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Abstract- Short range, low power, plug and play femtocell improves indoor service availability with higher data rate, better 
voice quality,  extended cell edge coverage, network traffic offloading and negligible greenhouse gas emissions. However, 
due to frequency reuse, edge macrocell users are subjected to severe uplink interference from co-channel deployed femtocell 
in the same province.  Transmit power control approach is a recommended remedy to overcome such type of interferences. 
This paper deals with macrocell uplink interference avoidance, based on femtocell user’s Maximum Transmit Power Control 
with release 11’s feedback (R-11 based MTPC) approach. The feedback strategy incorporated in this paper is formulated by 
3rd Generation Partnership Program for Long Term Evaluation (3GPP LTE). Implementation of new release 11 signaling 
interface between femto-base station (FBS) and macro-base station (MBS) with power conditioning approach ensures 
minimal feedback delay, higher received signal to interference plus noise ratio (SINR), significantly less outage probability 
and better throughput. Simulation results witnesses less feedback delay, better power conditioning with less interference, 
improved SINR, negligible outage probability.  
 
Keywords- Macrocell, Co-channel deployed femtocells, Power control, Feedback-over-air, Interference avoidance. 
 

 
I. INTRODUCTION 
 
Cellular network is driven by an unpredictable 
revolution to guarantee ubiquitous, high speed data 
service along with the existing voice communication.  
The growing traffic burden, superior coverage 
necessity and the potential demand for spectrum has 
carved a niche for smallcell technology. Femtocells, 
the last subset of the smallcell family enable indoor 
voice and data service at superior quality with high 
quality network access. Femtocell is a home base 
station which radiates signal over a small coverage 
area. It connects the associated femtocell user to the 
cellular core network through subscriber’s broadband 
line.  
 
The small base station delivers multimedia services to 
indoor communication devices while simultaneously 
reducing the burden on the whole network traffic.  As 
a result, the design and development of Long Term 
Evolution (LTE) and beyond are being shaped with 
femtocell techniques. Besides, femtocells are 
deployed in the same frequency band as that of 
macrocell, to achieve higher spectral efficiency and 
better network capacity.  However, frequency reuse 
becomes hectic when the communication of co-
channel deployed femtocell is disrupting the wide 
macrocell network i.e., the intentional radio links to 
or from femtocell and macrocell may cause 
unintentional interactions with each other. Such 
service degradation may lead to poor macrocell 
throughput. If this relegating effect of the femtocell to 
the macrocell is fully realized and reduced, then 
femtocell will become an essential component in all 
future radio access network designs.  Maximum 
Transmit Power Control (MTPC) could be an 
efficient interference handling approach in such two 

tiered co-channel deployed networks.  If a femtocell 
transmits at higher power, its SINR could be 
appreciable, whereas non-associated macrocell user 
in femtocell’s vicinity will experience a loss of 
service. On the other hand, if a femtocell transmits at 
very low power, non-associated macrocell users are 
unaffected, whereas the femtocell users may 
experience unacceptable rise in noise and service 
outage in their own vicinity. Thus femtocell user’s 
maximum transmit power should be conditioned such 
that its operating power should not disturb the 
ongoing transmission of  non-associated macrocell 
user as well as another associated  femtocell user. 
This compromise in maximum transmit power of 
femtocell user lends a direction to the femtocells to 
find a berth in next generation two tier cellular 
network. Several solutions are proposed for 
controlling the co-channel interference, generally 
providing a compromise between macrocell and 
femtocell performance. Power control based 
Interference Management (IM) algorithms proposed 
by Shu-ping Yeh et al. For a multi-tier network show 
that the potential power control solution for femtocell 
minimizes the macrocell user’s outage probability 
with a femtocell user’s data rate compensation. Joint 
power control and admission algorithm in two-tier 
network guarantees the macrocell user’s QoS by 
throughput–power trade off optimization for 
femtocell users. With limited exchange of signaling, 
this algorithm efficiently administrates and controls 
the power with a stable state convergence.   
 
Yanzan Sun et al. Analyzed the uplink interference 
problem between OFDMA-based, partial co-channel 
deployed femtocell and macrocell networks. Using 
auction algorithm, co-channel deployed macrocell 
users are assigned with dedicated subcarriers, 
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whereas non-interfering macrocell users are assigned 
with subcarriers which are shared with femtocell. 
This way of resource assignment independently 
mitigates inter-tier interference.    
 
