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1. Introduction

With the unplanned deployment of femto base-stations (HeNBs) in the macro-cell’s coverage area, the interference experienced by the macro users (MUEs) leads to a severe degradation of their performance, including both the outage probability and loss of MUE’s system throughput. Furthermore, the interference will be even more pronounced when the HeNBs are closed subscriber groups (CSGs). Typical macro UE’s SINR distribution under the presence of CSG femto cells can be found in Figure 1.
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Figure 1: HUE and MUE SINR without power control

Define the outage probability as the ratio of the macro UEs whose SINR is below -6 dB (UE may have difficulty to decode the PBCH if the experienced SINR is below -6 dB) to the total number of UEs. In Figure 1, it can be observed that the outage probability of the macro UEs is 16%. This means CSG femtos create a large “dead zone” for the macro UEs which are not members of the corresponding CSGs. 

In 3GPP RAN1 #61bis meeting, techniques for mitigating control interference for femto-macro situation have been discussed and the following observation and conclusion have been made:

“

Conclusion:
Solutions for macro-femto deployment:

· Consider power control and time domain solution as baseline solutions

· Frequency domain solution is not precluded.

· More concrete proposal of each solution should be provided (To be revisited on Friday, shown below)

· Ensure backwards compatibility to Rel8/9 UE

· Strive for at least one common TDD and FDD solution whenever possible

· Feedback from other WGs should be consolidated to make decision

· Applicability of macro-pico scenario is FFS

”

In general, the purpose of the power setting is twofold:
· Maintain home UEs (HUEs) coverage and throughput 
· Maintain throughput and outage probability of HUE 
· Mitigate macro UE (MUEs) experienced interference 

· Reduce outage probability of MUE
Therefore, in this contribution we investigate the performance of various power setting/control schemes for mitigating MUEs’ interference and maintaining HUEs’ throughput. Furthermore, we analyze the specification and signalling support for the corresponding power setting/control schemes.
2. Related Power Setting Schemes
In general, depending on whether there is information exchange between the victim MUE and HeNB, there are two types of the power setting (PS) schemes: with information exchange and without information exchange.
· In PS type 1, there is no information exchange between the victim MUE and the interfering HeNB. HeNB controls power setting only based on its own measurement from the macro eNB and the measurement report from its serving HUEs. Therefore, there is no additional interface needs to be defined between the victim MUE and the interfering HeNB. 
· In PS type 2, there is information exchange between the victim MUE and the interfering HeNB. Accordingly, HeNB controls power setting not only based on its own measurement from the macro eNB and the measurement report from its serving HUEs but also based on the measurement report from the victim MUE. Therefore, an additional interface has to be in place for this kind of power setting schemes.
There are many proposed power setting schemes in these two categories. 

2.1 PS type 1: PS schemes without information exchange (MUE ( HeNB)
The most prevailing schemes in this category are listed as follows.

Power Setting Method 0 (PS0): Ptx = Pmax
This is the baseline scheme where all the HeNBs transmit at their highest available transmit power. 
Power Setting Method 1 (PS1): Ptx = median (Pmax, Pmin, αPM + β), (section 7.2.3.2 of [1], [2] and [9])
where PM denotes the received power from the strongest eNB. In this power setting method, the transmit power of HeNB is set based upon the received power from the strongest macro eNB. 
Power Setting Method 2 (PS2): Ptx = median (Pmax, Pmin, PHUE_received + x + PL), [3, 4, 10]
where PHUE_received is the received interference + noise power at the HUE, x is the target SINR at the HUE and PL is the reported pathloss between the HUE and the corresponding HeNB. In this method, the transmit power of HeNB is set based upon the received SINR at the HUE. 
2.2 PS type 2: PS schemes with information exchange (MUE ( HeNB)

In [5], a power setting scheme is proposed to achieve very good performance. To be specific, the power setting scheme is described as follows:
Power Setting Method 3 (PS3): Ptx = median (Pmax, Pmin, αPSINR + β), [5]

where PSINR is the SIR between the macro eNB ( MUE and closest HeNB ( MUE. 
Even though it is already agreed in RAN1 #62 meeting that no backhaul coordination (X2, S1) should be assumed for macro-femto as the baseline for the purpose of eICIC, the performance of PS3 can still serve as a performance upper bound for those of power setting schemes in PS type 1. Therefore, the focus of this contribution will be in PS type 1.
2.3 Evaluation of the proposed power setting schemes
In this section, we evaluate the MUE and HUE performance of the related power setting schemes. The corresponding system parameters for evaluating different power setting schemes are listed in Table 1.

