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1. Introduction
The interference management is considered as an essential aspect for the Het-Net operation. The possible interference problems have been identified in [1] for various Het-Net scenarios. The interference in Macro-Femto downlink is especially severe, which is mainly from the Femto to the Macro UE (MUE). Without any interference coordination scheme, the control channels (CCHs) will suffer from weak performance, which may bring troubles for the robust operation of the system.

The downlink interference could be mitigated by power control (PC) technique. A Femto downlink transmit power control scheme is provided in this contribution to improve the MUE performance by restricting the expected received power of Femto UE (FUE). The motivation is to evaluate the downlink CCH’s performance improvement scope by using the PC scheme supported by R8/9 specification, i.e. evaluate whether the current LTE mechanism can solve the main co-channel problem.
The simulation results show that the proposed PC scheme is capable to mitigate the interference suffered by tail MUEs to a certain extent. But it is not yet sufficient unless by the assistant of other interference coordination method, such as “MBSFN method” proposed in [4].
2. Problem Identification
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                                                                                    Figure1. UE SINR in Macro-Femto co-channel deployment
As shown in the geometry curve of Fig.1 (whose details of simulation parameters and assumptions can be referred in Appendix), the tail MUE(s) in Macro-Femto co-channel deployment encounters severer interference problem mainly generated by the CSG Femto cell. These MUE(s) suffering from Femto interference mostly locate in/around the room with Femto. Apparently the CCH of more than 20% MUE(s) may fail to work due to the SINR below -2dB, which is the minimum requirement for CCH in [3]. 
Hence the CCH interference mitigation deserves primary attention to enable the Heterogeneous network robust operation.
3. R8/9 UE compatible PC Algorithm Description for CCH
The algorithm of the proposed PC scheme is formulated in this section. The main idea is to decrease the downlink MUE suffered interference, by controlling the objective SINR of FUE. Several attempts are needed to obtain the suitable objective value, by reducing the objective SINR gradually.
The transmission power of the HeNB shall be calculated as follow:
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Where
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 is the strongest Macro cell interference to FUE; 
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is the assumed background noise value;
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is the objective FUE SINR; the objective FUE SINR of -4dB is used in the following simulation;
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 is the path loss from the HeNB to the served FUE, which can be computed by HeNB from the reported RSRP. If there are more than one FUEs in the HeNB cell, the min RSRP is used to cope with the worst case; 
Pmin is the minimum transmission power of HeNB, which is -10dBm in the following simulation;
Pmax is the maximum transmission power of HeNB, which is 20dBm in the following simulation.
4. Simulation Results and Analysis
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(a) DL geometry of MUE                                       (b) DL geometry of FUE
Figure2. Edge UE CCH performance with and without power control scheme
As is shown in Fig 2 (a), the power control scheme is able to improve the SINR of MUE(s), especially for the tail users. The SINR of 5% edge MUE increase from -27dB to -8dB, which means the CCH coverage of MUE(s) benefits from the PC scheme. 
The cost of this PC scheme can be seen in Fig 2 (b), the channel condition of FUE(s) will be damaged by the limitation of the HeNB transmission power. In this simulation, the SINR of 5% edge FUE(s) is degraded to about -8dB.
As shown in [3] that the tolerated thresholds of the CCHs are: -2dB for PCFICH, -8.3dB for PBCH, -7dB for 24 source bits PDCCH applying 8CCE aggregation, and -3dB for PHICH. From the simulation of the PC scheme mentioned above, it is obvious that the PC scheme may not manage to solve the MUE CCH coverage problem. And the similar conclusion may be derived from another PC scheme evaluation results in [2], in which the 5% MUE SINR is also about -8dB. The performance of edge MUE is still not good enough to guarantee all the CCHs coverage. 
It has been analyzed in [4] that the threshold may relax to: -8dB for PCFICH, -12dB for 24 source bits PDCCH applying 8CCE aggregation and -8dB for PHICH, if using the proposed MBSFN subframe method. From the simulation results, the CCHs of all the edge users may manage to work at least at the lowest tolerated threshold, if appropriately adopting the PC scheme and MBSFN subframe method together.
Therefore, the currently proposed HeNB downlink PC schemes can benefit the MUE CCH by mitigating the interference produced by the CSG Femto cells. Although the edge coverage can merely be guaranteed by the proposed PC and time partitioning scheme (MBSFN scheme in [4]) so far, there is still expectation for the further CCHs coverage improvement when more optimization elements are considered We propose that further investigation and effort are needed to help moving this stumbling block away.
On the other hand, although the DL coverage of MUE is guaranteed, the DL performance of FUE is degraded greatly. Therefore, we only propose this PC scheme used for control channel. For data channel, maybe resource partition is more realistic.
5. Conclusion
In this contribution, we identify that the indoor MUE coverage hole is the primary downlink CCH coverage problem in the Macro-Femto co-channel deployment. And then we provide a PC scheme to improve the channel condition of MUE(s). By restricting the expected received power of the FUE, the PC scheme can also protect the edge MUE. The simulations of the PC scheme in this contribution show that it does benefit the edges MUE CCH coverage. However the CCH coverage problem of MUE cannot be resolved completely by only employing PC scheme, unless joining the additional interference management, such as MBSFN method proposed in [4].

And it shall be noticed that the PC scheme proposed in this contribution is supported by the R8/9 specifications. However the assistant interference management mentioned above may cause impact to specs.
We propose the following aspects shall be highlighted:

· In Macro-Femto co-channel deployment scenario, downlink CCHs coverage can be improved by the power control scheme provided in this contribution.
· The primary results show that the downlink CCHs coverage problem could almost be resolved with the PC method jointly with additional interference management, such as MBSFN method proposed in [4].
· The PC of HeNB is researched mainly for control channel. The interference coordination for data channel needs further study.
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7. Annex
· System Simulation Assumptions

Table1. Macro-cell system assumptions [5]
	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) 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 (assumes UEs are indoors)
	20dB

	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)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	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, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m


Table2. Urban-dense HeNB modelling parameters of Dual Stripe Model [5]

	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%


Table3. Path loss models for urban (dense apartment) deployment [5]
	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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