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Abstract: Femtocell network is a new technology that uses the advantage of an Internet backbone to
enhance the cellular coverage in residential or small business areas. However, due to the expected
random deployment of the femtocell access point (FAPs), there is a strong probability of interference
among the femtocell nodes and between the femtocells and the macrocell nodes. In this paper, an
interference enhancement is developed and designed for two tiers macro-femtocell networks. An
adaptive power control is calculated based on selecting the minimum interference channel with the
optimized channel gain. In the simulation a number of the FAPs, the distance between the macrocell
and the femtocell and the path loss between the macrocell node and the FAPs are used as design
parameters. The results show a performance enhancement in the interference degradation ratio (DR). 
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INTRODUCTION

Femtocells are low-cost, miniature base-stations intended to improve the indoor coverage in the 3G
networks and beyond. Femtocells are the smallest area that the network operator can cover to enhance the data
rate in indoor coverage using a small base station. This is also known as a home base station (HBS) or a
femtocell access point (FAP). The FAP is connected to an operator through a broadband/Internet network and
uses licensed cellular bands. A FAP is small and inexpensive, and can transmit at a low power. It works on
the licensed band and can be categorised based on the access method, an open access, where all the user of
the same network can access the service and, a close access, where only the authorized personnel can access
the service. A femtocell system is expected to increase a system capacity in terms of the number of users per
cells or the data rate per user. This enhancement is due to a dedicated and an un-attenuated backhaul link
using the fixed broadband i.e. DSL.

One of the main issues in adopting the femtocells en masse is the surge in interference to the mobile users
served by the macrocell arising from unplanned networks and private access, which is similar to WiFi which
has been deployed. A WiFi is using an unlicensed spectrum which uses a carrier sense technique while a
femtocell is using a licensed cellular spectrum in which it shares the macrocell BS spectrum. In this
circumstance, there will be a probability of interference between the macro-famto, and the femto-femto nodes.
A femtocell has two access methods, namely, the open access or the close access modes. An open access mode
is open for anybody to access the services after an initial authentication, the same as in the public WiFi. The
non-authenticated user elements can access the macrocell BS. However, due to the close distance, FAPs can
introduce a high interference to these users. The macrocell users can introduce interference to the femtocell
users due to the high power usage. This interference reduces the performance of the FAP seriously if not
intervened. Therefore, distributed power control mechanisms for the femtocells are essential to shield the
existing users of the macrocell as well as to enable the scalable femtocell deployments. In this paper we
discussed the interference problem and introduced an improved power control solution for the FAP to avoid
an interference problem.

The remainder of the paper is organized as follow:  Section II, presents related works. Section IV
introduces system model. Section V discusses the system design and proposed method. Section VI presented
the simulation results. In section VII simulation results are discussed.

Related Works:
Several challenges, such as, seamless mobility and handover between different cells, spectrum allocation
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and sharing, and interference problems that the femtocells have to solve before they can be deployed. The
interference is one of the serious challenges that faces the femtocell deployment since it affects the quality and
the throughput of the system. Interference can be in the form of femto-femto cells or femto-macrocells
interference. Femtocell interference has been extensively discussed in severel literature and in this section we
present some of the closely related works.

In (Li-Chun Wang, 2010) the author presents two different solutions to tackle the femtocell interference
problem. Selection of the minimum interference channel and channel gain were used in the paper. However,
in some cases, the results showed the interference was minimum while the channel gain was too small which
also suffered from hidden node problem. 

The work in (Naveen Arulselvan, 2009) studied several power control schemes and discussed the trade-off
between the throughput and the performance degradation of the femto and the macrocell users respectively.
S. Huan et al, in (2009) in order to solve an interference in the OFDMA-based femtocell network had
introduced the use of a spectrum splitting which was done by assigning a subset of orthogonal subcarriers to
the FAPs. However, to ensure the subcarrier orthogonality, hence, not interfering with the existing macro users,
the signals from the strongest FAPs should be synchronous with the desired macro signal, otherwise an inter-
carrier interference (ICI) and a potential multiple access interference (MAI) will influence the users’
performance. The paper proposes a direct connection with the MBS for the control of a channel communication
which is not the case in most of the practical deployment scenarios.  

Schroder, A. et al, in (2009) presented ways for a user-assisted coverage configuration and interference
optimization. This solution is tedious since it will depend on the survey that the user has to complete and on
top of that it needs professional users who must know how to deal with the scenario as well as the operators
who have to produce independent solutions and different scenarios based on the deployment environment which
is impractical.

Finally, (Han-Shin Jo, 2009) proposes interference mitigation by using an uplink power control (PC) which
adjusts the maximum transmission power of the femtocell users to avoid an interference to a macrocell base
station (BS). However, the paper ignores the femtocell system throughput where it may degrade after a few
periods of PC adjustments.

System Model:
In this section we develop a scenario model. We consider the scenario as shown in Figure 1. Each

femtocell user experiences an interference from other FAPs and MBS. The regular grids of 25 femtocells in
the macrocell coverage have a coverage radius (DM) of 500 m. The house size is 10m-by-10m. Each house
has four rooms, and the FAPs is located at the bottom left corner of the top-right room with a (0.1 m, 0.1 m)
shift from the center of the house. The separation distance between the FAPs is dsf in metre.

Propagation Loss:
Several effects can reduce the power of the propagated signals and one of them is the free space loss

which includes fading and penetration loss. These parameters will be discussed in the simulation parts which
will vary in the simulation tests as we proceed to examine the performance.

Fig. 1: Femtocell Layout.

Carrier to Interference-and-Noise Ratio:
The CINR of mth sub-carrier on the jth sub-channel for the user in the ith femtocell is defined as:
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  (1)

where GBS and GFS are the antenna gains of the MBS and FAPs respectively. The channel gain between the
MBS and the FAP user is Hj,m, and that between the kth FAP and the FAP user is hk,j,m.

