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Abstract — Femtocells have a strong potential for 

increasing the efficiency and coverage of next-generation 

broadband wireless networks. In this paper, a co-channel 

framework for the coexistence of orthogonal frequency 

division multiple access (OFDMA) based macrocell and 

femtocell wireless networks is proposed. It is based on 

utilizing the resource blocks of macrocell-associated mobile 

stations (mMSs) that are far away to a femtocell base station 

(fBS), therefore avoiding strong interference that may occur 

between a femtocell and close-by mMSs. An avoidance method 

that jointly utilizes the spectrum sensing results as well as 

scheduling information obtained from the macrocell base 

station (mBS) is introduced. Moreover, the impact of inter-

carrier interference (ICI) from the mMSs in the uplink is 

discussed and evaluated through simulations. 

 
Index Terms — Femtocell, OFDMA, co-channel interference, 

inter-carrier interference, cognitive radio.  

I. INTRODUCTION 

The demand for broadband wireless data rates has been 

pushing the wireless technology to new horizons. The data rate 

requirements for the next-generation wireless networks have 

been specified under the standard referred as the IMT-

Advanced, where, peak rates on the order of 1 Gbps are 

targeted for low-mobility scenarios. Femtocells, which have 

been recently introduced as a new class of personal-use base 

stations (BSs) [1]-[3], can help to achieve some of the key 

requirements of the IMT-Advanced standard. For example, 

they can improve the peak data rates by more than 40 times 

and the mean data rates by 200 times according to an analysis 

in [4].  

One of the important benefits of femtocells is the 

elimination of coverage area problems for indoor scenarios. 

Some other benefits of femtocells include reduced capital and 

operational expenditure, reduced bandwidth load and power 

requirements, increased average revenue per user, and 

deployment in operator-owned spectrum. As illustrated in Fig. 

1, a femtocell BS (fBS) is connected to the mobile operator’s 

core network through existing broadband Internet connection 

of the user. A macrocell-associated mobile station (mMS) does 

not have to be a dual mode terminal in order to communicate 
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both with an fBS and a macrocell BS (mBS)
1
.Besides their 

uses for enhancing communications, femtocells can interact 

with smart home appliances and personal computers inside the 

house. This way, an fBS-centric network of home electronics 

can be formed, which would enable the users to remotely 

connect to any electrical device at their homes as shown in Fig. 

1. The reader is referred to [5] for an in depth discussion of 

controlling home appliances in a smart home environment.   

 

 
Fig. 1 Femtocell deployment at homes. Connection between the macrocell 

and femtocell is established through the Internet. Home appliances can 

be controlled by the user through the fBS. 

 

Femto Forum, which is a business organization established 

in July 2007 to promote femtocell deployments, provides some 

femtocell applications in [6] that might be attractive to 

consumers. In these exemplary applications, femtocell enables 

users to 

 Automatically synchronize their music collection on 

their mobile device with their home PC when a they 

return home, 

 Control their TV from their mobile device, 

 Leave virtual fridge notes to be delivered when the 

recipient returns home, 

 Remotely control home appliances such as air 

conditioning when out of the house. 
 

1Note that the abbreviations H-UE, HNB, M-UE, and NB are used in 3GPP 

documents for referring to femtocell mobile station (fMS), fBS, mMS, and 

mBS, respectively. 



 

Femtocell networks have been studied extensively under the 

3GPP standard (see e.g., [7], [8], and the references therein), 

where wideband code division multiple access (W-CDMA) is 

used as the physical layer technology. Even though system 

capacity and performance have been analyzed for macrocells 

and femtocells in the presence of co-channel interference 

(CCI) in [1], [3], [9], it can be said that these studies are more 

specific to CDMA based systems. There are relatively limited 

studies on orthogonal frequency division multiple access 

(OFDMA) based femtocell networks, which offer greater 

flexibility in terms of allocation of frequency resources. In this 

work, the focus is on the next-generation OFDMA based co-

channel femtocells, which share the same spectrum with the 

macrocell network and aim an efficient utilization of spectrum 

resources while causing minimum interference to the 

macrocell network. Some related work on avoiding 

interference in OFDMA networks through spectrum sensing 

[10] and through intelligent radio resource allocation [11], 

[12] is available in the literature in the context of cognitive 

radio systems; however, these work do not consider system-

specific issues related to femtocells. 