Chandrasekhar et al. Provide a link budget analysis 
and a distributed utility based SINR adaptation for a 
specific set of femtousers. The link budget analysis 
alleviates cross-tier interference at the macrocell with 
30% SINR improvement over the Foschini-Miljanic 
algorithm. Power conditioning approach proposed in 
optimizes the power to the indoor femtocell users 
alone, thereby shielding the non-associated user from 
co-channel femtocell interference. K. Han et al. 
Suggested a intercell coordination scheme where 
femtocell takes information about macrocell users 
from the MBS and once the macrocell user 
experience interference, the nearby femtocell user 
reduce its transmit power.  
 
Closed loop and open loop control strategies are 
proposed in to suppress interferences in 
heterogeneous network. Based on the noise and 
interference (NI) levels at MBS, the maximum 
transmit power of femtocell users are adjusted, 
thereby limiting the uplink throughput degradation at 
MBS.  Compared with open loop, closed loop power 
control provides better throughput without degrading  
macrocell throughput. Ji-Hoon Yun et al. Have 
formulated a maximum transmit power control 
approach for femtocells, along with existing wired 
network feedback strategy. Power conditioning loop 
is based on load-margin (degree of network traffic) 
feedback value, which requires extra receiver module 
to process the load related feedback and to determine 
the maximum transmit power of femtocell user. In 
addition, this feedback fashion accounts for an extra 
path delay as MBS requires the help of Operation 
Administration and Maintenance (OAM) and 
femtocell manager. Estimation of indoor and outdoor 
path delay is not considered in [16]. To deal with the 
above demarcations, this paper suggest  a Release 11 
based Maximum Transmit Power Control (R-11 
based MTPC) which conditions the power  of co-
channel femtocell users with the aid of novel release 
11 based direct feedback signaling interface. On 
adopting such signaling interface between MBS and 
FBS, FBS directly receives the allowable maximum 
transmit power of femtocell user rather than load 
margin value of MBS in the feedback. Thus receiver 
module of the proposed R-11 based MTPC approach 
is not as complex as the OAM aided power control 
approach. Subsequently on feedback reception, 
maximum transmit power of the femtocell user are 
conditioned so as to protect the edge macrocell user 
from co-channel interference. 
 
The proposed approach has typical features like 
accurate power-level based feedback with minimal 
feedback delay, low receiver module complexity and 

adaptive power conditioning at all discrete time 
instant.  In addition, R-11 based MTPC approach is 
compatible with the existing cellular networks, as it 
does not enforce any non-standard operations. 
Convergence of the system is not affected, as the 
instantaneous feedback strategy is considered and its 
delay is examined in system modeling. 
 
The rest of this paper is organized as follow. Section 
II presents a brief overview on co-channel 
interference, network scenario and Release 11 based 
Maximum Transmit Power Control (R-11 based 
MTPC). Section III depicts the system model for 
power conditioning, while section IV evaluates the 
numerical and simulation results. Section V sets the 
conclusion.  
  
II. AN INTERFERENCE SCENARIO  
 
This section drafts out the co-channel interference 
concept along with the scenario considered in this 
paper and the contribution of the proposal approach 
for the existing limitations.   
 

 
 
A.  Overview on co-channel Interference:  
Frequency reuse is a phenomenon in which same set 
of frequency is allocated to two users who are 
geographically apart from each other. LTE cellular 
network adopts frequency reuse, to improve spectrum 
efficiency.  Even though frequency reuse improves 
network capacity, it pays a penalty in terms of co-
channel interference due to mobility of the user.  If 
two co-channels deployed users are under same 
spatial vicinity, these users will undergo co-channel 
interference based on their power level. The co-
channel deployed user operating at higher power will 
degrade the radio link quality of user operating at 
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lower power.  High power users are referred as 
aggressors and low power users are referred as 
victims. 
 
B.   Scenario:  
Figure 1 illustrates the following scenario. As a 
macrocell user  move away from  his  associated base 
station, he will experience service degradation.  This 
edge  macrocell  user with poor radio link  may come  
into  the coverage of  co-channel deployed  femtocell. 
Beside this, the femtocell users adopt stronger 
transmit power in their coverage, to ameliorate the 
received SINR. Stronger transmit power of the 
femtocell user will introduce co-channel interference 
(unintentional signal) to the edge macrocell user who 
is already surviving under weak radio link.     
 
