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1 Introduction

At RAN1#62, it has been agreed that Power Setting (PS) is one of the baseline solutions for Macro-Femto eICIC. In this contribution, the performance of PS schemes is evaluated by system-level simulations. More specifically, three PS methods were investigated:

· Power control based on interference measurement
· Power control based on HeNB-MUE path loss
· Combined power setting
2 Introduction of power setting methods
2.1 Power control based on interference measurement
In this scheme, the HeNB adjusts its maximum downlink (DL) transmit power as a function of air-interface measurements to avoid interference on MUEs, as described by the following formula [1]:
P_tx = MEDIAN (α • P_M + β , P_max, P_min) [dBm],                                           (1)
where P_max  and P_min  are the maximum and minimum HeNB transmit power in dB, respectively, while P_M is the strongest power from the co-channel Macro-cells measured at the HeNB. Parameter  is a linear scalar that allows altering the slope of power control mapping curve. Parameters Pmin, , and  are considered to be HeNB configuration parameters, and Pmax corresponds to the HeNB’s maximum transmit power capability.

2.2 Power control based on HeNB-MUE path loss
In this scheme, the HeNB adjusts the DL transmit power according to the measured path loss between the HeNB and an outdoor neighbor MUE including penetration loss, for the sake of providing better interference mitigation for the MUE while maintaining good HeNB coverage. The path-loss-based power control method is formulated as [1]:
P_tx = MEDIAN (P_M + P_offset, P_max, P_min) [dBm],                                           (2)
where P_max, P_min  and P_M have the same meanings as in (1). P_offset (dB) is the power offset given by:
P_offset = MEDIAN (P_Inter_Pathloss, P_Offset_max, P_Offset_min).                               (3)
The parameter P_Inter_Pathloss in (3) is a power offset value related to the indoor path loss and the penetration loss between the nearest MUE and the HeNB, while P_Offset_max and P_Offset_min are the predefined maximum and minimum values of P_offset, respectively.
2.3 Combined power setting
In this scheme, the results from HeNB-MUE path loss measurement and interference measurement are weighted and combined to jointly decide the HeNB DL transmit power. At the same time, in order to guarantee the required SINR performance of FUE, the transmit power of HeNB has to meet the minimum SINR requirement Γfor FUEs. The following formula is used:
P_tx = MEDIAN (max(α •P_M + γ•P_offset + β, P_low),  P_max, P_min) [dBm],                (4)
where 
P_low = Γ+Ω+IoT                                                                                (5)
is the minimum power needed to meetΓ, IoT is the interference from the nearest MeNB over thermal noise in dB and Ω is the noise power in dB.
3  Simulation results
In this section, the above-mentioned PS schemes are evaluated from performance perspective. The 5%-tile cell-edge SINR performance is given in Table 1. It can be seen that significant improvement was achieved through the employment of the PS techniques. More specifically, with the aid of the combined PS method, an improvement of 12 dB in the cell-edge SINR performance of MUE was obtained, at the cost of only 2 dB degradation in the cell-edge FUE SINR performance.
Furthermore, if -4 dB (which corresponds to 1% BLER) is assumed as to be the CCH threshold [2], the outage ratio of MUE was reduced from 17% associated with the scenario where eICIC is disabled, to 12%, 11% and 6% associated with the employment of the interference measurement based, the HeNB-MUE path loss measurement based and the combined PS schemes, respectively.

Table 1: 5%-tile cell-edge SINR performance in dB.
	
	No eICIC
	PS 1
	PS 2
	Combined 

	MUE
	-19.7
	-12.0
	-8.2
	-4.4

	FUE
	-2.0
	-10.6
	-9.7
	-4.0


Table 2: Outage performance of various PS methods (assuming -4 dB as CCH threshold).
	
	No eICIC
	PS 1
	PS 2
	Combined

	MUE
	17%
	12%
	11%
	5.9%

	FUE
	3.7%
	10.8%
	10%
	5.2%


The SINR geometry distribution of MUE and FUE for different PS methods, as well as that the benchmark with ICIC disabled, are portrayed in Fig. 1. It shows that the combined PS scheme is capable of achieving significant cell-edge performance improvement for MUE, while maintaining FUE’s minimum performance.
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Fig. 1: The measured SINR geometry in Macro-Femto co-channel deployment with employment of different PS schemes.

Observation: It is possible for power setting to strike a sufficiently good trade-off between mitigation of the interference from HeNB to victim MUEs and the performance loss of FUEs, while simultaneously meeting the minimum SINR requirement for MUE and FUE.
Proposal 1: Power setting can be used with TDM-based eICIC methods, or can replace TDM in the scenarios where the employment of TDM is inappropriate.
4 Conclusion
It has been shown in our simulation results that PS can reduce the interference from the aggressor HeNB to the victim MUE. Furthermore, the combined power setting method may further reduce the associated interference. It is also possible to simultaneously achieve the SINR requirement for MUE and FUE by selecting an appropriate PS method in Macro-Femto co-channel deployment.
Proposal 1: Power setting can be used with TDM-based eICIC methods, or can replace TDM in the scenarios where the employment of TDM is inappropriate.
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Annex: System simulation assumptions
The simulation parameters used in our investigation are summarized in this section for Macro-cell and Femto-cell, respectively.
Table 3: System assumptions for Macro-cell [4].
	Parameter
	Configuration

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

	System bandwidth
	10 MHz

	Carrier Frequency
	2000 MHz

	Inter-site distance
	500 m

	Number of sites
	19 sites (57 sectors) with wrap-around

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of shadowing
	50 m 

	Shadowing correlation
	Between cells
	0.5 

	
	Between sectors
	1.0 

	Penetration loss (indoor UEs assumed)
	20 dB

	Path loss model
	Refer to Table 6

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Total BS Tx power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW) (for simplicity, Maximum Power Reduction (MPR) versus modulation scheme is not modelled)

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

	Antenna bore-sight points toward the flat side of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image2]

	Minimum distance between UE and cell
	35 m

	Number of UEs uniformly distributed in Macro-cell
	50


Table 4: System assumptions for Femto-cell [4].

	Parameter
	Configuration

	Carrier bandwidth
	same bandwidth as Macro layer

	Femto Frequency Channel
	same frequency as Macro layer

	Shadowing standard deviation
	4 dB for Link between HeNB and FUE
8 dB for other links

	Shadowing correlation
	0

	Cell Radius
	10 m

	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

	Min separation UE to Femto
	3 m

	Minimum distance between Femto and Macro
	75 m


Table 5: Parameters for the Femto-cell model [3].
	Parameter
	Configuration

	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%
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Fig. 2: Dual Strip Model [3].
Table 6: Path loss models for dense apartment deployment [4].
	Cases
	Path Loss (dB)*

	UE to MeNB
	(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 HeNB
	(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

	
	(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


*Notes:

- 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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