The major goal in this paper is to introduce an interference 

avoidance framework between a femtocell and the mMSs, 

which is based on not using the resource blocks occupied by 

closely located mMSs. Availability of macrocell frequency 

scheduling information is considered, and this information is 

effectively utilized in conjunction with spectrum sensing. 

Moreover, inter-carrier interference (ICI) from macrocell UL 

to the femtocell UL is analyzed. The variation of ICI with 

respect to mMS-to-fBS distance is investigated via 

simulations, and how ICI affects the decisions about UL 

spectrum opportunities at a femtocell is demonstrated. 

The rest of the paper is organized as follows. The system 

model is provided in Section II. CCI and ICI problems in the 

co-channel femtocell deployment are discussed in Section III. 

In Section IV, the proposed CCI avoidance framework is 

introduced. Simulation results are demonstrated in Section V, 

and the last section concludes the paper. 

II. SYSTEM MODEL 

Since both the macrocell and femtocell networks considered 

are OFDMA based, their signals can be modeled in the same 

way. Also, since the downlink signal has a model that is 

similar to any of the uplink user signals (except for the 

frequency scheduling), only the UL signal model will be given. 

Consider an OFDMA system with Nu users in the UL. The 

sampled time domain signal at the transmitter of user i can be 

written as 
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where Ptx,i is the transmit power for user i, k ∈ Γi is the 

subcarrier index, Γi is the set of subcarriers of length Ni 

assigned to user i out of N total subcarriers, NCP is the length of 

the cyclic prefix (CP), and Xi(k) is the data on the kth 

subcarrier ith user. 

   The time domain aggregate received signal is the super- 

position of signals from all users, each of which propagates 

through a different multipath channel and arrives at the 

receiver with a delay /i iN T , where τi is the 

propagation delay experienced by user i, and T is the duration 

of the useful part of the symbol. Then, aggregate discrete-time 

received signal can be expressed as  
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where ( )n denotes the additive white Gaussian noise 

(AWGN), and 

 

1

rx,

0

( )

, CP

( ) ( )

( ) ,

L

i i i

l

m

i l i

m

y n P l

x n D m N N

 (3) 

where m is the symbol index, Prx,i is the received power for 

user i, L denotes the total number of multipath components 

(MPCs), αi(l) is the lth MPC for user i, and 

, , / ,l i l i iD N T  where τl,i is the delay of the lth MPC 

for user i. If  Dl,i ≤ NCP , the frequency domain signal for the 

kth subcarrier of user i is given by 
1
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where Esc,i is the average received energy per subcarrier for 

user i, which is equal to Prx,i.  

III.  CCI AND ICI ISSUES IN FEMTOCELL DEPLOYMENTS 

A. Deployment Configurations 

There are two common spectrum access approaches for 

femtocell deployments: 1) Dedicated channel access, and 2) 

Co-channel access. For dedicated channel operation, 

femtocells are assigned a separate channel than that of the 

macrocell. Even though this approach mostly eliminates 

potential interference from the macrocell, frequency resources 

are not efficiently utilized. Co-channel deployment enables 

more efficient utilization of the available spectrum, where all 

the frequency resources of the macrocell are re-used only by 

the few users of the femtocell. Co-channel deployments have 

been commonly preferred in the prior-art works on femtocell 

networks due to more efficient utilization of the spectrum 

resources (see e.g., [1], [9], [13]). For example, [1] reports 

simulation results with co-channel femtocell access, where the 

median of the system-wide sum-throughput improves by nearly 

250 b/s/Hz with respect to a scenario without femtocells. 

