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Abstract—In this paper we propose an opportunistic access
procedure in an OFDMA-based femtocells scenario. The procedure allows the femtocells to provide its users with higher
data rate by accessing the unused sub-channels of the macrocell.
It is based on combining information from the overall system
architecture with side information used to detect the unused subchannels. The proposed procedure is compatible with Long Term
Evolution (LTE) standard, and provides a 20-26 % increase in
user data rates in our evaluation scenarios.

I. I NTRODUCTION
The rapid increase in demand for high data rate pervasive
wireless communications has lead cellular network providers
and equipment vendors to develop new concepts that (1)
provide high data rates especially for indoor users, (2) reduce operator power consumption, (3) create new market
for manufacturer and small hardware companies, and (4) are
compatible with existing technologies like GSM, LTE/LTE-A,
or IEEE 802.16. Furthermore, the International Telecommunication Union (ITU) has set a goal of providing 1 Gbps for
beyond International Mobile Telecommunications-2000 (IMT2000) systems [1], [2], such as Long Term Evolution (LTE)
advanced systems. This objective can be reached by combining advances in communications technology, smart topology
design, and spectrum refarming [3]. One of the promising
concepts that fulfill these requirements is the deployment of
femtocells that provide services in a range of 10-30 m in
homes or small business [3]–[6], enabling significant increase
in network density and thereby the degree of spatial reuse.
In general, femtocells will be deployed in a multi-tier
topology including macro- and microcells, where the different layers either share the same frequency channels or use
orthogonal ones [7]. The shared spectrum increases spectral
efficiency but requires more complex interference management
techniques and reliable coordination between the base stations
of each layers as well as between the base stations of the
different layers. Since femtocells are expected to be deployed
by the users in a highly dense fashion, especially indoors, the
control of the operator on the topology and the activity of the
femtocells will be reduced. This will make interference control
in shared spectrum a very challenging problem. Although
the orthogonal spectrum allocation does not suffer from the
problem of interference between the different layers, it may
lead to a decrease in spectrum efficiency; even if dynamic

spectrum assignment to femto- and macrocells is applied as
in [8], the dynamics of user activities in both layers will lead
to sub-optimal solutions over time.
In the last few years, many interesting solutions have been
proposed for the interference management problem in shared
spectrum and orthogonal spectrum assignment [5]–[12]. In this
paper, we propose a framework that combines the advantages
of both approaches, through opportunistic spectrum access.
The proposed framework does not only adapt to the long-term
dynamics of the macrocells as the other existing approaches,
but also the short-term dynamics (i.e. at ms timescale) of
the macro users by exploiting the special structure of the
LTE/LTE-A frames. This makes the system more flexible and
provides higher data rates. Furthermore, the proposed approach
is different from the Time Domain enhanced Inter-Cell Interference Coordination concept introduced in 3GPP release 10
where part of the transmitted signal by an eNodeB is muted by
sending Almost Blank Sub-frames (ABS) to allow other eNBs
to transmit with lower inter-cell interference [13]. The main
difference is that the ABS are created intentionally, configured
semistatically, and signaled between the eNodes/HeNodeBs
while the opportunistic access in our framework are created
naturally and detected by the HeNodeBs in real time fashion.
The framework is applied to one scenario and the results
are analyzed accordingly. We show that our scheme provides
a 20-26 % increase in user data rates in our evaluation scenarios compared to approaches with no opportunistic access.
The rest of the paper is organized as follows. We describe
our system model in detail in Section II, and then describe our
resource allocation framework in Section III. The evaluation
scenarios and the used simulation framework is then discussed
in Section IV together with the performance evaluation results.
Finally, conclusions are drawn in Section V.
II. S YSTEM M ODEL AND M AIN I DEA
We consider an LTE/LTE-Advanced system where the temporal resource allocation unit is a 1 ms sub-frame composed
of two identical slots in terms of used resources [14] as shown
in Fig. 1. This key property is exploited by the proposed
opportunistic channel allocation of the femtocells.
A Physical Resource Block (PRB) is defined as a set of
12 contiguous subcarriers within one slot duration. Depending
on the bandwidth of the carriers assigned to the operator, the
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Fig. 1: Frame structure in LTE/LTE-A systems.

