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1. Background

In RAN1#61bis, RAN1 discussed candidate solutions focusing on macro-femto deployment scenario, without precluding macro-pico scenario. Power control is regarded as one of the baseline solutions.
Some companies have proposed power control schemes in serveral contributions, e.g. in [1]

 REF _Ref269828075 \n \h 
[2]

 REF _Ref269828077 \n \h 
[3][4]
The power adaptation can take one of the following mechanisms:
· Power Control based on strongest receiving power of MeNB at the HeNB (TR 36.921-7.2.3.2)
· Power Control based on Femto -> MUE Pathloss  (TR 36.921-7.2.3.3)
· Power Control based on SINR of MUE (R1-104102)
In this contribution, we evaluate the performance of the above three power control solutions in Macro-Femto scenario.

2. HeNB Power Control Method 1
For power control method 1, power control is based on the strongest receiving power of MeNB at the HeNB:

The Femto shall adjust 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  is the maximum and minimum Femto transmit power settings, P_M is the received power from the strongest co-channel macro cell on Femto. Parameter  is a linear scalar that allows altering the slope of power control mapping curve,  is a parameter expressed in dB that can be used for altering the dynamic range of power control.
We evaluate Method 1 with the following assumptions. Macro cells and femto cells share one frequency band. The simulation parameters for Method 1 are listed in Table 2.1. The detailed simulation assumptions for macro-femto are described in Tables 7.1, 7.2 and 7. 3 in Annex. 
Table 2.1. Some parameters for HeNB Power Control Method 1 in Macro-femto deployment
	R
	0.1

	Probability of MMS indoors
	35%

	Number site
	7site(21macro cells)with wrap-around

	Max BS Tx power
	46dBm

	Max Femto Tx Power
	20dBm

	Min Femto Tx Power
	-10dBm
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	30-90dBm at a step size of 5dBm
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Figure 2.1. DL wideband SINR in macro-femto deployment (HeNB PC Method 1, 
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Figure 2.2. DL wideband SINR in macro-femto deployment (HeNB PC Method 1, 
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Figure 2.3. DL wideband SINR in macro-femto deployment (HeNB PC Method 1, 
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From Figure 2.1, 2.2 and 2.3, we can see that there are tradeoffs between geometry of HUE and geometry of MUE. That is to say, power control can improve the MUE SINR performance, but also decrease the SINR performance of the HUEs. In Table 2.2, we listed the probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 1. The best outage probability for HeNB power control method 1 is 4.67% for HUE and 5.34% for MUE. 
Table 2.2. Probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 1
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	HUE
	4,19
	6.32
	4.67
	6.34

	MUE
	6.36
	4.23
	5.34
	5.14


3. HeNB Power Control Method 2
For power control method 1, Power Control is based on Femto -> MUE Pathloss.
The Femto should set the transmit power as follows: 

P_tx = MEDIAN (P_M + P_offset, P_max, P_min) [dBm]                                       (2)    
Where P_max, P_min  and P_M hold the same meaning as Eq. (1). P_offset (dB) is the power offset described below in detail.
P_offset = MEDIAN (P_Inter_Pathloss, P_Offset_max, P_Offset_min)                  (3)             

Here P_Inter_Pathloss is a power offset value related 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.

We change the value of P_offset in Eq. (2).from 30dBm to 90dBm at a step size of 5dBm. Macro cells and femto cells share one frequency band. The simulation parameters for Method 2are listed in Table 3.1. The detailed simulation assumptions for macro-femto are also described in Tables 7.1, 7.2 and 7. 3 in Annex.
Table 3.1. Some parameters for HeNB Power Control Method 2 in Macro-femto deployment
	R
	0.1

	Probability of MMS indoors
	35%

	Number site
	7site(21macro cells)with wrap-around

	Max BS Tx power
	46dBm

	Max Femto Tx Power
	20dBm

	Min Femto Tx Power
	-10dBm

	P_offset
	30dBm~90dBm at a step size of 5dBm
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Figure 3.1. DL wideband SINR in macro-femto deployment (HeNB PC Method 2).
From Figure 3.1, we can see that there are tradeoffs between geometry of HUE and geometry of MUE. That is to say, power control can improve the MUE SINR performance, but also decrease the SINR performance of the HUEs. In Table 3.2, we listed the probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 2. The best outage probability for HeNB power control method 2 is 5.38% for HUE and 4.91% for MUE.
Table 3.2. Probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 2
	P_offset
	30
	35
	40
	45
	50
	55
	60
	65
	66
	67
	68
	69
	70

	HUE
	41.19
	39.67
	37.16
	32.34
	24.61
	16.9
	10.33
	6.32
	5.84
	5.38
	4.92
	4.60
	4.19

	MUE
	0
	0
	0
	0.25
	0.65
	1.24
	2.49
	4.23
	4.56
	4.91
	5.39
	5.87
	6.36

	P_offset
	75
	80
	85
	90
	

	HUE
	3.03
	2.54
	2.35
	2.22
	

	MUE
	8.93
	11.33
	13.16
	13.98
	


4. HeNB Power Control Method 3
For power control method 1, Power Control is based on SINR of MUE.
The Femto power control is based on the follow equation 

P_tx = max (min (α • P_SINR + β, P_max), P_min) [dBm]                                  (4)
This method is based on the SINR sensing of the MUE. P_SINR is defined as the SINR between MeNB->MUE and nearest Femto->MUE. α and β have the same definition of Method 1. The aim of this method is just to guarantee the SINR, and then protect the reception of the CCH of MUE. 