However, co-channel interference still remains a critical 

problem, especially for scenarios where there are mMSs in the 

vicinity of a femtocell. In the access mode referred as the 

closed-subscriber-group (CSG) mode [7], close-by mMSs are 



 

not allowed to make hand-off to the femtocell network. 

Especially for femtocells on the edge of the macrocell, this 

implies significant interference concerns between the mMSs 

and the femtocell. One of the contributions of the present work 

is a method for handling the interference from close-by mMSs, 

by avoiding using their frequency resources at the femtocell 

network, which will be discussed in more detail in Section IV. 

 

B. CCI Scenarios for mMSs 

As discussed in the previous subsection, co-channel imple-

mentation brings the advantage of efficient spectrum usage. 

However, it also results in CCI between the femtocell(s) and 

the macrocell in various ways. In Fig. 2, different CCI 

possibilities are listed according to their sources, their targets, 

and whether they occur in the DL or the UL. 

  

 
Fig. 2 All possible interference scenarios related to femtocell 

communications. 

 

Interference scenarios #1 − #2 involve the CCI caused by 

the femtocell network to the macrocell network, scenarios #3 − 

#4 involve the CCI caused by the macrocell network to the 

femtocell network, and scenarios #5−#6 are the CCI scenarios 

between close-by femtocell networks. All these interference 

scenarios can be considered for both time division duplex 

(TDD) and frequency division duplex (FDD) systems. It 

should be noted that these scenarios are based on the rule that 

femtocell is not allowed to be in DL while macrocell is in UL 

(in TDD systems), or femtocell cannot use the UL frequency 

band of the macrocell for DL (in FDD systems). In this paper, 

we consider scenario #3, which is the interference to an fBS 

due to the UL transmission of macrocell MSs, as well as #4, 

which is the interference from the mBS to the fMSs. 

   The distance between an mMS and a femtocell network may 

be as large as twice the cell radius. This suggests that even 

with co-channel operation, CCI between a femtocell network 

and some far away mMSs may be insignificant. Hence, both in 

UL and DL, a femtocell network may intelligently utilize the 

resource blocks of these far away mMSs, and avoid co-channel 

operation with close-by mMSs in order to minimize the CCI 

problem. On the other hand, since mBS is located at the center 

of the macrocell, its distance to any particular femtocell is 

smaller than the cell radius. Hence, the received interference 

by the femtocell is considerably strong and it needs to be 

cancelled at the fMSs. Details of addressing the CCI will be 

presented in Section IV. 

 

C. ICI in the Uplink 

A different type of interference that may be observed in next 

generation femtocell deployments is the inter-carrier- 

interference (ICI) [1], [14], [15]. It is specific to the uplink and 

it is caused by the timing misalignment of mMS signals at the 

femtocell BS. Typically, the mMSs get synchronized to the 

mBS in the uplink through a ranging process, where the mBS 

determines and announces the instant to start transmission for 

each mMS. Since such a synchronization mechanism is not 

applicable for the fBS, the mMS signals arrive at the fBS with 

different delays due to their different distances to the fBS, as 

illustrated in Fig. 3(b). 
 

 
Fig. 3 The relation between the arrival times of mMS signal delays, CP-

size, and ICI. (a) Structure of a femtocell symbol, (b) Signal arrival times 

from four different mMSs at an fBS that are within the CP, (c) mMS 

signal arrival times that exceed the CP, and (d) Illustration of ICI due to 

delays larger than the femtocell CP size. (m-RB: Macrocell resource 

block, f-RB: Femtocell resource block) 

 

   Assuming that the femtocell is synchronized to the first 

arriving mMS signal in the uplink, if the delays of some of the 



 

other mMSs exceed the CP of the femtocell symbol (see Fig. 

3(c)), orthogonality between the subcarriers is lost. This causes 

inter-carrier interference in the resource blocks that can be 

reused by the femtocell network, as illustrated in Fig. 3(d). 

This is especially a critical problem for femtocells that are 

located closer to the macrocell edge [15] due to the increased 

spread of the mMS arrival times. 

