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1 Introduction 
In RAN1 #61, the WF of R1-103427 [1] identified the problem and needs for Macro-Femto Co-channel scenarios as follows:

· Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto; in this case:

· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference. 

· Enhanced interference management is needed

· Techniques in TR 36.921 can be considered where appropriate

Among the methods mentioned in 36.921, power control (PC) of the HeNB is one of the techniques described that could be implemented by the HeNB to mitigate the interference to the Macro UE from the HeNB. In this contribution we evaluate the power control methods provided in TR 36.921. In addition, we provide a modified power control method for further comparison. Simulation results for both the control channel and the data channel are provided in this contribution. 
2 Control Channel Performance
Figure 1 shows the UE SINR distribution of MUE and FUE with Macro plus Femto deployment. 
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Figure 1 UE SINR in Macro-Femto co-channel deployment
The detailed simulation assumptions and parameters can be found in Appendix 1 compliant to TR 36.814. As shown in this figure, the MUE suffers significant interference from the Femto cell when it is located nearby or in the rooms with the Femto deployment. Up to 17% of the MUEs could be in outage when the SINR threshold is set at -6dB
. 
The following three power control methods are evaluated: 

1. Strongest receiving power of Femto from MeNB (TR 36.921-7.2.3.2)
Here the Femto adjusts its maximum transmit power according to the following formula
P_tx = max (min (α • P_M + β , P_max), P_min) [dBm]                                              (1)
where parameters P_max  and P_min  are the maximum and minimum Femto transmit power settings, P_M is the received power from the strongest co-channel macro cell at the Femto. Parameter  is a linear scalar that allows the slope of the power control mapping curve to be altered,  is a parameter expressed in dB that can be used for altering the dynamic range of the power control. 

From this equation, the transmission power of the Femto is purely based on the location of Femto compared to the MeNB. When it is near the MeNB, the transmission power will be high. Otherwise, it will reduce its transmission power for CCH interference mitigation for the MUE. 
2.
Femto -> MUE Pathloss (TR 36.921-7.2.3.3)

In this method, the Femto should set the transmit power as follows: 

P_tx = MEDIAN (P_M + P_offset, P_max, P_min) [dBm]                                           (2-1)
where P_max, P_min  and P_M have the same meaning as Eq. (1). P_offset (dB) is the power offset defined as follows.
P_offset = MEDIAN (P_Inter_Pathloss, P_Offset_max, P_Offset_min)                                 (2-2)
Here P_Inter_Pathloss is a power offset value corresponding to the indoor path loss and the penetration loss between the nearest MUE and the Femto. P_Offset_max and P_Offset_min are the max. and min. value of the P_offset to restrict its territory. 

From Eq. (2-1) and Eq. (2-2), the power control methods are related to both the Femto location and the pathloss between the nearest MUE and the Femto cell. When Femto is located near the MeNB and there is no MUE nearby Femto, then the transmission power of the Femto cell will be high. The final decision of the Tx power for Femto cell will be a compromise between the Femto location relative to the MeNB, and the MUE location relative to the Femto. 
3.
Power Control based on SINR of MUE
The last method for power control is based on the following equation: 
P_tx = max (min (α • P_SINR + β, P_max), P_min) [dBm]
This method is based on SINR sensing by the MUE. P_SINR is defined as the SINR between MeNB->MUE and nearest Femto->MUE. α and β remain the same as in Method 1. The objective of this method is to ensure the required SINR needed for the reception of the CCH by the MUE. 
3 Simulation Results for Power Control
In this section, we present the evaluation results of the CCH performance with the power control methods described above. Based on our geometry results of the SINR in Figure 1, we set different values of the parameters in these three methods as follows: 

For all three methods, P_max is set to be 20dB and P_min is set to be -10dB. For Method 1, α= 1, β = 90dBm and for Method 3, α= 1, β = 24dBm. 

Note that all the parameters here can be adjusted according to the optimization as necessary. As an example, in Method 3 β = 24dBm is chosen to guarantee that the SINR at most MUEs is higher than -6dB, since here we assume that -6dB is the minimum value of SINR for robust reception of CCH. Therefore, the value of β would be dependent on the scenarios. 

