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1 Introduction

It has been agreed in RAN1 #61bis that power setting and time domain methods are considered as baseline solutions for macro-femto co-channel deployment. Further, it has been argued in [1] that power setting has less impact on network side specifications and no impact on the UE-side specifications.
In this contribution, the performance of power setting schemes for the macro-femto co-channel deployment is evaluated and discussed.
2 Power setting methods
2.1 Pure power reduction

One straightforward way for coordinating the Inter-Cell Interference (ICI) from Home-eNB (HeNB) to victim Macro-cell User Equipment (MUE) is to reduce the former’s transmission power. In Fig. 1, the Signal-to-Interference-and-Noise Ratio (SINR) geometry results are plotted for the scenario where the pure power reduction scheme is employed.
As shown in Fig.1, the performance of MUE was improved, when the HeNB reduced its transmit power by 50%. At the same time, however, the SINR geometry of Femto-cell UE (FUE) was significantly degraded.
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Fig. 1: The measured UE SINR geometry in macro-femto co-channel deployment with reduced HeNB transmit power.
In Table 1, we provide the outage performance recorded under the same scenario as Fig. 1. An SINR value of -6 dB was assumed to be the threshold of reliable Control Channel (CCH) reception. The baseline in Table 1 refers to the scenario where no power reduction is applied to HeNB, namely the maximum transmit power of 20 dBm was assumed. As shown in Table 1, an outage gain of 7% for MUE can be achieved, when the transmit power of HeNB is reduced from 20 dBm to 10 dBm, though at the cost of a 3.1% outage performance degradation of FUE. Moreover, when the HeNB’s transmit power is further reduced, the outage ratio of FUE becomes unacceptable. Such degradation is due to the fact that the pure power reduction method does not take into account the location information of HeNB. For example, when the HeNB is located at the cell center of MeNB, then it may be unnecessary for the former to apply power reduction, because the MUEs around the HeNB have sufficiently good SINR geometry. However, the pure power reduction method is unaware of such information and thus as expected is incapable of providing an optimum performance. In order to overcome the deficiency of the pure power reduction method, smart power control schemes are needed.

Table 1: Outage performance of the pure power reduction method (assuming -6 dB as CCH threshold).
	　
	Power reduction value

	UE category
	20 dBm (Baseline)
	10 dBm
	9 dBm
	8 dBm

	MUE
	16%
	9%
	7.7%
	7.3%

	FUE
	3%
	6.1%
	7.6%
	8.4%


Observation 1: Employing pure power reduction at HeNB can mitigate the interference imposed from the HeNB on the victim MUEs at the expense of resulting unacceptable CCH SINR levels for the FUEs. Therefore, smart power control schemes are needed.
2.2 Smart power control for HeNB

Smart power control schemes described in [2] show their capabilities to select a proper transmit power for HeNB according to its location. There are mainly two methods:

· power control based on interference measurement;

· power control based on HeNB-MUE path loss. 
2.2.1 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 [2]:
P_tx = max (min (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.

2.2.2 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 [2]:
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 Performance evaluation
The above-mentioned Power Setting (PS) methods aim at reducing the transmit power of HeNB to a proper level, such that the interference to the victim MUEs can be decreased. In Fig.2 and Table 2, we provide example simulation results for the PS schemes in Section 2.2. Performance of other power setting schemes can be found for example in [3].
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Fig. 2: The measured UE SINR geometry in macro-femto co-channel deployment with PS based on interference measurement.
Table 2: Outage performance of PS based on interference measurement  (assuming -6 dB as CCH threshold).
	
	Baseline
	PS method 1
	PS method 2

	
	
	β = 80
	β = 70
	β = 69
	β = 68
	

	MUE
	16%
	15%
	8.4%
	7.0%
	6.5%
	7.6%

	FUE
	3%
	3.5%
	6.5%
	6.7%
	7.2%
	8.0%


In comparison to pure power reduction methods, smart PS schemes allow individual HeNBs to choose their optimal transmit power according to the specific interference levels between MeNB and FUE, and thus are capable of reducing the interference to victim MUEs without significantly compromising FUE’s achievable performance. Note that the benefits of PS can be achieved, only by properly choosing the optimal PS algorithms and relevant parameters, since different PS schemes and configurations can have significantly varied performance, as shown in Table 2.
Observation 2: Power setting is efficient in striking a good trade-off between mitigation of the interference from HeNB to victim MUEs and the performance loss of FUEs, and thus should be adopted as the baseline solution to the CCH issue in macro-femto co-channel deployment.

Based on the above observations and analysis, we have the following suggestions:

Proposal 1: Power setting is adopted as baseline solution for control channel eICIC in macro-femto co-channel deployment. The specific PS methods to be used are FFS.
3 Conclusion
In this contribution, the pure power reduction and smart power setting schemes are evaluated and discussed. It has been shown that the pure power reduction method for HeNB can mitigate the interference imposed from the HeNB on the victim MUEs, though resulting in severe CCH performance degradation at the FUEs. By contrast, smart power setting methods can effectively reduce the interference without significantly compromising the FUE’s performance.

Based on the analysis, we suggest the following proposals be agreed in RAN1:
Proposal 1: Power setting is adopted as baseline solution for control channel eICIC in macro-femto co-channel deployment. The specific PS methods to be used are FFS.
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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: image3]

	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. 3: 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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