   When there are some Dl,i > NCP, the received signal on the 

kth subcarrier of user i can be written by getting the FFT of (3) 

as follows 
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After plugging (1) into (5) and some manipulation, we have 
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where the desired signal and the total ICI are respectively 

given as 
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where 
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with I(i, k) denoting an indicator function given by 
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   The user distance (di) has two opposing effects on the ICI 

power. Since user delays are directly proportional to di through 

D1,i =  di /(cTs), where c is the speed of light, and Ts is the 

sampling time, a longer distance leads to a larger delay and 

hence a stronger ICI. On the other hand, since Esc,i also 

depends on di  through Esc,i = Ptx,i λ
2
 /[(4π)

2
 di

 γ
], where λ is the 

wavelength of the transmitted signal, and γ is the path loss 

exponent, weaker ICI should be observed at large distances. 

Therefore, as will also be verified through simulations in 

Section V, ICI power in (8) is expected to be maximized at a 

certain distance and then will start decreasing with di. 

Knowledge about the variation of received signal as well as 

ICI powers with respect to distance can be especially useful in 

the following specific scenario. Assume that the macrocell BS 

provides the fBSs not only with the mMS scheduling 

information but also with the geographical coordinates of the 

mMSs. Moreover, the fBSs are not capable of spectrum 

sensing, which means that, for determining the spectrum 

opportunities, they solely depend on the information that they 

receive from the mBS. In this scenario, the fBS can determine 

the usable occupied resource blocks according to the received 

signal power versus distance information. The unoccupied 

resource blocks that should be avoided due to ICI, on the other 

hand, can be found according to the ICI versus distance 

information. 

IV. HANDLING CCI AND ICI THROUGH FREQUENCY 

SCHEDULING  

A. General Framework 

In a CSG femtocell deployment, the potential CCI problem 

between the femtocell and mMSs both in UL and DL can be 

prevented by ensuring that femtocell avoids using the 

macrocell resource blocks that belong to nearby mMSs as 

illustrated in Fig. 4 in a simple way. 

 

 

    
Fig. 4 Framework for handling the interference between femtocell and 

macrocell in the downlink and in the uplink. Femtocell senses the 

spectrum during UL, identifies the close-by users through UL scheduling 

information, and avoids using their spectrum specified in DL scheduling 

information. 



 

   The steps of the CCI avoidance based framework that we 

propose for the UL can be summarized as follows. First, the 

fBS receives the mMS scheduling information from the mBS. 

Then, it performs spectrum sensing for finding the occupied 

parts of the spectrum, which are supposedly the resource 

blocks of nearby mMSs and determines the spectrum 

opportunities by comparing the sensing results with the 

scheduling information. Finally, the fBS schedules its fMSs 

over the spectrum opportunities determined. 

   The main points of handling the CCI in the downlink, on the 

other hand, can be summarized as follows: 

 In the uplink, fBS determines the occupied UL resource 

blocks through joint utilization of scheduling 

information and spectrum sensing results (see Section 

IV.C for more details). Sources of high signal power are 

labeled as closely located users. 

 The UL scheduling information indicates which 

resource blocks belong to which user. Hence, this 

information can be used to individually identify each 

closely located user. 

 Utilizing the DL scheduling information, again obtained 

from the mBS, the DL resource blocks that belong to 

the identified closely located users are found. 

 fBS avoids using the resource blocks of close-by users 

not to cause any interference to them in the DL. The 

interference from the mBS that hits the fMSs, on the 

other hand, is cancelled via advanced cancellation 

methods by the fMSs. 

An example for the CCI cancellation methods that can be 

employed by the fMSs is introduced in [16], where a Least 

Mean Square (LMS) Maximum Likelihood Estimation (MLE) 

method is proposed to estimate the time varying channels and 

the transmitted symbols simultaneously. Also, an MLE based 

joint demodulation algorithm is provided in [17] for a receiver 

with multiple antennas where availability of reliable channel 

estimates is assumed. A detailed discussion of these 

cancellation methods, however, is beyond the scope of this 

paper. In the remainder of this section, two critical steps of the 

proposed co-channel femtocell operation framework will be 

discussed. 