In Figure 1 and Table 1, we provide the CCH performance of all the UEs, including Macro UEs and Femto UEs. In Figure 2 and Table 2, we provide the CCH performance separately for the indoor MUEs and outdoor MUEs. From all the simulation results of CCH, we observe that all three power control methods can improve the outage performance of the Macro UEs. As expected, one of the trade offs is the degradation of the performance of the HeNB UEs. Among these three methods evaluated, the SINR based one has least impact on the FUEs compared to the other two methods. 
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Figure 1 UE CCH SINR Performance of Power Control 

Table 1 Performance for CCH with Power Control (assuming -6dB as the threshold of the CCH) 
	
	Baseline
	Method 1
	Method 2
	Method 3

	Femto UEs
	1%
	8.9%
	8.1%
	6.1%

	Macro UEs
	15.7%
	8.7%
	7.4%
	6.0%


From Figure 1 and Table 1, we see that power control can improve the tail MUE CCH performance, but also decrease the CCH performance of the FUEs.
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Figure 2 MUE CCH SINR Performance of Power Control (Indoor and Outdoor MUE Seperated)
Table 2 Performance for CCH of Indoor MUE and Outdoor MUE with Power Control (assuming -6dB as the threshold of the CCH) 

	
	Baseline
	Method 1
	Method 2
	Method 3

	Indoor MUEs
	46.5%
	25.5%
	21.5%
	17.0%

	Outdoor MUEs
	0.47%
	0.41%
	0.41%
	0.40%


From Figure 2 and Table 2, we see that the improvement provided by power control is only for the indoor MUEs. For outdoor MUEs, the impact on their performance is minimal. 

With Methods 2 and 3, information exchanges such as the RSRP from Femto to MUE or SINR of victim MUE should be shared with the HeNBs in advance. For example, the MeNB instructs the MUEs to perform measurement reports for the serving cell and neighbouring cell including the RSRP information. After receiving these measurement reports, the MeNB would send the RSRP information or SINR information to the Femto by the X2 or S1 interfaces, thus providing the information needed by the power control schemes
4 Conclusions

In this contribution, we have evaluated the Control channel performance with HeNB power control methods as specified in TR 36.921 for Macro-Femto deployment. The simulation results show that the HeNB power control schemes described can significantly improve the SINR of macro UEs at the cell edge close to HeNB. This  improvement is applicable for both the control and data channels. 
Further evaluations and steps to standardize these techniques should be discussed in RAN1.
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Appendix 1
Table 2 System simulation parameters of Macro eNB
	Parameter
	Assumption

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

	Inter-site distance
	500m

	Number sites
	7 sites (21 Macro cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	 eNB antenna pattern: 3 sectorized antenna elements with 14dBi gain 
UE antenna pattern: Omni

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	1 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	7 dB

	Number of UE antennas
	1 Rx

	Total BS TX power
	46 dBm

	UE distribution
	dropped with uniform density within the indoors/outdoors macro coverage area

	Minimum distance between UE and cell
	>= 35 m

	UE speeds 
	3 km/h


Table 3 System simulation parameters of Femto Cell
	Parameter
	Assumption 

	Carrier bandwidth
	10 MHz

	Femto Frequency Channel
	same frequency and same bandwidth as macro layer

	Cell Radius
	10 m

	Min separation UE to femto
	3m

	Number of Tx antennas at femto
	1 

	Femto antenna pattern
	omni antenna elements

	Femto antenna gain
	5 dBi

	Min/Max Tx power femto
	-10/20 dBm

	Maximum number of femto UE per femto
	1


Table 4 Femto Modelling parameters
	K (number of cells per column )
	4

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.1

	P (activation ratio)
	1

	Probability of macro UE being indoors
	35%


Dual Strip Model

[image: image4.emf]10 m

10 m

10 m

10 m

10 m


Table 5 Path loss models for dense apartment deployment 

	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	               PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to femto
	(3) Dual-stripe model: UE is inside the same apt stripe as femto
	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m
n is the number of penetrated floors
q is the number of walls separating apartments between UE and femto
In case of a single-floor apt, the last term is not needed

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 
+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m
q is the number of walls separating apartments between UE and femto 

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 
+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 
R and d2D,indoor are in m
q is the number of walls separating apartments between UE and femto

	
	(6) Dual-stripe model or 5x5 Grid Model: UE is within or outside the apartment block
	PL(dB) = 127+30log10(R/1000)
R in m
This is an alternative simplified model based on the LTE-A evaluation methodology which avoids modelling any walls. 


Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 
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