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Abstract 

Interference has been major issue in the heterogeneous 

Networks in LTE-A. The various network elements like 

macro-cells, pico-cell and Femto-cells are deployed to provide 

the wide range of the infra-structure. Thus, due to this 

heterogeneous deployment, need for the interference 

mitigation technique is required. In this work, ABSF has been 

studied and results have shown that its strategic 

implementation can improve the interference in HetNets and 

its effectiveness in different scenarios has been compared. In 

our proposed work, we have presented comparison of the 

various scheduling algorithms like Proportional Fair, Best 

CQI Scheduler and its effect in ABSF implementation. Thus, 

their spectral efficiency has been compared. 

Keywords: Interference, HetNets, CQI, spectral 

efficiency,ABSF 

 

INTRODUCTION 

A heterogeneous network (HetNet) framework is known as 

one of optimum solutions to achieve very high rates in LTE-

Advanced. A HetNet is a heterogeneous multi-network that 

consists many nodes. UEs,etc. different features, capabilities, 

and targets. These nodes are distributed along the wide 

infrastructure of the area of a macro-cell, and are allocated the 

same licensed spectrum allocated to the macro-cell, optimize 

the area latency and efficiency of the network. 

Examples of these network nodes are femto-cells, pico-cells, 

relays, and remote radio heads (RRHs). The HetNet 

comprised of macro-cell and femto-cells. 

Interference is the most disturbing element in deploying the 

networks. a basic feature for them, and hence the femto-cells 

will be a source of strong and unpredictable interference. 

ABSF is one of the proposed time domain techniques in the 

eICIC framework. In this paper, we have studied the overall 

structure and infrastructure based on ABSF to reduce the 

overall intercessions and congestions between the various 

node users and coverage area. We have studied the overall 

consequences of ABSF in different scheduling algorithms. 

Various scenarios have been studied under various influences. 

It is proposed to increase the network performance through 

the throughput improvement that improves the overall 

performance of the network. 

 

INTERFERENCE IN LTE-NETWORKS 

The simultaneous use of the same spectrum between different 

cell layers that run on different values of transmit power 

creates interference that will become more severe compared to 

homogeneous networks. For pico cells the interference does 

not create coverage hole due to open access to all UEs. 

The situation is different for femto cell due to being equipped 

with the CSG feature that results into new and severe 

interference conditions.. There are two scenarios that create 

severe interference when macro UE (MUE) does not belong to 

femto cell CSG and being close to it Since MUE is power 

controlled by the macro cell, MUE will cause likely strong 

bursty interference to femto cell.  

 

OVERVIEW OF e-ICIC TECHNIQUES 

The eICIC techniques provide coordination in inter-cellular 

environment on the macro-femto deployment. The first 

solution is power control in which the HeNB adjust its 

transmission power to avoid interference to other. The second 
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frequency-domain solution uses orthogonal bandwidth for 

control signaling. The last one is time-domain solution by 

stopping use some sub-frames the interfering node can reduce 

its downlink interference to the users. In power control 

approach, the power allocation can be determined based on 

some strategies such as the strongest receiving power of 

MeNB at the Femto, the pathloss between Femto base station 

and macro user MUE, the objective SINR of HUE, and the 

objective SINR of MUE. In frequency-domain solution, 

reduced bandwidth for control channels and physical signal, 

such that the control channels and physical signals can be 

totally orthogonal to those in another layer. 

 

Figure 1: Downlink and Uplink Facilitation in Macrocell 

 

In time-domain solution, some sub-frames called Almost 

Blank Sub-Frames (ABSFs) are muted at the interfering 

HeNBs, then the MeNB can schedule its downlink to the 

victim MUE in order to recover the signal quality of its user. 

The use of ABSF can help MUE recover its performance due 

to the strong downlink interference of HeNBs, in another side, 

the performance of the FUE serving by the interfering HeNB 

is reduced. Hence, the selection of number of sub-frames and 

which and when HeNB should start to mute are crucial in 

eICIC ABSF approach. 

The key to achieve the desired latency and minimum 

interferences lies in the various mitigation strategies that is 

intelligent enough to optimize the power requirements 

bandwidth required for that particular applications. For 

scheduling based on OFDMA, it balances maximum 

throughput and fairness by scheduling time slots, sub-

channels, modulation scheme and power with frequency 

diversity and multiuser diversity 

Frequency diversity can be defined to distribute the time and 

frequency domain parameters to optimize the band allocation 

and frequency, due to shadowing, fast fading, multipath and 

so on. 

In a similar way, multiuser diversity is obtained by 

opportunistic user scheduling, since different users locate 

different places leading to different channel gains of an 

identical sub-channel for different users. By analyzing CSI, 

base station recognizes variation of time, frequency, space and 

adjusts scheduling to keep optimal performance. Based on the 

architecture, for those UEs that have dual connectivity, the 

MeNB needs to decide how many downlink data that those 

UEs can receive from the connected SeNBs. While 

scheduling, if the MeNB arbitrarily transfers UEs’ downlink 

This technique can smooth out interference in this case, but it 

also decreases capacity at serving femto cell and increases 

interference to the neighboring cells. In case the MUE is 

closer to femto cell that the UE that is served by femto cell, 

noise padding cannot solve the problem and the UE served by 

femto cell would experience outage. 