Table 1: Parameters for performance evaluation
	
	PS1
	PS1’
	PS2
	PS3

	Parameter
	α
	β
	α
	β
	x
	α
	β

	Value
	1
	70 dB
	0.8
	57 dB
	-4 dB
	1
	20 dB


 Note that when α is not 1, the unit of the PS1 will not be dBm.
The geometry distribution of HUE and MUE can be seen in Figure 2 and in Figure 3 respectively. 
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Figure 2: Geometry Distribution of HUE for PS0 – PS3
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Figure 3: Geometry Distribution of MUE for PS0 – PS3
Accordingly, the outage and throughput analysis for MUE and HUE can be found in Table 2.

Table 2: Performance Evaluation of Current Power Settings
	
	PS Type 1
	PS Type 2

	
	PS0 (baseline)
	PS1
	PS1’
	PS2
	PS3

	Outage for HUE (%)
	1.8
	7.29
	6.51
	0.25
	5.25

	Outage for MUE (%)
	15.8
	7.20
	6.04
	4.83
	4.72

	Average HUE Throughput (bps/Hz)
	4.17
	2.47
	2.28
	1.68
	3.77


From Figure 2 and Table 2, it can be seen that there is a clear trade-off between the MUE’s performance and HUE’s performance. To be specific, compared with baseline scheme where no additional power setting equations are supported (each HeNB transmits at Pmax), all the power setting schemes reduce the average throughput of the HUE. 
Furthermore:

· PS1 achieves a good balance of all the performance metrics (outage of HUE, outage of MUE, and average HUE throughput). 
· As suggested in [8], by changing parameters (both α and β) in PS1, we can achieve different trade-off points (improve one metric at the cost of the other metrics). Here PS1’ achieves good outage of HUE and outage of MUE at the cost of average HUE throughput. 
· In PS2, since HeNB is transmitting power according to some target SINR received at the HUE, it minimizes the outage for the HUE and MUE at the expense of the average HUE throughput. In this power setting scheme, HeNB is extremely conservative to only barely maintain the links between HeNB and HUEs. 

· PS3 outer-performs PS1 in all aspects at the expense of additional measurement report from MUE to the interfering HeNB and can be served as the upper bound for the PS type 1.
3. Proposed Power Setting Schemes
In this section, we will propose several power setting schemes within the category of PS type 1. 

As described in Section 1, the goals of power setting at HeNB are 
· (first goal, G1): to mitigate MUEs’ experienced interference
· (second goal, G2): to maintain HUEs’ throughput requirements and 
From Section 2, we learned that controlling the transmit power of HeNB based on the received power from the macro eNB to HeNB (PM) can efficiently achieve G1, however it does not help G2. On the other hand, we know that schemes similar to water-filling may help us increase the system throughput [6] (achieve G2). 
Therefore, we linearly combine the following two terms in different ways to design the power setting algorithms:

1. PM, the received power from the eNB to HeNB,
2. PH, the received power from the HeNB to HUE.
On top of these parameters, we also add the pathloss (PL) between the HUE and the corresponding HeNB as an offset to the power setting equation. 
On top of these parameters, we also propose that the power setting scheme should be partially based on PPUCCH of the HUE (transmit power of PUCCH of HUE). The rationales behind these schemes are:

· PPUCCH is proportional to the interference power received at the HeNB

· In medium to low deployment ratio, interference power received at the HeNB reflects how close to the HeNB a MUE is. 

In a sense, the level of PPUCCH serves as an indication of whether there is a MUE close enough to the HeNB. This can be seen clearly in the following figure: 
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Figure 4: Dependence between PPUCCH and MUE location
Therefore, once the PPUCCH of a serving HUE is relative large, there might be a MUE in the close vicinity of the HeNB, accordingly, the HeNB should reduce the transmit power to mitigate the interference to the corresponding MUE.
Power Setting Method 4 (PS4): Ptx = median (Pmax, Pmin, γPM + (1 – γ) PH + PL – η (PPUCCH – β)+).
In PS4, other than the effects of PPUCCH, γ is a scalar between 0 and 1 to balance the two effects:

· The first effect relies on PM which can help to achieve G1 

· The second effect relies on PH which can help to achieve G2. 

· Actually, performing power setting based on PH has the flavor of performing water-filling in the sense that HeNB will transmit higher power for high geometry HUEs while transmit lower power for low geometry HUEs. 
β is an offset parameter to compensate the effects of different deployment ratio. For example, in high deployment ratio scenario, HUE may need to use higher PPUCCH to compensate the interference from other HUEs, therefore, a higher β may be needed. 
Other than linearly combining PH and PM, we can also combine the following two terms:
1. PM, the received power from the eNB to HeNB,
2. PSINR, HUE – x, where PSINR,HUE is the received SINR at the HUE (HeNB can estimate this value from RSRQ report) and x is the offset value to control the overall performance (x can be related to the Quality of Service requirement of the HUE). 

