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Abstract 

This paper treats the interference (uplink) problem in OFDMA-based femtocell networks with partial cochannel deployment. We 

first propose an inter-tier interference mitigation strategy without the femtocell users power control by forcing the femto-

interfering macrocell users to use only some dedicated subcarriers. The non-interfering macrocell users, on the other hand, can 

use either the dedicated subcarriers, or the shared subcarriers which are also used by the femtocell users. We then propose 

subcarrier allocation schemes based on the auction algorithm for macrocell users and femtocell users, respectively, to 

independently mitigate the intra-tier interference. The proposed interference mitigation scheme for femtocell networks offers 

significant performance improvement over the existing methods by substantially reducing the inter- and intra-tier inferences in 

the system. These techniques are compared and verified using MATLAB. 

Keywords: Femtocell, ofdma, auction algorithm, macrocell, interference Mitigation strategy. 

 

1. Introduction 

Wireless communications are now a day’s one of the most skyrocketing sectors in the communications market 
and research areas. Due to constant technical advances, mobile terminals have become something indispensable. It is 
already in the past when the number of wireless terminals clearly exceeded the number of fixed terminals for the 
first time and, in recent years, operators have been experiencing a steady increasing demand for higher data rates 
and better quality of service.  
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                                                Fig 1.1: Graph of Data traffic. 
 
OFDMA based femtocells have been already considered in major wireless communication standards, e.g. 

LTE/LTE Advanced. Due to the scarcity of spectrum, operators prefer spectrum sharing between macrocells and 
femtocells rather than orthogonal deployments. However, interference could be severe in spectrum sharing two-tier 
networks. As a result, resource allocation considering interference has become an important asset to enhance 
performance and has attracted much attention with in the telecommunication industry. Interference mitigation based 
on resource allocation has been widely analyzed to maintain user’s quality of service (QoS), e.g., signal to 
interference and noise ratio (SINR)capacity. 

 
 In recent years, wireless operators have been experiencing a steadily increasing demand for higher data rates 

and better quality of service due to the constant growth in the number of active wireless terminals. One significant 
challenge is how to improve the indoor coverage. Studies show that in Fig 1. over 50% of all voice calls and more 
than 70% of data traffic originate from indoors . Therefore, indoor coverage providing high data rate and quality-of-
service (QoS) is a key issue in developing next-generation wireless systems. However, adding macrocell base station 
(MBS) to meet the growing indoor service demands is very expensive. Instead, femtocell access points (FAPs) have 
been proposed as a new system architecture to tackle this problem. An FAP is a simple, low-power and low-cost 
base station installed at the user’s premise, e.g., house, office, warehouse, etc., that provides local access to the 
network by means of some cellular technology (ex: 2G, 3G). Using femtocells benefits both users and operators. 
Due to the proximity between the transmitter and receiver, indoor users experience better signal quality and 
communicate with higher throughput. Since most indoor users (ex: The ones in their own apartments) are connected 
to an FAP, there are fewer indoor users transmitting in the macrocell and the overall capacity and QoS of the 
network improves. From the operator’s point of view, femtocells can improve spectrum reuse and provide high 
network capacity and spectral efficiency. In addition, given that FAPs are paid for and maintained by the owners, the 
operating costs of the network is reduced. 

 
On the other hand, despite these advantages, femtocells bring about multiple new challenges in terms of 

network architecture, interference management and synchronization . In particular, the interference problem 
becomes a major issue that requires new solutions due to the extra degrees of complexity in comparison with 
standard cellular networks. 

 

 
 

Fig 1.2: Architecture of  Femtocell cellular networks 
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This project is organized as follows.  
 

Chapter II describes the uplink interference problem in femtocell networks and proposes the inter-tier uplink 
interference mitigation strategy by dividing all MUs into two groups with partial cochannel spectrum deployment.   

Chapter III develops the algorithm for  intra tier uplink interference mitigation method among femtocells by 
means of subcarrier allocation. Simulation results are presented in Chapter III. Finally, concluding remarks are given 
in Chapter IV. 
 

