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1 Introduction

In order to increase the system capacity and eliminate the dead zones in traditional homogeneous network, various new small cells are considered in the cellular deployment, including pico cells, femto cells and relay nodes, which are usually overlapped with macro cells. This new network topology is named as Heterogeneous network (HetNet). One of the most challenging issues in HetNet is the inter-cell interference coordination (ICIC) between different cell layers.
Due to the different deployments and applications of the pico cells, femto cells and relay nodes, the features of interference introduced will be different. In this contribution, we focus on the problems when femto cells are introduced. Two interference scenarios are considered, which are the downlink interference from HeNBs (Home eNBs) to MUEs (Macro UEs), and the interference coordination between HeNBs. 
2 Interference reduction from HeNBs to MUEs
2.1 Interference from HeNBs to MUEs
Femtocells can greatly increase the system capacity, since the users can be packed into a given area in the same region of spectrum, thus increasing the area spectral efficiency or, equivalently, the total number of active users per Hertz per unit area. As a femtocell only serves a small group of users, it can allocate a large portion of their resources (both transmit power and bandwidth) to each subscriber. However, due to the co-channel deployments with the macro cells, the femtocells will act as interferers to the macro users, especially when the femtocells only serve the CSG (Close Subscriber Groups). Figure 1 illustrates the SINR CDF of MUEs (macro users) before and after only a block of femtocells are introduced into the system. In order to show the promised advantaged of femtocells, the SINR CDF of HUEs (Home users) are also illustrated. The simulation parameters are listed in Appendix I. 
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Fig. 1 SINR CDF of MUE and HUE before and after femtocells are introduced
From Fig. 1 we can see that the introduction of a block of femtocells will cause a group of MUEs experience fairly low SINR, which will lead to communication outage of these MUEs. This is undesirable to the system which aims at providing seamless access to the network for all subscribers. Thus interference coordination schemes must be considered to eliminate communication outage of MUEs.
2.2 Interference reduction from HeNBs to MUEs
Only one femtocell is configured in a cell sector in the simulation of Figure 1. Actually, the realistic distribution of femtocells is usually dense and in an ad hoc manner, which indicates the following:
1) The femtocell blocks may locates at either the centre or the edge of the macro cell, or both have femtocell blocks;
2) The number of HNBs deployed at one femtocell block may be different. 
This unpredictable deployment would result in complicated interference environments in the cellular system. To coordinate the interference from HeNBs to MUEs, many schemes are proposed [1]-[5].   In our opinion, the following three kinds of ICIC directions may be further considered and evaluated. 
1. Frequency splitting in static way
If the femtocells and macro cell split the spectrum in a static way, which means the channels of femtocells and macro cell are orthogonal in frequency, then the interferences from HeNB to MUE will not exist. However, this will limit the spectrum utilization and is not the optimal solution. Then the problem is, if the femto cells and macro cell share the same spectrum, how to coordinate the interferences.
2. Extension of R8/9 ICIC to Femtocells
When we want to extend the R8/9 ICIC to femtocells, the first thing we need to consider is how to measure the parameters required to facilitate ICIC. In R8, the trigger of ICIC is based on the measurements of UE. When a UE measures strong interference from another cell, which is usually based on RSRP, it sends a CQI indicator to its serving BS and then the serving BS transmit a HII indicator to the interferer BS. When the interferer BS get a HII, it frees up the resources indicated by the HII or reduce the transmit power of these resources to decrease the interference to the victim UE. 
Since the measurement of interferences is usually based on the RSRP, the CRS of femtocells should be arranged carefully if we hope to directly apply the traditional ICIC in R8/9 to the HetNet. However, there may be quite many HeNBs in a macro cell and these HeNBs are located in an ad hoc way. Furthermore, the topology of HeNBs would even be dynamic since it is placed and turned on/off by customers. Thus the topology is impossible to control by the operators, which lead to the difficulty of the well arrangement of orthogonal RS or RS with low correlation among HeNBs. Therefore, we suggest that whether the measurements required by the R8/9 ICIC can be satisfied in the femtocell deployments should be further evaluated.
3. ICIC based on Sef-configured Femtocells
Since the topology of femtocell is in ad hoc way, the co-existence of macro cell and femtocells is quite similar with the co-existence of primary and secondary system in cognitive radio system. Thus the methods widely studied on how the secondary system can co-exist with the primary system could be referred here. If the femtocells are considered as a secondary system to the macro cell, femtocells should take the responsibility to adjust their transmit strategy according to the purpose of minimization the impacts on MUE. These intelligent femtocells are named as Sef-configured femtocells. One of the advantages of the Sef-configured femtocells is that it turns the measurement operation required by MUE to the HeNB side, which can circumvent the troublesome RS design for HeNBs. The following examples give us some insight on how the sef-configured femtocells should act. More comprehensive requirements of Sef-configured femtocells need to be further analyzed.
1) HeNB should be able to learn its position in the macro cell and adjust its transmit power according to its location.
When the femtocell locates in the cell centre, the interference from Macro eNB to the users in femtocells is strong. Thus the HeNB is suggested to boost their transmit power to ensure the performance of HUEs. Even though this will cause strong interference to the MUEs located also in cell centre, the receive signal power of cell central MUE will high and it is impossible for them to experience communication outage.
When the femtocell locates in the cell edge, the interference from Macro eNB to the users in femtocells is week. At the same time, the receive signal power of cell edge MUE will be low too. Therefore, in order to cause less interference to the weak MUE, the cell edge HeNB should reduce its transmit power to a certain level.
2) HeNB should be able to learn its interference to a nearby MUE and adjust its transmit strategies, such as power/frequency band accordingly.
Consider that it is troublesome for a MUE to measure the receive signal power from multiple HeNB, thus HeNBs are suggested to sense whether there are MUEs nearby. The measurements on the HeNB side can be based on the SRS of MUEs. When HeNBs measure strong signal power at certain band from MUEs, they can free off or reduce the transmit power at these band.
3 Interference coordination between HeNBs
3.1 Interference between HeNBs
Since the HeNB are usually nearly located in a femtocell block, the interferences between HeNBs are non-negligible. Fig. 2 shows the SINR CDFof HUEs when the ratio of an apartment with a HeNB changes. When the ratio is small, i.e., 0.2, the SINR of HUE is quite high in large probability. However, there are still about 8% HUEs whose SINR is lower than 0dB. When the ratio is large, i.e., 0.8~1, the overall SINR of HUE can not reach the expected high SINR. Besides, about 30% HUEs experiences SINR lower than 0dB. Thus it is quite necessary to coordinate the interference between HeNBs.
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Fig. 2 SINR CDF of HUE when the deployment ratio varies
3.2 Interference coordination between HeNBs
As we stated is the last section, the femtocells are distributed in an ad hoc way, which renders centralized interference coordination difficult. So the interference coordination is proposed to facilitate in a distributed way. 
The implement extent of ICIC among HeNBs depends on how much information can be measured and shared among the coordinated HeNBs. [6] proposes an adaptive frequency reuse (AFR) scheme of HeNBs based on that HUE measures the RSRP of its serving HeNB and also the RSRPs of its interfering HeNBs. The HeNBs are initially set to be orthogonal frequency partitioning (OFP). AFR requirements are triggered by the measurements and are send to the coordinated HeNBs. This heuristic method shows its superiority to the OFP. However, this may not be the optimal solution for the interference coordination between HeNBs since it is based on the OFP, which is not a spectrum efficient scheme. 
We suggest that HeNBs can be initially deployed in universe frequency reuse factor. Due to the penetration loss, the strong interference to a HUE mainly comes from the several adjacent HeNBs. Thus if the adjacent HeNBs form a cluster to perform distributed ICIC, the performance of HUE can be greatly improved. We propose that those HeNBs which are strong interferences to each others form a cluster and some advanced interference coordination mechanisms can be facilitated in a distributed way to reduce the interferences. 
The interference coordination mechanisms depend on how much information can be shared among HeNBs. If only some simple indicators which are similar with the HII in R8 can be shared among HeNBs, the traditional ICIC methods may be straightforwardly applied here, such as avoiding the transmission on the resources indicated by the HII, or using power control strategy to reduce the interference. If more information can be measured and shared among HeNBs, such as the channel state information, advanced ICIC can be used, such as interference alignment [7] which is hotly discussed in the academia and is promised with quite amazing performance. If the HeNBs can be equipped with multiple antennas, the CS/CB methods proposed for CoMP may also be applied here. However, the feasibility and performance of these proposed ICIC schemes need to be further analyzed and evaluated.
4 Conclusion
In this contribution, we analyzed the interference scenarios of HeNB to MUE and HNB to HNB in the HetNet. We have the following proposals:

1. The universe reuse factor can have some frequency efficiency gain over the fractional ruse by some adaptive schemes, the universe frequency reuse factor can be assumed for the future study. 
2. To circumvent the difficulties encountered by MUEs’ RSRP measurement, calculating its pathloss to the neighbouring cells and identifying an interfering level of a MUE/HUE could be performed by HNB instead. Based on the measurements, some resources management or interference coordination schemes could be studied to reduce the interference. 
3. Some information such as the channel state information can be measured and shared among HeNBs, such that some advanced interference coordination mechanisms can be facilitated in a distributed way to reduce the interferences. 
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6 Appendix I 
Table 1: Dual stripe modelling assumptions
	Parameter
	Value

	Femtocell block
	Each femto cell block represents two stripes of apartments. Each stripe has 2 x N apartments, and the size of each apartment is 10m x 10m. Each femtocell block has L floors. There are streets between and outside of the two stripes of apartments, with width of 10m.

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	1

	R (deployment ratio: ratio of an apartment with a HeNB)
	0.2

	P (activation ratio: ratio of active HeNB)
	1

	HeNB distribution
	Random uniform within a HeNB deployed apartment.

	HUE distribution
	Random uniform within an active HeNB deployed apartment.

	Number of active HUEs per HeNB
	1 (Closed Subscriber Group)

	Penetration loss of an outdoor wall (Low)
	20dB

	Penetration loss of the wall separating apartments (Liw)
	5dB

	Power of HeNB
	20dBm

	Nt of HeNB
	1

	Nr of HUE
	1


Table 2： Model of Path Loss
	Cases 
	Path Loss (dB) 

	UE to
Macro
eNB 
	(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
Home
eNB 
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB 
	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 HeNB 
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 HeNB 

	
	(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 HeNB 


Table 3: Macro parameters
	Power of MeNB
	46dBm

	Nt of MeNB
	2

	Nr of MUE
	1

	MUE distribution
	10 MUE per Sector, Random uniform

	Sector per cell
	3