Link Reliability:
The link reliability probability is the probability that affects SINR greater than a predefined SINR threshold

γth and is given by:

  (4)

Where ρJ is the number of sub-channels selected and εj is the utility function. If the sub-channel j is selected
to transmit data, εj = 1, otherwise if not compatible then, εj = 0 and eff,j>th as the link reliability of the jth

sub-channel.

System Design:
As we have explained in the related work the solution in (Theodore Rappaport, 2001) sneed improvement

since it suggests four different methods. Two of these methods depend on the interference avoidance and the
rest depend on the channel gain. In this paper we will use the trade-off method for a minimum interference
with the optimized channel gain. The solution steps flow is as follows:

Step1 (S1): 
We apply the max-min interference scheme that the authors in (Theodore Rappaport, 2001) had used and

which is:
(S1.1) Compare the interference for each sub-carrier of a sub channel. The minimum interference for the sub-
carriers in a Sub-channel is

  (3)

(S1.2) Sort                           
(S1.3) Select the first ρJ sub-channels with a lower interference,

Step2 (S2):
We apply the min-max gain oriented scheme as follows: 

(S2.1) Compare the individual sub-carrier gain in a sub-channel. The minimum sub-carrier gain in a sub-
channel is

       (4)

Where M is the total number of sub-carriers in a sub-channel, and J is the total number of sub-channels. 
(S2.2) Sort hj

(S2.3) Select the first ½J sub-channels with higher link gain,

Step 3(S3):
Calculate the channel gain hi with the minimum interference. 
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Step4 (S4): 

If hi >> hj than use this channel to send otherwise calculate Ij that is the interference 
For the channel with the higher gain, if Ii << Ij then use this channel to send, otherwise change the channel
to the next channel with a higher gain hj+1.

Step5 (S5): 
Apply step 3 again and continue the loop.

The flow chart in Figure 2 describes all the steps and substeps mentioned in the method above.

Fig. 2: Flow chart for the proposed Interference avoidance.

Simulation Results:
Simulation software is produced to verify the proposed method. The model in Figure 1 is considered in

the simulation. Some assumptions are taken throughout the simulation, as:
Path-Loss: is calculated as follows (Li-Chun Wang, 2010);

  (5)

where dBP is the break point distance =5m for the indoor link and 20 m for the outdoor-to-indoor link.
Penetration Loss: is assumed to be 5 dB loss per internal wall for indoor link; and 10dB per external wall

for outdoor-to-indoor link.
Shadowing: Shadowing is modelled by a log-normal random variable 10 X /10. X is a Gaussian distributed

random variable with zero mean. The standard deviation is 5 dB for the indoor link and 10 dB for the outdoor-
to-indoor link.
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Multi-Path Fading: The frequency-selective fading is described by the Stanford University interim-3 (SUI-
3) channel model which assumes 3 taps with non-uniform delays.

The system has 24 FAPs around the FAPs under study and the group of 25 FAPs is uniformly distributed
in a macrocell with the coverage of 500m. Other parameters are assumed as in Table I.

Table 1: Parameters in OFDMA Femtocell system.
Parameter Value
Carrier frequency 2.5 GHz
MBS Tx power 63 dBm
FAP Tx power 20 dBm
Distance between FAPs, dsf 20 m/40 m
Antenna gain (MBS/FAP/MS) 8dB/3dB/3dB
System bandwidth, BW 10 MHz
Sub-carrier bandwidth, Bj 10.9375 kHz
Number of sub-carriers 720
Number of sub-channels, J 40
Sub-carriers of each sub-channel, M 18
Link reliability requirement, Rel 90%

Figure 3 shows the result of a macrocell performance when the number of femtocell increases in our
scenario without the application of a power control scheme. 

Figure 4 shows the degradation ratio (DR) of a a macrocell with regards to macro to femto BSs distance
where DR = Two - Tw / Two. Two is the macrocell throughput in the absence of a femtocell and Tw is the
macrocell throughput existing with a femtocell.

Fig. 3: Macrocell throughput vs. number of FAP.

The result in Figure 5 shows the achievement ratio of a femtocell throughput versus the distance between
the macrocell and the femtocell BSs, where AR = Tf / Tf, 0 and Tf, 0 is the uplink average throughput in the
femtocell when the femtocell users employ the maximum power, and Tf, 0 is the uplink average throughput in
the femtocell using the open-loop or the closed-loop power control scheme (Han-Shin Jo, 2009).

In Figure 6, the signal to interference noise ratio (SINR) vs. the path loss between the macrocell user
element (MUE) and the femto access point (FAP) is presented. Increases of the path loss beyond 230dBm, the
power control scheme effect becomes weak. This scenario can be found in dense urban areas with many split
and sectorization macrocell BSs. In this case more effective interference avoidance is required by using a
proper spectrum allocation planning.
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Fig. 4: Degradation ratio vs. distance between macrocell and femtocell.

Fig. 5: Achievement ratio vs. distance between macrocell and femtocell.

 Fig. 6: SINR vs. path loss between MUE and FAP.
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Conclusions:
The Femtocell technology has emerged for the cellular wireless networks and which has rapidly engrossed

the cellular industry. However, the femtocell is facing many challenges due to the unique network deployment
which is connected to the operator through a broadband/Internet connection. In this paper we introduce a new
power control algorithm to reduce the effect of interference to/from macrocell base stations (BSs). In this
scheme the power control calculated based on the minimum interference channel with an optimized channel
gain. Simulation results show that the proposed PC effectively improves the throughput degradation of both
the femtocell and the macrocell BS where both the open and the closed-loop power controls were tested.
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