2. Interference in femtocell networks 

In a standard cellular system using OFDMA-based network access, frequency allocation must take into 
consideration both inter- and intra-cell interference. Each subcarrier should be allocated to only a single user within 
the cell (or sector) so that intra-cell interference is avoided. Moreover, users from adjacent cells (or sectors) might 
cause interference to the users in the cell of interest so frequency allocation has to be optimized to minimize the 
inter-cell interference. With femtocells overlaying on top of a traditional cellular deployment, the complexity of the 
interference problem increases significantly and new mitigation strategies have to be designed. Assume that a 
femtocell network has a single MBS, then to encounter three types of uplink interference: MU to FAP interference, 
FU to MBS interference, and FU to FAP interference, as illustrated in figure. 

 
2.1 MU to FAP Interference 
 

In OFDMA-based systems such as mobile WiMax, power control is employed for the uplink . It ensures that, at 
any time, a given MU is transmitting enough power to achieve a minimum signal-to interference- plus-noise-ratio 
(SINR) at the MBS receiver given the current channel condition, which is measured by the system periodically. If an 
MU is located far away from the MBS, the power control algorithm will set its transmitted power to a high level to 
meet the target SINR value. As depicted in Figure. 2.1, if an MU happens to be in the vicinity of a femtocell and 
also far away from the MBS, then its signal could be high enough to propagate through the walls of the building 
where the FAP is deployed and generate interference. 

 
Fig.2.1. MU to FAP interference 

 
2.2 FU to MBS Interference 
 

Due to the frequency reuse among femtocells, it is possible that many FUs in different femtocells use the same 
subcarrier as an MU, thus they will interfere with the macrocell, as depicted in Figure. 2.2   
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Figure 2.2 FU to MBS interference. 

 
2.3 Femtocell to Femtocell Interference 
 

Interference occurs when adjacent femtocells use the same subcarriers. The interference level between non-
adjacent femtocells is negligible, because any signal coming from one FU travels through at least two walls to reach 
the FAP of a non-adjacent femtocell. Therefore, the frequency allocation strategy should not allocate the same 
subcarriers in adjacent femtocells in order to avoid the intra-tier interference among femtocells. 

 

 
Fig 2.3 Femtocell to Femtocell Interference 

 
 
 

3. System design 
 
3.1 Inter-tier interference mitigation with partial coc hannel assignment 
 
3.1.1 Classification of MUs 
 

To make sure that the MUs do not interfere any FU in the closest femtocell, we should consider the worst case 
scenario that an FU is at the edge of the femtocell. Assume that the estimated distance from the MU to the closest 
FAP dMF is obtained by the RSRP measurement from the FAP in the downlink. Based on the value of RSRP and 
the FAP transmission power which is set to be constant in partial co channel deployment, the MU can calculate the 

path loss from the FAP to it, then the distance from the MU to its closest FAP can be estimated according to the path 
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loss model. 

 
Fig 3.1:  A two tier network of macrocell and femtocells. 

 
The interference from FUs in other femtocells to this FU, after applying the auction algorithm for the shared 

subcarrier allocation to be described in the next section, the interference between adjacent femtocells can be 
avoided. Then the worst case scenario is shown on the right-hand side of Fig.3.1, where the femtocells with the same 
color use the same subcarrier and interfere with each other. We analyze the interference from FUs in FAPs 3, 11, 15 
and 23 to the FU in FAP 13 with the interfering FUs located at the closest positions to FAP 13. The interference 
from FUs in the outer rings is ignored due to the long distance and extra penetration losses through walls. Then, the 
sum interference from FUs in FAPs 3, 11, 15 and 23 to the FU in FAP 13 is given by. 

 
                                               IFF=       4PFUGFGU                    ………………………………….1 
                                                                   χF 
 
