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1 Introduction
In RAN #62, the WF on eICIC [1] identifies the priorities for eICIC Macro–Femto Co-channel scenarios:

· Macro-Femto: 

· Baseline

· No backhaul coordination 
· Reflects RAN3 status 

· Time-domain/power setting solutions

· Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 

Among these eICIC techniques, the focus of this contribution is on power setting solutions. These techniques fall into two categories depending on whether they require additional information related to MUE/MeNB or not. Since obtaining this additional information has a potential cost in terms of complexity or signaling, one has to determine how much performance gain can be achieved by doing so.

In this contribution, the performance of different power setting schemes is studied. It is shown that a simple modification to the scheme outlined in [6] to utilize the already available information on the quality of the HUEs brings significant improvements that could justify obtaining the information from the MUE/MeNB, using one of the mechanisms outlined in [10]. 
2 Power Setting Schemes
The performance of power setting schemes can be evaluated in terms of two figures of merits:

· The SINR outage probabilities of MUEs and HUEs

· The average SINR (or throughput) of HUEs

In this section, two different categories of power setting schemes are reviewed and the proposed power setting scheme is described.

2.1 Power Setting Schemes with no Information Exchange
In this category, the HeNBs adjust their transmit powers without any additional information provided from MUE/MeNB. 
2.1.1 Scheme 1: Baseline Power Setting Scheme

The HeNBs transmit at their maximum power.

2.1.2 Scheme 2
In this scheme the HeNB adjusts its maximum transmit power according to the following formula [3], 
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where α2 and β2 are configuration parameters, Pmax  and Pmin  are the maximum and minimum HeNB transmit power settings and PM  is the received power in dBm from the strongest co-channel macro cell at the HeNB [1]
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2.2 Power Setting Schemes using Information from MUE
In this category, the HeNBs adjust their transmit powers based on some information known from the MUE/MeNB. 

2.2.1 Scheme 3
In this scheme the HeNB downlink power is adjusted based on the measured SINR values at the victim MUE and the HeNB maximum power is adjusted as follows [6]
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Where PSINR is defined as the SINR between MeNB->MUE and nearest Femto->MUE and the parameters α3 and β3 are configuration parameters. The objective of this method is to ensure a certain SINR needed for the reception of the MUE. The same technique is also investigated by other companies in [7]
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2.2.2 Scheme 4: Proposed Power Setting Scheme

In our proposed power setting scheme the transmit power of HeNB is adjusted as follows
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Where TMUE refers to a predefined threshold for the MUE PSINR feedback, THUE refers to the maximum SINR threshold for HUE and Pinit denotes the initial HeNB power prior to the power updating process. Moreover, PSINR remains the same as that of defined in (2.2).

The main distinction between the Scheme 4 and Scheme 3, i.e., (2.2), is that Scheme 4 takes advantage of the SINR-related feedback provided by HUE connected to the HeNB of interest and consequently, the HeNB adjusts its power so the SINR value at its HUE is not greater than a predefined threshold, i.e., THUE. The rationale behind this power limiting approach is that it is not useful to set the HeNB power above a point where the maximum MCS for data channels is reached for its served HUE(s). Doing so only generates excessive interference on the MUEs and other HUEs.

3 Performance Evaluation of Power Setting Schemes
In this section, the performance of the aforementioned power setting schemes is evaluated according to the system configuration described in Appendix A.
For all schemes the Pmax is set to 20 dBm whereas Pmin is set to -10 dBm. For each algorithm, the configuration parameters are selected to have equal outage probabilities for both MUEs and HUEs.
For Scheme 2, α2=1 and β2=70 dB. The performance of this scheme is compared to that of baseline in Figure 1 and Figure 2.
For Scheme 3, α3=1 and β3=-1 dBm. The performance of this scheme is presented in Figure 3 and Figure 4.
For Scheme 4, THUE is set to 22 dB and TMUE is set to 2 dB. As shown in Figure 3, by using the proposed scheme, the wideband SINRs of HUEs are limited to 22 dB as expected.
The outage probability of wideband SINR for all considered schemes is presented in Table 1 assuming an outage wideband SINR threshold of -6 dB. 
Table 1: Outage SINR performance for different power setting schemes 

	
	Baseline
	Scheme 2
	Scheme 3
	Scheme 4

	Femto UEs
	3.1%
	4.8%
	6.0%
	4.4%

	Macro UEs
	13%
	5.3%
	6.1%
	4.0%


As shown in Table 1, the outage probabilities of Scheme 2 are relatively close to those of Scheme 4, however, Figure 1 shows that the HUEs wideband SINR values of Scheme 2 are from 2 to 10 dB worse than those of Scheme 4, which means a significant reduction of HUEs’ throughput if Scheme 2 used.

Comparing the performance of Scheme 4 to Scheme 3 shows that in terms of outage probabilities, Scheme 4 outperforms Scheme 3 by more than 30% and at the same time, it provides almost 2dB better average wideband SINR for HUEs. Note that higher average SINR for HUEs results in higher average throughput. This confirms that Scheme 4 provides significantly better performance compared to other mentioned algorithms in terms of both performance evaluation criteria, i.e., outage probability and average wideband SINR.
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Figure 1: Performance of baseline, Scheme 2 and Scheme 4 power setting schemes (the vertical line represents the outage wideband SINR threshold of -6 dB).
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Figure 2: Zoomed-in version of Figure 1
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Figure 3: Performance of baseline, Scheme 3 and Scheme 4 power setting schemes (the vertical line represents the outage wideband SINR threshold of -6 dB).
[image: image8.emf]-20 -15 -10 -5 0 5 10

0

0.05

0.1

0.15

Wideband SINR (dB)

CDF

UE wideband SINR - 6 floors, 10% DR

 

 

Scheme 4 HUE

Scheme 4 MUE

Scheme 3 HUE

Scheme 3 MUE

Baseline HUE

Baseline MUE


Figure 4: Zoomed-in version of Figure 3.
4 Specification Impact 
As explained in Section 2.2.2, Scheme 4 requires two types of information; one is PSINR from the MUEs and the other one is SINR value of the HUEs.

The impact of the first information, i.e., PSINR of the MUEs, on the specification was discussed in [10]. Another possibility is that the MUE directly reports the information to the HeNB, which would impact at least the RRC specifications.
The second type of information (quality of the connected HUEs) is already available to the HeNB with current specifications. The HeNB could either use L1 feedback (i.e., CQI) or configure L3 measurements (RSRQ). What could then be specified is a quality threshold, either in terms of RSRQ or CQI, for which a connected HUE shall not exceed.
5 Conclusions 
In this contribution, the performance of different power setting schemes for downlink connection in a macro-femto configuration of HetNets is evaluated. Furthermore, a power setting scheme utilizing information from both MUEs and HUEs is presented and is shown to provide higher gains in terms of both average wideband SINR for HUEs and wideband SINR outage probabilities for MUEs and HUEs. These gains are believed to justify the cost of obtaining the information from MUEs using one of the approaches outlined in [10].
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Appendix A:
Simulation assumptions
See [6] and [8].
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 modeling 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
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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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