 

B. Obtaining Scheduling Information from the mBS 

We consider two possible methods for the fBSs to obtain the 

scheduling information of mMSs from the mBS. These two 

methods are receiving the scheduling information through the 

backhaul, and capturing the scheduling information over-the- 

air. In the first method, upon initialization, fBS establishes a 

secure and stable backhaul connection to the operator network 

and obtains information about the mMS resource blocks. The 

mBS needs to make and then deliver the scheduling decision 

well ahead of the scheduled transmission, the ahead time being 

greater than the latency of the backhaul. In the second method, 

the mMS scheduling information is received from the mBS 

over the air. For this purpose, fBS may connect to the mBS as 

an mMS, and use this connection in order to obtain the 

scheduling information. 

 

C. Jointly Utilizing Scheduling Information and Spectrum 

Sensing Results 

   In a well designed OFDMA system, it is expected that 

almost all resource blocks are allocated to users. Therefore, 

scheduling information that the fBS obtains from the mBS 

would normally indicate that the spectrum is mostly occupied. 

However, since many of the mMSs are far away from the fBS, 

their resource blocks can still be utilized at the femtocell. 

Through spectrum sensing, an fBS can detect resource blocks 

that are either not used by the macrocell network, or belong to 

far away users. 

   The occupied parts of the UL spectrum can be found by 

simple means such as energy detection. Energy detection is 

performed by taking the Fourier transform of the received time 

domain signal r(t), which yields a 1 × N frequency-domain 

sample vector rrec . Then, its magnitude squared is computed, 

and compared with an energy detection threshold
(ED)

thrs . 

Energy detection outputs for all the received subcarriers can be 

written as 

 
2 (ED)

ED rec thrsU ,r  (11) 

where U(x) denotes the unit step function that individually 

applies to all the elements of a vector x, and ED is a 1 × N 

vector with elements  {0,1} (a 0 implies that the subcarrier 

is sensed as unoccupied, while a 1 implies that the subcarrier is 

sensed as occupied). 

   Once the spectrum sensing results are available, the fBS may 

compare the spectrum sensing results with the UL scheduling 

information to decide about the spectrum opportunities. 

Denoting the 1 × N sized scheduling vector of an mMS-j with 
( )

sch

j
 (elements of the scheduling vector are 0s and 1s), the 

decision for occupied subcarriers can be made as follows. 
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where ,x y is the inner product of vectors x and y, ||x||1 is the 

L1-norm of a vector x, and 0 < jnt  < 1 is a joint detection 

threshold. For example, if jnt  = 0.5, this means that at least 

half of the sub-carriers from a scheduling vector need to be 

sensed as occupied so that the mMS is identified as a nearby 

mMS. An appropriate value for jnt  determined through 

simulations is 0.75. 

   Spectrum sensing results are impaired with missed detections 

(MD) and false alarms (FA) due to additive noise. In the 

macrocell uplink, another reason for these impairments is the 

ICI that is caused by the timing misalignment.  
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Fig. 5 Combining scheduling information with spectrum sensing results. (a) Received subcarrier powers and the energy 

detection threshold, (b) Scheduling information for multiple mMSs, where an LTE resource block size of 12 subcarriers is 

considered. (c) Energy detection results matched with scheduling information, false alarms occur due to noise and due to 

ICI, (d) Spectrum opportunities detected. 

 

If the interference level of mMS-j  is strong, it satisfies 

 
( ) ( )

ED sch sch jnt
1
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This implies that if that mMS’s delay is larger than the CP of a 

femtocell signal, it may also yield a strong ICI in some 

resource blocks leading to false alarms. Denote Πint as the set 

of mMSs that satisfy the above equality. In order to detect if 

there are any resource blocks that are subject to strong ICI, the 

femtocell checks the neighboring resource blocks of mMSs 

that belong to the set Πint. Typically, ICI may impact only few 

resource blocks within the neighborhood of a certain 

subcarrier. Letting ICI denote the number of subcarriers 

where ICI may be considered as dominant, the set of 

subcarriers that will be checked for the presence of ICI is 

given by the following vector 
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where shift (x, )k is a logical right-shift operator which shifts 

the elements of a bit-vector x in k bit positions towards right, 

and sign(x) is a sign operator which operates individually on 

all the elements of a vector x. Once the subcarriers that may be 

subject to ICI are obtained in vector sch,2 ICI( ) , they                       

are compared with the energy detection threshold 
(ED)

thrs as 

follows 

 
2 (ED)