Thus,χMUmax is primarily affected by the path loss from the MU to its closest FAP, χMF , and the interference 

from the FUs to the MBS, IFM. As for IFM, due to the frequency reuse among femtocells, its value is mainly related 
to the minimum distance from FUs to the MBS and the active probability of femtocells, which varies much slower 
than χMF . Therefore, different MUs have different χMUmax due to their different locations. The MU with a larger 
distance from its closest FAP will have a larger χMUmax. Any MU whose path loss to the MBS is less than its 
corresponding χMUmax will be classified as a regular user and it can use either the dedicated subcarriers or the 
shared subcarriers. The others will be classified as femto interfering users and they can only use the dedicated 
subcarriers. An intuitive way to understand the above MU classification scheme is by defining dmax as the distance 
where a given MU will suffer a total path loss of χMUmax. Any MU laying within dmax can use any subcarriers, 
whereas any MU located outside of dmax can only use the dedicated subcarriers. In this way, both the MU and FU 
can meet their targetSINR requirements and therefore the inter-tier interference is avoided. Note that the actual value 
dmax is not a constant value and depends on the current values of path loss and the distance from this MU to its 
nearest cochannel femtocell, dMF . 
 
3.2. Intra-tier interference mitigation via auction-based subcarrier  assignment 
 

As discussed in the previous section, the cochannel interference from FUs to MBS is avoided by using uplink 
power control on MUs. Based on the power control results, all MUs are classified as “regular users” and “femto-
interfering users”. By allocating only dedicated subcarriers to femto-interfering users ,inter-tier interference is 
mitigated and both the MUs and FUs can meet their target SINR requirements if the intra-tier interference can also 
be eliminated, which can be achieved by independently allocating subcarriers for macrocells and femtocells, as 
discussed in this section. 
 
3.2.1. Macrocell Subcarrier Allocation 
 

The power control algorithm requires that the system measures the channel states between the MBS and the 
MUs periodically. After each measurement the system recalculates the current value of  χMUmax and classifies each 
MU as a regular user or a femto-interfering user. Consider a single macrocell system with an MBS and M MUs. 
Assume that each subcarrier can only be assigned to one user. Denote Fs as the set of shared subcarriers and Fd as 
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the set of dedicated subcarriers. Further denote Ureg as the set of regular users and Uint as the set of femto-
interfering users. Let a MUmn be an indicator variable such that  a MUmn =1if the n th subcarrier is allocated to the 
n th MU, otherwise a MUmn =0 Suppose that the n th MU requires to be allocated Then, given a priority or 
weighting factor wm for the  n th MU. any subcarrier can be allocated to at most one MU to avoid intra-cell 
interference. The third one defines that the number of subcarriers allocated to an MU, where  kml – km - kmu. kml 
and kmu are respectively the minimum and maximum numbers of subcarriers allocated to MU m. In order to 
guarantee the fairness among MUs, all subcarriers are evenly allocated to all the MUs. Finally, the last one prevents 
the femto-interfering MUs from occupying the shared subcarriers. cMU mn denotes the data rate for MU m on 
subcarrier n. If the nth subcarrier for MU m has SINR γMU mn , assuming a 3dB gap to theoretical rate , then its rate 
can be estimated as 

 
cMU mn = log(1 + γMU mn /2)                 (bits/channel use)                           ........................................ 2 

 
3.2.2. Asynchronous Distributed Femtocell Subcarrier Allocation 

 
Since each femtocell is not aware of the subcarrier allocation of either the macrocell or the other femtocells, the 

femtocell subcarrier allocations need to be carried out in a distributed fashion, based on the interference estimation 
on every subcarrier by using the “network listen” capability (sniffer).The interference caused by a given FU to the 
non-neighboring FAP can be ignored. Therefore the distributed subcarrier allocation strategy should be devised to 
avoid adjacent femtocells occupying the same subcarrier. The algorithms proposed in the following for intra-tier 
interference mitigation are intended to avoid adjacent femtocells occupying the same subcarriers. These algorithms 
assume that the number of shared subcarriers is sufficient enough for adjacent femtocells not occupying the same 
subcarriers and implementing the frequencies reuse among non-adjacent femtocells. Similar to the macrocell 
subcarrier allocation, each femtocell is considered as a single cell system with a base station and P active FUs. We 
first consider a simple approach to distributed femtocell subcarrier allocation where each femtocell independently 
implements an auction algorithm for subcarrier allocation. But different femtocells operate asynchronously. In 
particular, we assume that each iteration of the subcarrier allocation update is performed every t+∆t seconds in each 
femtocell, being ∆t a random back off time uniformly distributed. Considering one subcarrier allocated for a 
femtocell, in general, if it is also occupied by the adjacent femtocells, its SINR will be worse than the subcarriers not 
occupied by adjacent femtocells. As a result, the subcarriers already used in the adjacent femtocells are likely not to 
be allocated to the femtocell under consideration, and thus the interference among femtocells can be avoided. 