Axiomatically, as femtocell plays only a 
supplementary role in macrocell network, it should 
not disturb the ongoing transmission of macrocell 
user.  Therefore, to protect the macrocell’s service 
quality against co-channel interference, femtocell 
user should condition its maximum transmit power 
based on prevailing network condition.  This network 
adaptive-power conditioning can be made active and 
instantaneous by enabling feedback between 
macrocell and femtocell.   
 
Based on 3GPP LTE release 11’s feedback strategy, 
MBS feedbacks FBS-the maximum transmit power 
allowed on the uplink carrier frequency of a 
femtocell. This feedback strategy enables minimal 
signaling interface between MBS and FBS. On 
processing the prescribed power level, femtocell will 
determine and condition the femtocell user’s 
transmitting power. This way of power adaptation 
will avoid cross tier interference between macro- and 
femtocell users thereby allowing co-existence of both 
tier users under same spatial vicinity.   
  
C.  R-11 based MTPC approach:  
The non-associated macrocell user could be protected 
from co-channel interference, if the femtocells are 
capable of controlling and optimizing their power 
based on the network knowledge. Interference 
management technique proposed in [16] is depicted 
in figure 2(a), which utilizes the feedback strategy 
available in existing wired network. When FBS is 
powered on, it scans the network and subscribes to 
the associated MBS. The FBS also requests the MBS 
for load margin level as feedback before initializing 
its communication. MBS often signals its load margin 
level to its OAM server which is in-charge of 
controlling the network traffic. OAM forwards the 
macrocell load margin to femtocell manager which in 
turn forwards it to the subscribed FBS. This standard 
logical interface between MBS and OAM is adapted 
in existing work to afford overlaid co-channel 
deployed macrocell-femtocell communication.  As in 
figure 2(b), the proposed feedback approach uses the 

direct signaling interface between MBS and FBS, 
where the aid from OAM is not exploited. As well, 
this feedback value directly entails the allowable 
power level of the femtocell users.   
 

 
 
The former approach requires separate module on 
FBS to process the received load margin value into 
allowable transmit power of femtocell user.  Also this 
feedback method appends huge feedback delay due to 
extra path which are being taken from MBS to OAM 
and then to FBS.  The latter feedback approach needs 
simple receiver module, less feedback processing 
time and negligible feedback delay between MBS and 
FBS.  
  
III. SYSTEM MODEL  
 
This section outlines the network architecture, 
formulates the femtouser power conditioning strategy 
and elaborates the system model.   
 
A.  Network Architecture:  
The network architecture has 7 randomly deployed  
femtocells per macrocell  in a suburban area, where 
each femtocell accommodates 2 registered  femtocell 
users. This model follows the LTE’s resource block 
allocation. Macrocell splits the available 20MHz 
bandwidth into many resource blocks, where each 
resource block comprises of 12 subcarriers with a 15 
KHz spacing each. Later macrocell assigns this 
resource block to the subscribed femtocells and to the 
macrocell users. There is a chance of assigning same 
resource to a macrocell user and to a femtocell that 
are geographically apart under the same coverage 
span. This way of frequency reuse introduces the 
thread for co-channel interference. MBS and FBS use 
orthogonal frequency division multiple access 
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(OFDMA) to downlink the signal and single carrier-
frequency division multiple access (SC-FDMA) is 
adopted for both macro- and femtocell user’s uplink. 
Macrocell broadcast the allowable maximum transmit 
power value by using the available privilege in 
release 11’s system block information [18]. Femtocell 
overhear this over-air feedback, updates the former 
feedback value and conditions the maximum transmit 
power of its user.  Also feedback processing requires 
only simple receiver module when compared to 
previous approach.  
 