On top of these parameters, as in PS 4, we also propose that the power setting scheme should be partially based on PPUCCH of the HUE (transmit power of PUCCH of HUE).
Power Setting Method 5 (PS5): Ptx = median (Pmax, Pmin, PM -  γ(PSINR, HUE – x) + PL – η (PPUCCH – β)+).
In PS5, γ is the parameter controls the effect of (PSINR, HUE – x) on the overall power setting: 
· The first effect relies on PM which can help to achieve G1 

· The second effect relies on (PSINR, HUE – x) which can help to achieve a good outage for HUE (achieve G2). 

· Actually, performing power setting reverse proportional to (PSINR, HUE – x) has the flavor of performing channel-inversion [7] like power setting scheme for HUE in the sense that HeNB will increase transmit power in case where PSINR, HUE is less than x and will decrease transmit power otherwise. 
In PS5, offset x actually reflects the QoS of the HUE in the sense that the higher x the better outage and the better the average HUE throughput.
PS4 and PS5 are fundamentally different from each other because of the different treatment of the PSINR: 
· In PS4, HeNB will perform water-filling alike power setting scheme for HUE which will result in good average throughput for HUE;

· In PS5, HeNB will perform which will result in a good outage for HUE.

4. Performance Evaluations
In this section, we present the evaluation results for the control channel performance using the proposed power setting schemes. 

Exemplary parameters for the evaluation for PS4 and PS5 are listed in Table 3.
Table 3: Exemplary parameters for proposed power setting schemes

	
	PS4
	PS5

	Parameters
	γ
	η
	β
	γ
	x
	η
	β

	Values
	0.7
	2
	5 dBm
	0.7
	55 dB
	3
	0 dBm


In Figure 4, we provide the geometry distribution of HUEs. In Figure 5, we provide the geometry distribution of MUEs.
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Figure 5: Geometry Distribution of HUE for PS0 – PS5
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Figure 6: Geometry Distribution of MUE for PS0 – PS7
Accordingly, the outage and throughput analysis for MUE and HUE can be found in Table 4.
Table 4: Performance Evaluation of Various Power Setting Schemes
	
	PS Type 1
	PS Type 2

	
	PS0
	PS1
	PS2
	PS4
	PS5
	PS3

	Outage for HUE (%)
	1.8
	7.29
	0.25
	5.27
	5.32
	5.25

	Outage for MUE (%)
	15.8
	7.20
	4.83
	5.34
	5.18
	4.72

	Average HUE Throughput (bps/Hz)
	4.17
	2.47
	1.68
	2.67
	2.16
	3.77


Note that for different power setting schemes there will be different trade-off between MUE performance and HUE performance, in Table 4 the performance results are shown for the trade-off points where the MUE outage and HUE outage are roughly the same for each power setting scheme. 
From Figure 4, Figure 5, and Table 4, we can see that all the proposed power setting schemes achieve very good trade-off between MUE outage and HUE outage/average HUE throughput. In particular:
· PS4 achieves very good performance in terms of outage of MUE/HUE and very good MUE throughput.

· PS5 achieves the best performance in terms of outage of MUE and HUE.

Note that the difference between PS4 and PS5 reflects the difference between water-filling and channel-inversion. To be specific, PS5 achieves better outage performance for HUE at the cost of average HUE throughput.

It seems that all the proposed schemes give good trade-off between the performance metrics. Furthermore, for the case of macro-femto CSG, since HUE can still hand over to macro eNB while MUE cannot, outage of MUE is a relatively more important than the rest of the metrics, therefore, PS4 and PS5 seem to be the most appropriate power setting schemes which gives good MUE outage probability and good HUE performance (both outage and average throughput). Proposal: RAN WG4 starts standardizing power setting schemes for HeNBs based on PPUCCH. 
5. Conclusion

In this contribution, we evaluate the current available power setting schemes for interference mitigation in the macro-femto CSG scenarios. A clear trade-off between the MUE outage and HUE performance (outage and average throughput) is observed. Based on the trade-off, we propose four new power setting schemes in the class of PS type 1 which achieve good performance for both HUEs and MUEs comparable to the power setting scheme in PS type 2.
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7. Appendix

Table 6: 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 7: 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 8: 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 9: 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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