Fig. 2: Channel assignment for macrocells and femtocells.

number of PRBs can range between 6 and 100, if no carrier
aggregation is used. We denote the number of PRBs by N .
The considered system is composed of macro- and femtocells that either use orthogonal PRBs or are assumed to be
spatially distant enough to share the same spectrum without
interfering each other significantly. In the first case, the femtocells use a set of PRBs that changes over time depending
on traffic changes in macro- and femtocells [8]. In the second
case, the pool of PRBs are shared by macro- and femtocells
under the condition that the sharing is allowed if the separating
distance between the base stations is higher than a given
threshold. For instance, a frequency reuse of 3 can be used
in the macrocells [11]. In this case, the femtocells that are in
the coverage area of one macrocell will use the PRBs assigned
to the other two macrocells as shown in Fig. 2. This example is
considered in the following to explain the proposed approach
and study its performance, but the concept can be applied in
the two aforementioned scenarios.
Femtocells are designed to support a low number of users,
which makes the temporal changes in the traffic patterns both
drastic and sporadic. In addition, data traffic is expected to
be dominant in such scenarios [15]. In contrary to voice
applications, data transfer is an elastic application, in that
it is usually able to modify its data rate according to the
available resources [16]. On one hand, this will make real-time
estimation of femtocell traffic very difficult, if not impossible.
On the other hand, any additional bandwidth will increase user
satisfaction, and thus the service provider profits. Therefore,
any spectrum partition between femto- and macrocells will be
sub-optimal. In order to take into account the elasticity of data
applications in femtocells, opportunistic access concept can be
used. In particular, we exploit the special frame structure of the
LTE/LTE-A systems. Opportunistic access to macrocell PRBs
by HeNodeBs is enabled by the fact that not all PRBs will be
used by the macrocells, especially during night when most of
the traffic is be generated inside the buildings.
In this paper, we assume that both macrocells and femtocells
use Frequency Division Duplex (FDD) mode for simplifying

the evaluation process. However, the proposed framework can
be easily extended to allow the use of Time Division Duplex
(TDD) mode, especially for femtocells.
III. F RAMEWORK D ESCRIPTION
The Interference Mitigation Algorithm based on channel
allocation Knowledge (IMAK) is an algorithm based on the
knowledge of the real-time macrocell allocation matrix to
mitigate the interference between femtocells and macrocells in
an LTE network. The algorithm is based on an opportunistic
access to the unused PRBs of the macrocell whenever the
traffic of the femtocells becomes higher than can be supported
by the allocated channels. We divide the process of PRB
allocation to eNodeBs, HeNodeBs, and users is into two
phases: long-term allocation and real time allocation.
A. Long-term Allocation
The long-term allocation is divided into two processes:
Inter-layer allocation and intra-layer allocation. The former
involves of the distribution of the N PRBs between macrocells
and femtocells. It is done, for instance by the operation support
subsystem (OSS), as explained in the previous section and
depicted in Fig. 2. It should be noted that any other allocation
can be also applied. The intra-layer allocation is the process
of distributing the PRBs between the different base stations in
each layer. The time scales of these two processes depend on
the traffic dynamics. For the inter-layer allocation it is in the
scale of days or months, whereas it is in the scale of hours.
The allocation of PRBs to eNodeBs is based on a frequency
reuse pattern. In this work the three sectors of a eNodeB use
different PRBs (A frequency reuse of 1 can be also used).
Therefore, N/3 PRBs will be assigned to each sector.
The whole set of PRBs allocated to femtocells (i.e. 2N/3
PRBs) is used by the HeNodeBs of each building due to the
low interference between different buildings. The allocation
process is triggered by the activation or de-activation of a
HeNodeBs. In our system, the channels assigned to a HeNodeB are not assigned to neighboring HeNodeBs, in similar

