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1
Introduction 

For the co-channel home-eNB (HeNB) deployments, one of the major problems is the interference between Femtocell and neighbour Macrocell [1]. In this contribution, we discuss the downlink interference problem for this Femtocell and Macrocell overlapping networks, especially when LTE already uses SFR as the ICIC method.
2
Background
There is a significant difference on the interference problem for an overlapping Femtocell and Macrocell network, and that in cellular Macrocell networks. For traditional cellular network, when a user finds that the signal (interference) from one cell exceeds the signal from its current serving cell, it can hand over to that cell, changing the “interference” signal to a useful signal. For interference in the Macrocell borders, several ICIC methods, including soft frequency reuse (SFR), are used to solve the interference problem.

However, for Femtocell with closed access mode, when a Macrocell user approaches Femtocell and the signal from Femtocell is larger than that from Macrocell, this user still can not hand over to Femtocell if he is not authorized by that Femtocell. For this case, the interference from Femtocell may cause “coverage holes” in Macrocell, as handover can not take place. In additional, due to the overlapping relationship between Femtocell and Macrocell, it is not straight forward to use the benefit from SFR to avoid interference. 

Another problem we should consider is that the interference management for Femtocell should have minimum impact on the operation of Macrocell. When SFR is used by a LTE network, the coordination of Macrocells for the SFR operation should not be effect by the Femtocell. 
SFR between Macrocells can be utilized by Femtocells to coordinate the interference to Macrocell. Femtocell can get SFR related information (SFR pattern and power profile) of its neighbour Macrocell, through X2 defined in [2], or through air link measurement. With the knowledge of the SFR pattern, Femtocell knows which set of sub-channels will be used for Macrocell cell center users (CCU), and which set of sub-channels will be used for Macrocell cell edge users (CEU). Here we denote this two set as F-CCU and F-CEU, respectively.
Femtocell can coordinate its transmission to avoid its interference to Macrocell while to avoid the interference from Macrocell, by giving high scheduling priority to F-CCU (subchannels used by Macrocell CCU with lowest power profile) for downlink transmission, as showed in Figure 1a.
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Figure 1. Interference coordination between Femtocell and Macrcocell 

With the help of normal Macrocell UE operation (neighbour relation report or handover report), Macrocell detects an event that its CCU is “close enough” to a Femtocell, as showed in Figure 1b. When this event happens, Macrocell can further coordinate its transmission to avoid the interference from Femtocell. For example, Macrocell can schedule this special CCU (close enough to the Femtocell) as a CEU. It will not require any additional Macrocell/Femtocell operation. Alternatively, Macrocell can give higher schedule priority to a special subset of subchannels within F-CCU for this specific CCU. In this case, Macrocell should set a Staged Power Profile, and then Femtocell can know this power profile via X2 interface or through air link measurement. Femtocell then gives high schedule priority to subchannels with lowest power profile in Macrocell for downlink transmission.
Note that the subchannels used by Femtocell are dynamic. When SFR pattern of neighbour Macrocell is changed, the coordination in Femtocell should also be adjusted. Femtocell setting high priority to subchannels in F-CCU does not forbid subchannels in F-CEU to be used by Femtocell. The subchannels in F-CEU can be used by Femtocell with low priority and low power (for example, for low QoS service or very close users), in the case that subchannels in F-CCU is not sufficient.
3
Simulation Assumptions

Here we use a hot-spot model for Femtocell deployment. In a dense-urban Femtocell modelling, each block represents two stripes of apartments; each stripe has 2 by N apartments. Each apartment is of size 10m by 10m. There is a street between the two stripes of apartments, with width of 10m. Each Femtocell block is of size 10(N+2) m by 70m. In each Macrocell sector, one Femtocell blocks are randomly dropped, which has L floors (L is chosen randomly between 1 and 10). 

To simulate the realistic case that an apartment may not have a Femtocell, we use a parameter named “deployment ratio” to determine whether an apartment is deployed with a Femtocell or not. The deployment ratio can vary from 0.0 to 1.0. Another parameter called “activation ratio” is defined as the percentage of active Femtocells. If a Femtocell is active, it will transmit with suitable power at the traffic channel. Otherwise, it will only transmit the control channels. Activation ratio can be from 0 to 100%. 
The simulation methodology is snapshot based. A layout of 19 cell, 57 sector Macrocell is created. A Macrocell layer is deployed first, with 19 base stations. In each snapshot, Macrocell UEs are randomly dropped. The underlay HeNB are dropped into each sector. The location of the HeNB is randomly chosen within a Femtocell.

The maximum Tx power of Macro eNB is 43 dBm. For simplicity, here we use the distance between Macrocell base station and the given user to determine whether it’s CEU or CCU. Here this radius of cell center is 500m. The “close enough” user to the Femtocell is also determined by distance of 100m between HeNB to the user. The parameters in the simulation are showed in Table 1.
Table 1 Simulation Parameters
	Deployment Ratio
	Activation Ratio
	Cell Radius
	Femto BS Power
	Bandwidth
	Number of Users in Macrocell per sector
	Number of HeNBs

	0.2
	50%
	1154 m
	20 dBm
	5 MHz
	50
	40*6*0.2*0.5=24


4
Discussion

The simulation result of interference coordination based on SFR is showed in Table 2. Note that the subchannels in Macrocell is equally divided into three sets, i.e., F-CEU, F-CCU and that of the special subset of subchannels within F-CCU. The power profile shows the power ratios among the three sets. 
From the result we can see that, with the interference coordination based on SFR, the performance of those users close to HeNB is improved. If we just schedule the CCU close to HeNB as CEU, the improvement is around 10%. If we allocate more power to the CCU close to HeNB, due to the power gain the improvement is further increased. 
Comparing with resource separation and reservation between Femtocell and Macrocell, the subchannels can be better utilized because of the multiuser diversity in Macrocell, the resources (subchannels) used by Femtocell can be scheduled to Macrocell user not close to the Femtocell:

· In the case that no Femtocell is in the cell center, all subchannels in F-CCU can be used for Femtocell, while all the subchannels can be used for Macrocell (no subchannels should be reserved in Macrocell for Femtocell). So the resource usage is maximized. 

· When some Femtocell is in the cell center, we can allocate small among of subchannels for those special CCU close enough to the Femtocell, since the number of those special CCU is small. It guarantees enough subchannels to be used for Femtocell. At the same time, it does not scarify the resource usage for Macrocell users, since there is still no resource reservation in Macrocell dedicated for Femtocell transmission. The subchannels used by Femtocell (indicated by the staged power profile of Macrocell) can also be used for other CCUs (not close to the Femtocell) in Macrocell.

Table 1. Simulation Results
	　
	Power Profile (dBm)
	Throughput of Macrocell (bit)
	Throughput of Femtocell (bit)
	Throughput of the CCU close to Femtocell (bit)
	Improvement of Macrocell Throughput (%)
	Improvement of CCU close to Femtocell (%)

	
	
	
	
	
	
	

	W/O  coordination
	100:1:1
	87871
	3497183
	406
	\
	\

	With coordination
	100:1:1
	87965
	3497183
	452
	0.11
	11.33

	
	100:1:10
	88541
	3497183
	531
	0.76
	30.8


5
Conclusions

Due to the closed access feature of HeNB, the interference between Femtocell and Macrocell, especially the “coverage hole” problem should be carefully considered. The interference coordination method based SFR can be used to improve the system performance.
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