 
Let p denote the PTH user in the femtocell. Given a priority or weighting factor ωp for this user, the subcarrier 

allocation over the shared subcarriers in the femtocell is formulated as follows: where cpn denotes the obtainable 
throughput for the PTH FU in the femtocell on the nth subcarrier and can be estimated in a similar way. The SINR 
on every subcarrier can be estimated by performing the interference measurement on every subcarrier by FAPs 
using the sniffer capability. Apn is also an indicator variable, such that apn = 1 if the nth subcarrier is allocated to 
the pth FU in the femtocell. 

 
Similarly this optimization problem can be easily translated into a symmetric assignment problem by 

introducing dummy users and can be solved efficiently using the auction algorithm. Independently and 
asynchronously, the FAPs also periodically estimate the quality of the allocated subcarriers and update the 
subcarrier allocation if necessary. 
 
3.2.3. Distributed Joint Femtocell Subcarrier Allocation 
 

In this subsection we consider joint subcarrier allocation among all femtocells within the macrocell. Note that 
the resulting algorithm is much more complex than the one from the previous subsection, in that it involves message 
exchange between adjacent femtocells during each iteration. The simple asynchronous and independent allocation 
scheme actually performs similarly to this more complex joint allocation scheme. Hence the method presented here 
eventually is only used as a benchmark for comparison purpose. Note that the inter-femtocell interference is mainly 
caused by the adjacent femtocells. The received signal power from non-adjacent femtocells is very low due to twice 
the wall penetration loss, and thus is negligible. Hence the subcarrier allocation scheme should avoid allocating the 
same subcarriers to adjacent femtocells. We introduce “virtual” users to capture the interaction between adjacent 
femtocells. Every FU in a femtocell generates a virtual user at each adjacent femtocell. Each virtual user is allocated 
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the same subcarriers as its corresponding FU. This way, the multicellular subcarrier allocation problem can be 
decomposed into a group of single cell frequency allocation problems in which the interference between users in 
different femtocells is represented by constraints between its own users and the corresponding virtual users. 
 
 
3.3. Model Design of OFDMA Transceiver Using MATLAB 

 
The OFDM system is modelled using MATLAB to allow various parameters of the system to be varied and tested. 

The following OFDM system parameters are considered for the simulation.  

TABLE I 

Parameter Value Parameter value 
Femtocell radius Rfc 10m FAP Ant. Gain GF 0 
Macrocell radius Rmc 500m FAP Ant. Pattern Omni 
Carrier frequency (fc) 2.5GHz MU Min Transmission power 10dbm 
Bandwidth 10MHz MU MaxTransmission power 30dbm 
No. of total subcarriers N 1024 FU mode transmission power 10dbm 
No. of shared subcarriers N 256 AWGN power density ( N0) -

174dbm/Hz 
MBS Ant. Gain G M 15db MBS Ant.Pattern   Omni 
No. of active MUs M  128 No. of active FU s in each 

femtocell (L) 
4 

OFDMA symbol time T (28) 102.8micro 
sec 

The weighting factor w 1 

                    
  

Algorithm : The auction algorithm for multi-femtocell joint subcarrier allocation. 
 

1. Initialization: Obtain the set Sq for each femtocell q. 
2. Run the auction algorithm to perform subcarrier allocation for every single femtocell. 
3. For the qth femtocell, where 1≤ q≤ Q 
a) Collect the subcarrier allocation results for each user in Sq and femtocell q, and acquire the conflicting 

subcarriers which are simultaneously occupied by the users in Sq and femtocell q. Let Cq denote the set including 
all the conflicting subcarriers. 

b) For each conflicting subcarrier in femtocell 
 
  1) If the weighted rate of the assigned user in cell q is less than that of any user in Sq, then remove the 

subcarrier from the allocated user in femtocell q. Find the maximum weighted rate subcarrier from the remaining 
subcarriers which are not occupied by the femtocell q and the users in Sq, then allocate this subcarrier to this user in 
femtocell q. 