way as in frequency reuse pattern in cellular network. This
will reduce the inter-femtocell interference which can be very
high due to the possible short distances between femtocells.
The process of choosing the neighbors depends on the number
of available PRBs for each building (i.e. 2N/3). The main idea
is to maximize the distance separating two HeNodeBs using
the same PRB while guaranteeing that each HeNodeB will get
a minimum number of PRBs Nf , which considered here to be
a constant equal to 6 (Nf can be also a parameter to optimize).
Therefore, the maximum number of HeNodeBs considered
as neighbors should be limited to NH = ⌊(2N/3)/Nf ⌋,
where ⌊.⌋ is the floor function. Since the HeNodeBs that are
separated by many walls do not generate high interference,
any HeNodeBs that are separated by more than 2 walls are not
considered as neighboring HeNodeBs in this paper (A more
advanced technique can be also used to define neighboring
HeNodeBs). Based on this approach, each HeNodeB finds its
NH neighboring HeNodeBs starting by the ones separated by
one wall. Then the PRBs of this HeNodeBs are chosen from
the pool of PRBs allocated to the femtocells in that region
excluding the ones allocated to the neighboring cells.
Further, each HeNodeB will be allocated a number of PRBs
as potential PRBs to be used in an opportunistic way in the
real-time allocation process. These PRBs are allocated in a
similar way to the normal PRBs and their number is limited
to No . In this work this number is equal to Nf /2 since the
total number of available opportunistic PRBs is half of the
available PRBs for femtocells. This limitation is considered
here in order to guarantee that all HeNodeBs will have equal
chances to access to opportunistic channels. Of course, this
limitation can be removed through optimization techniques,
but it is out of the scope of this paper.
The inter-layer allocation will be normally performed by
the planning tool of the network, in particular by the Operational Support Systems (OSS). The intra-cell allocation can
be performed by the eNodeB for the macrocell layer while it
is performed by either the eNodeB or the HeNodeB Gateway
based on information stored in a local Radio Environment Map
(REM) manager [17], [18] in each building, for instance.
B. Real-time Allocation
In the real-time allocation, each HeNodeB will assign the
Nf PRBs to the active users. Here we consider that we have
two types of applications requested by the users: elastic and
non-elastic. The non-elastic applications here are the applications that require a fixed data rate and usually short end-to-end
delay, such as voice communication. Elastic applications are
the ones for which the satisfaction of the user is an increasing
function of the data rate. Therefore, the HeNodeB will first
allocated PRBs to the non-elastic users, and the remaining
PRBs will be equally allocated to the other applications. We do
not assign opportunistic PRBs to the non-elastic applications
since the quality of service in these PRBs is not guaranteed
because a macro user can start using them at any moment.
In case the HeNodeB has at least one user requesting an
elastic application, the HeNodeB will check its No oppor-

tunistic PRBs. If some of them are not used by the covering
eNodeB, the HeNodeB will again distribute these PRBs between the elastic applications. In order to detect the available
PRB, the HeNodeB can either sense the control channels
transmitted at the beginning of each slot or it can decode the
control channel of the HeNodeB in order to detect the identity
of the existing macrocell and synchronize with its frames.
We adopt here the second procedure. More specifically, we
assume that the HeNodeB can decode the Physical Downlink
Control Channels (PDCCH) transmitted in the first n OFDM
symbols of the first slot of each subframe1 [20] as shown
in Fig. 1. For this the HeNodeB may need to know macro
users’ Radio Network Temporary identifiers (RNTIs) in order
to ensure that the decoding of the allocation matrix is done
without errors [21]. Since these identifiers change, the covering
eNodeB can send this information to the HeNodeBs and
update it when necessary. This can be done for instance
through a hierarchical REM [18]. The knowledge of the
RNTI is not a critical requirement for this approach. However,
without this information, some error in the decoded allocation
map may appear. The PDCCH contains the Downlink Control
Information (DCI) that has specific fields for PRB allocation to
users during the subframe. The HeNodeB should decode these
fields to retrieve the complete channel allocation map of the
macrocell during the subframe. This will allow the femtocell
to detect the PRBs that are not used by the covering macrocell.
Two approaches can be used here. In the first approach,
minimum changes are required on the structure of the frame
of the femto users. In this case, only the first slot of the subframe will be used by the femtocell. This slot will be shifted by
n OFDM symbols with reference to the macro slot to allow the
HeNodeB to decode the macrocell PDCCH. This slot overlap
with the two slots of a macro subframe detected to be idle.
The second slot will be empty to prevent any interference
with macro users2 . This is the only required change. However,
this approach will reduce the amount of additional resources
acquired by the HeNodeB. To solve this problem, the femto
users can be designed to be fully cognitive systems that can
change their PHY and MAC in a dynamic way using dynamic
policies. The required change is that the first symbols of the
opportunistic slots are not used by the HeNodeB and thus
no control information are sent in these slots. Hence, the n
symbol shift is not anymore required and the two slots of the
frames can be also used. We use the first approach with only
the first slot used to keep the system compatible with 3GPP
LTE/LTE-A standards.
The real-time allocation is performed directly by the femtocell based on the long-term allocation.
IV. S IMULATION M ODEL AND R ESULTS
The IMAK performance is evaluated through a discreteevent simulator with a granularity 1 ms (i.e. one sub-frame).
The results are compared to the ones given by an algorithm
1 Without
2 The

loss of generality, we consider that n = 3 in this paper as in [19].
first N − n slots of the second slots can be also used.

