protection.

Drawback: 
· The ability to interference control the MUE and HUE throughput are in tradeoff. In particular, low throughput HUE is strongly affected by power control. 
· Resource block (RB) dedication:
Benefit:

· The degradation of HUE throughput is smaller than that of power control (in particular 5 percentile HUE throughput) with keeping MUE throughput at same level. 

· No interference caused by HeNB can be achieved within the dedicated RBs. As the result, the dead spot caused by HeNB can be decreased to zero.

Drawback: 

· Additional interference control for control channels is required.

· MUE detection by HeNB:
Benefit: 

· HUE throughput degradation is reduced to small level compared to the above schemes. 

· HeNB can choose suitable interference control depending on the existence of MUE (or the number of MUEs) located near the HeNB. It can avoid unnecessary waste of HeNB radio resource (i.e. power and RBs).

Drawback: 

· Idle mode UE can not be protected. 

· The detected MUE is not always MUEs which should be protected. 

· Further study is needed to detect LTE-A UE.

To develop the technologies for efficient support of HetNets in LTE-Advanced, the following topics should be discussed in RAN1.
1. Interference control for control channels

2. Applicability study of Release 9 HeNB interference control techniques for LTE-A (i.e. applicability study of MUE detection scheme for LTE-A UE)
3. Enhanced interference control (i.e. study of inter-cell interference coordination using new HeNB network interface)
Annex A. Simulation Model of Dual Stripe Model
The dual stripe model represents a dense urban HeNB modeling [8]. In this model, each femtocell block has two stripes of apartments (Fig. 1). The parameters modified in RAN1 [9][10] are listed in Table A-1 to A-6. 
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Fig.A-1: A femtocell block of the dual stripe model (The figure is reproduced from [8])

Table A-1: Dual stripe modelling assumptions
	Parameter
	Value

	Femtocell block
	Each femto cell block represents two stripes of apartments. Each stripe has 2 x N apartments, and the size of each apartment is 10m x 10m. Each femtocell block has L floors. There are streets between and outside of the two stripes of apartments, with width of 10m.

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	6

	R (deployment ratio: ratio of an apartment with a HeNB)
	0.2

	P (activation ratio: ratio of active HeNB)
	0.5

	HeNB distribution
	Random uniform within a HeNB deployed apartment.

	HUE distribution
	Random uniform within an active HeNB deployed apartment.

	Number of active HUEs per HeNB
	1 (Closed Subscriber Group)

	 MUE distribution
	35% or 10% MUEs are uniformly dropped in the femto cluster and other MUEs are uniformly dropped within other macro coverage area. All MUEs are assumed to be indoors.

	Penetration loss of an outdoor wall (Low)
	20dB

	Penetration loss of the wall separating apartments (Liw)
	5dB


Table A-2: Macrocell system assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse 1

	Number of sites
	7 (=21 sectors) with wrap-around

	Inter-site distance 
	500 m (Case 1)

	Carrier frequency
	2000 MHz

	Carrier bandwitdth
	10 MHz

	Distance-dependent path loss
	See Table A-5.

	Log-normal shadowing standard deviation
	4dB for LOS Link and 6dB for NLOS link between MeNB and UE

	Shadowing correlation
	Between sites
	0.5

	
	Between sectors
	1.0

	Penetration loss (If UEs are indoors)
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt and set to 15 degrees. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel model (Fading model)
	Typical urban (TU)

	Antenna bore-sight points toward flat side of cell
(For 3-sector sites with fixed antenna patterns)
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	Total MeNB Tx power (Ptotal)
	46dBm

	BS antenna gain
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UL Receiver Type
	MRC

	Minimum distance between UE and MeNB
	>= 35 m

	Number of MUEs
	10 per sector

	MUE distribution
	See Table A-1.

	Inter-cell interference modelling
	Explicit modelling

	Traffic model
	Full buffer

	Number of symbols for PUCCH
	4

	Number of symbols for PDCCH
	3


Table A-3: UE assumptions
	Parameter
	Assumption

	UE power class
	23 dBm (250mW)

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	UE speeds of interest
	3 km / h

	DL receiver type
	MMSE


Table A-4: HeNB system assumptions (based on [9] without the red marked)
	Parameter
	Assumption

	HeNB frequency channel
	Same frequency and same bandwidth as macro layer

	Distance-dependent path loss
	See Table A-5.

	Log-normal shadowing standard deviation
	3dB for LOS Link and 4dB for NLOS link between HeNB and UE

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Channel model (Fading model)
	Typical urban (TU)

	Antenna pattern  (horizontal)
	Omnidirectional

	HeNB maximum Tx power
	20 dBm

	HeNB antenna gain
	5 dBi

	HeNB noise figure
	8 dB

	Number of BS antennas
	2 tx , 2 rx antenna ports

	UL Receiver Type
	MRC

	Minimum distance between HeNBs
	1 HeNB per an apartment

	Minimum distance between UE (MUE and HUE) and HeNB
	20 cm

	Number of HUEs
	1 per (active) HeNB. Closed Subscriber Group (CSG). See Table A-1.

	HUE distribution
	See Table A-1.

	Inter-cell interference modelling
	Explicit modelling

	Number of symbols for PUCCH
	4

	Number of symbols for PDCCH
	3


Table A-5: Path loss models for dual stripe model (Model 2 in Table A.2.1.1.2-7 of [9])
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PLLOS(R)= 30.8+24.2log10(R), 
PLNLOS(R)= 2.7+42.8log10(R).
The probability of LOS is 
 Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63).

	
	(2) UE is inside an apt
	PLLOS(R)= 30.8+24.2log10(R) + Low,
PLNLOS(R)= 2.7+42.8log10(R) + Low.

The probability of LOS is
Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63).

	UE to HeNB
	(3) UE is inside the same apt stripe as HeNB
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw

	
	(4) UE is outside the apt stripe
	PL (dB) = max(2.7+42.8 log10 R， 38.46 + 20log10R) + 0.7d2D,indoor
+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low

	
	(5) UE is inside a different apt stripe
	PL(dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2


Note: 

· R is the Tx-Rx separation and in meters.
· Low is the penetration loss of an outdoor wall (20dB) and Liw is the penetration loss of the wall separating apartments (5dB). In Case (5), Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
· n is the number of penetrated floors and q is the number of walls separating apartments between UE and HeNB.
· d2D,indoor is the distance inside the house and in meters.
Table A-6: Other simulation assumptions
	Parameter
	Value

	Traffic model
	Full buffer

	Scheduling algorithm (MeNB and HeNB)
	Proportional fairness

	Link to system mapping
	EESM

	Channel Estimation
	Ideal
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