  2) Otherwise, remove the subcarrier from all the users in Sq , and find the maximum weighted rate subcarrier 
for each user from their corresponding remaining subcarriers which are not allocated to the users in its 
corresponding femtocell and interference user set. 

  3) Pass the updated subcarrier allocation result of each user in Sq to its serving FAP. 
 
c) End for 
4. End for 
 

 3.4 Simulation Result     
 
       a) Analysis of dMUmax                                     

MU is a regular user or a femto-interfering user is based on its corresponding dMUmax which is mainly related 
to the distance from the MU to its nearest FAP, dMF . If this value is high enough, the MU transmitting high power 
still cannot create much interference to the FAP [Fig.2.1] due to the large path loss from the MU to this femtocell, so 
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it will increase the value of dMUmax. Note that only the large scale fading is considered and shadowing and 
multipath fading are omitted here. The value of dMUmax as a function of different values of dMF , under three 
modulations. It is seen that, with the same dMF , the largest dMUmax corresponds to the QPSK modulation.  

 
 

 
 

Fig 3.2: Distace from MU to femto cell 
 

 b) Auction algorithm for macrocell subcarrier allocation 
 

Performance Analysis for FUs and MUs We consider the following two proposed schemes for inter-tier and 
intra-tier interference mitigation under partial cochannel employment. 
Major headings are to be column centered in a bold font without underline. They need be numbered. "2. Headings 
and Footnotes" at the top of this paragraph is a major heading. 
 

1) Prop.1: MUs are first classified as regular and femto-interfering users and then Algorithm 1 is employed for 
macrocell subcarrier allocation. Independent and asynchronous subcarrier allocation is performed for 
femtocells over the shared subcarriers. 

(2) Prop.2: Same as Prop.1 for MUs in the macrocell. Joint subcarrier allocation is performed for femtocells 
(i.e., Algorithm 2) over the shared subcarriers. 

 
We compare the above two proposed schemes with the following methods. 
• Random allocation: The subcarriers are allocated randomly in the macrocell and femtocell under the partial 

cochannel deployment. 
• No MU part., indep. femto: All MUs can use any subcarrier and the macrocell subcarrier allocation is 

performed by using the auction algorithm. Independent and asynchronous subcarrier allocation is performed 
for femtocells over shared subcarriers. 

• No MU part., joint femto: All MUs can use any subcarrier and the macrocell subcarrier allocation is 
performed by using the auction algorithm. Joint subcarrier allocation is performed for femtocells over shared 
subcarriers. 

• Cochannel deployment: All MUs and FUs can use any subcarrier. Subcarrier allocation in macrocell and 
femtocells are performed independently and asynchronously using the auction algorithm. 

• Orthogonal deployment: MUs just occupy the dedicated subcarriers and FUs only use the shared subcarriers. 
The subcarriers are allocated among MUs by using the auction algorithm and among FUs by using the 
auction algorithm independently and asynchronously.  



Mehathab C, IJRIT  144 
 

 
 

Fig 3.3: Femtocell throughput 
 

 
 

Fig 3.3: CDF Vs. Bps 
 

 
 

Fig 3.4: User Probability 
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4. Conclusions 

In this project, we have proposed interference mitigation strategies for OFDMA-based femtocell networks, 
consisting of a conventional macro cellular deployment and overlaying femtocells. The proposed solution is 
composed of two components. 

The first is an inter-tier interference mitigation strategy that can be applied to a partial cochannel assignment, 
which divides all the macrocell users into femto-interfering users, which can only use the dedicated subcarriers, and 
regular users, which can use either dedicated subcarriers or the shared subcarriers. The femtocell users use only 
shared subcarriers. 

 The second component consists of auction-based subcarrier allocation algorithms for the macrocell and 
femtocells, respectively, for mitigating intra-tier interference and maximizing the throughput. These algorithms have 
low computational complexity and memory requirement, and they run independently and asynchronously in each 
macrocell and femtocell.  

Extensive simulation results have demonstrated that the proposed interference mitigation framework can 
effectively mitigate both inter-tier and intra-tier interference and improve the overall network throughput of both the 
macrocell and femtocells. 
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