ICI sch,2 ICI rec thrsU ( ) ,r  (15) 

where is used to indicate a term-by-term product. Then, all 

the occupied resource blocks are captured by the sum 

ICI + used , whose complementary set yields the spectrum 

opportunities. Note that if any information about the delays 

from the mMSs are available, such information can be utilized 

in obtaining the set Πint, where mMSs whose delays are within 

the CP-length are not included into the set since they do not 

cause significant ICI (they may still yield some ICI due to their 

multipath components). 

   As a simple example, consider the macrocell UL scenario 

illustrated in Fig. 5, where a resource block size of 12 

subcarriers as in the Long Term Evolution (LTE) standard is 

considered. The fBS compares the spectrum sensing results 

(shown in Fig. 5(c)) with the scheduling information (shown in 

Fig. 5(b)) to determine the resource blocks that constitute 

spectrum opportunities. Energy detection applied to the 



 

received signal (Fig. 5(a)) yields some FAs due to noise and 

due to ICI as shown in Fig. 5(c). These false alarms may or 

may not cause a resource block to be considered as occupied 

based on their number within each resource block, e.g. if 

the jnt is 0.75, the FAs need to exceed 25% of the block size 

for the block to be detected as occupied. The spectrum 

opportunities found for the illustrated scenario are shown in 

Fig. 5(d), where scheduling information is plotted again for 

visual comparison. Note that the spectrum sensing results 

indicate that the received signal power for mMS2 is relatively 

weak because it is apparently a far-away mMS. This means 

that the resource blocks associated with mMS2 may be utilized 

by the femtocell both in the uplink and in the downlink. 

Moreover, the resource block located around subcarriers 170 

cannot be used even though the scheduling information 

indicates that it is available. This is due to the strong ICI from 

the subcarriers of mMS-3 and mMS-4. 

V. SIMULATION RESULTS 

Computer simulations are performed to analyze the variation 

of ICI with respect to distance as well as to quantify the effect 

of ICI on the successful detection of empty parts of the 

spectrum. The path loss model used in the simulations, which 

is derived from the Okumura-Hata model, is obtained from [8]. 

The model, which is applicable to small to medium cities, 

yields the path loss (in dB) as follows 

 

 
c b

b M
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44.9 6.55log( ) log( ) ( ) ,
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where fc is the center frequency, hb is the base station height 

above ground, hM is the mobile station height above ground, 

and F(hM) is given by 

 
M c M c1.1log( ) 0.7 1.56log( ) 0.8 .F h f h f  (17) 

Concerning the scenario at hand, hb should be considered as 

the height of a femtocell BS, which is found in a high-rise 

building. The parameters related to wave propagation and path 

loss used in the simulations are mainly selected according to 

the values given in [3] and [8]. All simulation parameters are 

listed in Table I. 
TABLE I 

SIMULATION PARAMETERS 

Parameter Value 

Center frequency (fc ) 

Bandwidth (B) 

FFT size 

Symbol duration 

CP sizes 

BS height (hb ) 

MS height (hM ) 

MS transmit power 

Antenna gain 

Wall penetration loss 

Number of Walls 

Noise floor of fBS 

700 MHz, 2 GHz 

5.714 MHz 

512 

89.9 µsec 

1/32, 1/16, 1/8, 1/4 

30 m, 50 m 

2m 

27 dBm 

16 dB 

15 dB 

1 (external) 

-174 dBm/Hz + 10log10(B)  

= -106.43 dBm 
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Fig. 6 Variation of ICI power wrt. RTD for different center frequencies 

and femtocell BS heights. 