B.  Formulation of power control approach:  

 
 

 
 

 
 

 
Thus to model this two different path loss, indoor 
path loss strategy [20] and COST Hata path loss 

strategy are adopted.  With a consideration of 
common construction materials, indoor path loss 
associated within a femtocell of 10 meter coverage 
and 2.4 GHz carrier frequency is 81 dB. The outdoor 
path loss value is 200.9545 dB based on COST Hata 
strategy.  Hence the total path loss turns out as 
281.9545 dB. Path loss value is assumed as 
deterministic, as it is analyzed between stationary 
FBS and MBS.  Thus on dropping the path loss value, 
the received power becomes  

 
The Z-transform is an important tool in analyzing 
discrete-time system with delay component. It 
transforms unit delay into analyzable discrete block 
set. It also converts the differential equation into 
algebraic equation, thereby simplifying the analysis 
of discrete time system.   
 On applying Z-transform to equation (4), we have  

 
The controller C conditions the allowable power at all 
time instances based on the power-level feedback 
value.    
  
IV. PERFORMANCE ANALYSIS  
 
In this section, R-11 based MTPC approach is studied 
in comparison with OAM aided power control 
approach. Performances are examined using Matlab 
tool. Realistic scenario is considered, where the edge 
macrocell user co-exists with co-channel deployed 
femtocell. Unplanned, secondary service provider - 
femtocells, when deployed in more number, may 
degrade the received signal quality of primary 
macrocell. Further when transmit power of femtocell 
attain maximum, interference caused by femtocell 
user becomes outrageous. 

 
TABLE I 

SIMULATION PARAMETERS 
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As shown in figure 3, the OAM based power control 
approach have more noise power than that of the 
transmit power, whereas the proposed approach 
receives comparatively less noise power. Hence, R-11 
based MTPC approach allows the co-existence of 
macro- and femtocell user with significantly less 
interference than the existing approach. This featured 
interference-less power control approach improves 
the macrocell users received SINR.  Direct signaling 
interface between MBS and FBS joins hand with the 
proposed power conditioning approach for a timely 
reception of feedback signal. As the R-11 based 
feedback value directly postulates the allowable 
maximum transmit power of femtocell, receiver end 
will instantaneously condition its power without 
processing the feedback. Thus necessity of feedback 
processing module at the FBS is avoided. Moreover, 
the delay incorporated due to extra path to and from 
OAM server is completed avoided with the aid of 
release 11 signaling interface.   
 

 
 
The simulated curves in figure 4 depict the feedback 
delay associated with the release 11 based and OAM 
based feedback strategy. Feedback delay associated 
with proposed feedback strategy is 20 microseconds 

less than the existing one. Thus with R-11 based 
feedback strategy, the feedback to FBS will reach 20 
microseconds earlier. This implies an instantaneous 
and adoptive power control, thereby helping in better 
convergence of the system.   
 

 
 
When same set of frequency is shared by more 
number of macro- and femtocell users or when the 
transmit power of femtocell user degrades the 
performance of edge non-associated macrocell user or 
when the total load of the macrocell exceeds the 
threshold value, there is an obvious outage 
probability scenario and poor throughput.  Figure 5 
show the outage probability of proposed and existing 
approach for 500 femtocell users/macrocell (i.e.  
5users /femtocell).   
 
With the increase in femtocell user, the outage 
probability of the proposed approach is significantly 
much better than the existing approach.  For the 
maximum of 500 users, outage probability of the R-
11 based MTPC approach is observed as 0.013. On 
the other hand, for the same number of users, the 
outage probability for OAM based power control 
approach is around 0.17 which implies the poor 
service quality than that of proposed approach.  
Evidently, the throughput of the R-11 based MTPC 
approach will be much better than the existing  OAM 
based power control approach.   
  
CONCLUSION  
 
A macrocell user has got dominant anteriority in 
accessing the network so as to improve its quality-of- 
service (QoS) performance. To experience superior 
QoS, each macrocell user must maintain required 
SINR at all times. On the other hand, femtocell users 
are allowed to exploit residual network capacity for 
their own communications. Thus both macro- and 
femtocell users will substantially maximize their 
transmit power to uphold their SINR.  This nature of 
network users will end up in incurring higher degree 
of interference. This paper has proposed an 
interference avoidance approach called R-11 based 
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MTPC for overlaid femtocell network. This approach 
protects the edge deployed macrocell user from co-
channel interferences caused by femtocell. Simulation 
result shows that the proposed approach can avoid 
interference by conditioning the maximum transmit 
power of mushrooming femtocell users.  Moreover, 
R-11 based MTPC approach ensures instantaneous 
power conditioning with minimal feedback delay, 
improved SINR, significant outage probability. 
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