We evaluate Method 1 with the following assumptions. Macro cells and femto cells share one frequency band. The simulation parameters for Method 3 are listed in Table 4.1. The detailed simulation assumptions for macro-femto are also described in Tables 7.1, 7.2 and 7. 3 in Annex.
Table 4.1. Some parameters for HeNB Power Control Method 3 in Macro-femto deployment
	R
	0.1

	Probability of MMS indoors
	35%

	Number site
	7site(21macro cells)with wrap-around

	Max BS Tx power
	46dBm

	Max Femto Tx Power
	20dBm

	Min Femto Tx Power
	-10dBm
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	5-24dBm
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Figure 4.1. DL wideband SINR in macro-femto deployment (HeNB PC Method 3, 
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Figure 4.2. DL wideband SINR in macro-femto deployment (HeNB PC Method 3, 
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From Figure 4.1 and 4.2, we can see that there are tradeoffs between geometry of HUE and geometry of MUE. That is to say, power control can improve the MUE SINR performance, but also decrease the SINR performance of the HUEs. In Table 4.2 and Table 4.3, we listed the probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 3 with 
[image: image20.wmf]1

a

=

 and 
[image: image21.wmf]0.8

a

=

, respectively. The best outage probability for HeNB power control method 2 is 3.59% for HUE and 2.75% for MUE.
Table 4.2. Probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 3 (
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（dBm）
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	HUE
	4.77
	4.55
	4.32
	4.18
	3.87
	3.87
	3.63
	3.47
	3.34
	3.15
	3.08

	MUE
	0.9
	1.06
	1.30
	1.60
	2.43
	2.43
	3.02
	3.94
	4.86
	5.64
	6.46
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（dBm）
	21
	22
	23
	24
	

	HUE
	2.95
	2.88
	2.78
	2.66
	

	MUE
	7.04
	7.61
	8.24
	8.80
	


Table 4.3. Probability of the UEs who is in outage when the SINR threshold is set at -6dB for HeNB power control method 3 (
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（dBm）
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	HUE
	5.76
	5.40
	5.12
	4.84
	4.66
	4.36
	4.15
	3.87
	3.59
	3.44
	3.33

	MUE
	0.51
	0.57
	0.70
	0.91
	1.09
	1.35
	1.71
	2.17
	2.75
	3.61
	4.93
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（dBm）
	16
	17
	18
	19
	20
	21
	22
	23
	24
	

	HUE
	3.11
	3.00
	2.91
	2.77
	2.70
	2.59
	2.42
	2.33
	2.22
	

	MUE
	5.77
	6.51
	7.30
	8.03
	8.68
	9.18
	9.74
	10.17
	10.43
	


5. Observations
In this contribution, we obtain downlink wideband SINR distributions in Macro-Femto with different HeNB power control methods. Based on the results, it can be seen that the MUE SINR based HeNB power control scheme (Method 3) has better SINR performance than the other two methods. However, with Methods 3, the SINR of victim MUE should be shared with the HeNBs in advance. That is to say, the MUEs should perform measurement such as SINR and then report it to MeNB. After that, MeNB should send the SINR information to HeNB by the X2 or S1 interfaces. Based on this SINR information, HeNB will perform downlink power control.
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7. Annex
Table 7.1. Macro-femto system assumptions

	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m

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

	Shadowing standard deviation
	4 dB for link between HeNB and HeNB UE. 8 dB for other links.

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	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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	Combining method in 3D antenna pattern
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	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	BS antenna height
	32m

	UE antenna height
	1.5m

	UE noise figure
	9 dB

	Total BS TX power
	46 dBm

	UE power class
	23 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.

	Minimum distance between UE and macro cell
	35 m

	Minimum distance between HeNB and macro cell
	75 m

	Minimum distance between UE and HeNB
	3 m

	Minimum distance among HeNB
	40 m


Table 7.2. Urban-dense HeNB modelling parameters of Dual Stripe Model
	max number of cells per row 
	10

	number of blocks per cell
	1

	number of floors per block  
	6

	deployment ratio *activation ratio
	0.1

	Femto UE number per active HeNB
	1

	Probability of macro UE being indoors
	35%


Table 7.3. Path loss models for urban (dense apartment) deployment in Macro-femto deployment
	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) 

For 2GHz, R in m.

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

For 2GHz, R in m

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UE to femto BS
	(3) Dual-stripe model: UE is inside the same apt stripe as femto BS


	  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 BS

	
	(4) Dual-stripe model: 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

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 

	
	(5) Dual-stripe model: 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 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB


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. 

Low is the penetration loss of an outdoor wall, which is 20dB.

Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
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