 

The variation of the ICI power depending on the round-trip-

delay (RTD) is plotted in Fig. 6, where the largest delay 

corresponds to a distance of 5 km. To obtain the simulated 

results, the resource blocks allocated to the mMS2 are 

randomly spread around the given spectrum, and ICI is 

measured by determining the total energy in the unused 

resource blocks. The theoretical curves, on the other hand, are 

plotted utilizing the expressions for ICI given in (8) to verify 

the simulation results. From the curves plotted, it can be 

concluded that 

 ICI is typically close to zero for delays smaller than the 

CP size. Once the CP is exceeded, there is a sharp rise 

in the ICI, but at larger distances ICI decreases due to 

increased path loss. 

 Under certain conditions, ICI power might be lower      

than the noise floor, i.e. the effect of ICI can become      

negligible. 

To investigate how the ICI power is affected by the changes in  

certain important system parameters, the ICI versus delay 

analysis is performed for two different center frequencies and 

two BS heights (employing a CP size of 32 samples). The 

results demonstrated in Fig.6 show that employing a lower 

center frequency or having the BS at a higher location might 

considerably increase the received interference power. 

   Another analysis is performed on the error probability in 

detecting the occupied and unoccupied subcarriers in the 

received UL signal via energy detection. The error probability 

is computed as the sum of probability of missed detection 

(PMD) and probability of false alarm (PFA). PMD is defined 

as the ratio of number of subcarriers detected as unused 

although they are used to the total number of subcarriers N. 

PFA, on the other hand, is the ratio of the number of 

subcarriers detected as used although they are unused to N. 

   Two different subcarrier assignment schemes are considered. 

The first one is a blockwise assignment, where the two 

schemes used in the simulations are an LTE resource block 

with 12 subcarriers and 7 symbols, and a WiMAX UL PUSC 



 

tile with 4 subcarriers and 3 symbols. These schemes will be 

shortly denoted as 12 × 7 and 4 × 3, respectively. The other 

assignment scheme considered is a randomized assignment, 

where each individual subcarrier may be assigned to a 

different user. The two randomized assignment schemes em-

ployed in the simulations are 1 × 7 and 1 × 3. The maximum 

RTD that the latest arriving user signal can have (τmax) is 

considered to be between 0 µs and 60 µs, where all other user 

RTDs are between 0 µs and τmax. Note that τmax values greater 

than 11.2 µs exceed the CP duration. 
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Fig. 7 Error probability versus τmax for energy detection with blockwise 

and randomized assignments. 

 

   Fig. 7 demonstrates the related simulation results, where the 

signals of all 12 users are considered to have the same power. 

An optimum energy detection threshold is used in all cases. It 

is observed that in randomized assignment, ICI has a more 

destructive effect on the detection performance. This is 

because in randomized assignment, each occupied subcarrier 

affects its adjacent subcarriers, some of which may be 

unoccupied. In the blockwise assignment, however, the 

subcarriers that are strongly affected are limited to the ones 

that are adjacent to each block. The two reasons for the error 

rates being higher for block size 4 × 3 compared to block size 

12 × 7 are that number of subcarriers is smaller leading to a 

higher number of affected empty subcarriers, and number of 

symbols is smaller resulting in worse noise averaging. 

VI. CONCLUDING REMARKS 

In this paper, a framework for an OFDMA based co-channel 

femtocell implementation is provided for next-generation 

broadband wireless communication systems. Co-channel 

interference is avoided by determining the spectra of closely 

located users and not using their resource blocks both in the 

UL and DL. Moreover, the impact of ICI is taken into account, 

which occurs due to asynchronous arrivals of mMS signals to 

an fBS. In order to improve the spectrum sensing results, the 

scheduling information obtained from the mBS is utilized. The 

proposed framework may help in solving the interference 

problems observed in the CSG mode of operation in OFDMA 

based femtocell networks , where, a macrocell MS located 

close to a femtocell may cause significant interference to (and 

receive significant interference from) that femtocell. 
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