TABLE I: Application parameters.
mean
mean
mean
mean

silence duration
talking duration
service time for
service time for

for ftp users
for ftp users
voice users
data users

2 seconds
2 seconds
120 seconds
24 seconds

without opportunistic access. In the following, we only evaluate the performance of the downlink of the two layers.
We considered seven trisectorized macrocells with sectors
of 1/3 km radius and using 10 MHz bandwidth with center
frequency 2 GHz. Each macrocell contains one building of
4 rows, 6 floors and 10 cells each. The transmit powers
of the eNodeBs and HeNodeBs are 43 dBm and 20 dBm,
respectively. These powers are equally distributed over the
PRBs assigned to the cell. The same propagation model as
in [22], [23] is used for simulations. The thermal noise density
and the receiver noise figure in both layers are -174 dBm/Hz
and 9 dB, respectively. We considered two types of applications in the evaluation: VoIP and FTP. The parameters of
the applications and their evaluation metrics are based on
the models presented in [24]. The remaining configuration
parameters are summarized in Table I. The number of PRBs
required by a the voice application is considered to be 1 PRB.
This number has also been confirmed by the simulation results.
We considered uniformly distributed users in the macrocells
and inside the rooms of active femtocells. We also assumed
that the macro users are only voice users whereas the femto
users can be either data or voice users. The mapping between
the experienced SINR by a user and the obtained data rate is
adopted from Annex A.1 of [25]. Moreover, the number of
the bits counted in each sub-frame is adopted from Table 111 in [4]. Based on this, the data rate using an opportunistic
PRB is 0.47 times the data rate provided by a normal PRB. If
fully cognitive HeNodeBs and femto users are deployed, this
reduction in data rate will not appear.
We have run the simulations over 24 × 104 sub-frames,
which is equivalent to 4 minutes for different values of macro
cell average load l, average number of data users in a femtocell
n, and femtocell activation ratio a. The macrocell load is
defined as the ratio between the average of simultaneously
active macro users attached to an eNodeB and the number
of assigned PRBs to that eNodeB (i.e. N/3). The activation
ratio is defined as the ratio between the active HeNodeB and
the deployed ones. The deployment ratio is 0.8, meaning that
only 80% of the rooms in a building contain active HeNodeBs.
The simulation results show that the number of satisfied voice
users when using IMAK is similar or higher than when IMAK
is not used in most of the cases. In the remaining situations,
which correspond to the case of high macrocell loads (i.e.
l = 0.6), the reduction in the satisfied users only for macrocell
users when using IMAK is less than 2%. This degradation
is due to the interference generated by the femtocells that
opportunistically access the macrocell PRBs. The results also
show that the number of blocked users remain approximately
the same in the two cases.

More importantly, we depict in Fig. 3 the empirical cumulative distribution functions of the provided data rates over all
users. These plots show clearly the significant gain provided
by IMAK in the overall capacity. On average, the increase in
data rate is approximately 20 % to 26 %. The figure also shows
that the gain is much higher when the activation ratio of the
femtocells is lower since more opportunities are available for
the femto users in this case. In addition, the increase in the
macro cell load or the number of femto users in a femtocell
has similar impact with or without IMAK.
V. C ONCLUSIONS
We have proposed an interference mitigation algorithm
based on channel allocation knowledge, that allows the femtocells to access in opportunistic way the sub-channel allocated
to macrocells to satisfy the increasing demand on higher data
rate. The proposed algorithm exploits the fact that the behavior
of the physical layer of the Long Term Evolution (LTE)
physical layer is repeated over two time slots. This allows
the use of the second time slot of a sub-channel assigned to
a macrocell if the first time slot is detected to be idle.
The main advantage of the algorithm is that although it is
very simple and compatible with the standards, it can provide
high increase in system performance. The simulation results
have shown that the proposed algorithm can increase the
data rate of data users by 20 to 26 %, depending on the
environment. Furthermore, this increase is obtained without
any decrease in the quality of service provided for voice
users. It should be noted that the algorithm can provide
higher performance if the bandwidth allocated to the system
is larger, since the number of opportunistic sub-channels
would increase. In addition, the allocation of the opportunistic
channels in this paper follows a static scheme. A dynamic
scheme is under development and is expected to significantly
increase the system performance further.
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