 

ABSF PATTERN 

In our model for the resource partitioning between normal 

MUEs and VMUEs, the resources are partitioned in two 

stages. In the first stage all the MUEs of the macro-cell form 

two coalitions, one for the normal MUEs and the other for the 

VMUEs. the partitioning of resources again and hence the 

reduction of the blanking rate associated to each HIA. In this 

stage of resource partitioning, each coalition is assigned a part 

of the ABSF amount. 

There may be a resource partition that is shared partially or 

completely between two coalitions, and thus the new resource 

partitions in the second level of bargaining may be 

overlapping. Hence Reduced ABSF Pattern associated with an 

offset to guarantee that the effective blanking rate seen by the 

macro-cell is the optimal and fair blanking rate decided in the 

first stage of bargaining. 

An algorithm is proposed to select dynamically optimal 

ABSFs for each HeNB, and to group the interfering HeNB 

into coalition in order to decide which and where subframes 

should be muted by the interfering HeNB in each coalition. 

The muted rate at each HeNB is selected as minimum as 

possible to enhance the performance of the femto-cell UE 

users while satisfies the QoS of the macro users. The proposed 

algorithm firstly determine the required muted rate for each 

VMUE via ABSF selection mechanism. By applying the 

second mechanism called Interfering HeNBs Coaliation, the 

aggressor HeNBs are grouped into coalition, each aggressor 

HeNB with a different muted rate and time slot has to stop 

their transmission on time. 

When the HeNB is marked as an aggressor HeNB, it will 

limitdeselecting some sub-frames to limit its interference to 

the victim MUE. Then the SINR m at link Lm between the 

MeNB and the macro user MUE m 

 

where  is the muted rate required for macro user m during 

one radio frame . Our objectives are to find the muted rate  to 

satisfy the required minimum SINR of the victim MUE. 
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Minimize                   

 

Subjected to   A 

 

 

RESULTS & DISCUSSION 

In our work, we have considered the simulation of the 

Heterogeneous Networks. We have considered Macro/Femto 

Scenario to calculate the number of sub-frame to be blanked 

for given scenario in order to minimize the interference in 

such scenarios. ABSF Technique is used for blanking the sub-

frames caused by the Femto- cells to users. 

 

Table I. Simulation Parameters 

Carrier Frequency 2.14 GHz 

System Bandwidth 10MHz 

eNBTx Power 46dBm- 

FemtoTx Power 20dBm 

Scheduler Proportional Fair/ CQI 

Transmission Scheme 2X2 MIMO 

Macroscopic Pathloss Model TS36942 

Inter eNB distance 500m 

Number of RBs 50 

  

The Macro cell transmit the power is considered as  46dBm 

and the deployed Femto cell power is 20dBm. 

.    Proportional fair has been used 

.    path loss model used is TS36942 

.    The transmission scheme used is MIMO 

Table II: Parameters Scenarios 

 

Parameters 

Scenario 1 Scenario 2 Scenario 3 

Macro Cells 2 2 23 

Femto Cells 1per Macro 2per Macro 1per Macro 

Macro UEs 1per Macro 2per Macro 1per Macro 

Femto UEs 1per Femto 2per Femto 1per Femto 

Victim UEs 1 3 10 

No.of ABS 14 18 20 

  

 

Figure 2: spectral efficiency of network with ABSF 

implemented with Proportional fair 

 

Figure 2  is obtained through the simulation parameters as  

Table I. Here, spectral efficiency compared for all three 

scenarios with respect SNR with Proportional Fair being 

implemented 

In case of scenario-1, spectral efficiency 1.5 bits/Hz for less 

than 10dB of power and increase almost linearly after that 

with respect the scenario 2. Similarly, the scenario 2, it starts 

from the efficiency of 1.3 bits/Hz and goes on increasing 

linearly with the SNR (dB).In case scenario 3, spectral 

efficiency constant after attaining a saturation value and does 

not depend on  SNR(dB). Thus, in this case scenario 1 has the 

highest efficiency compared to scenario 2 and scenario 3. 

 

Figure 3: Spectral efficiency of network without ABSF 

implemented with Proportional fair 

 

Figure 3 is obtained through the simulation parameters lies in 

Table I. Here, the spectral efficiency has been compared for 

all three scenarios with respect to SNR with Proportional Fair 

being implemented. 
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In case of scenario-1, spectral efficiency 1.6 bits/Hz for less 

than 11dB of power and goes on increasing after that. 

Similarly, scenario 2, it starts from the efficiency of 1 bits/Hz 

and goes on increasing non-linearly with the SNR (dB).In 

case scenario 3,  spectral efficiency is constant at 2bits/Hz and 

does not depend on  SNR(dB). after 20dB Thus, in this case 

scenario 1 has the highest efficiency compare to scenario 2 

and scenario 3. 

 

Figure 4: Spectral efficiency of network with ABSF 

implemented with Best CQI 

 

Figure 4 is obtained through the simulation parameters in 

Table I. Here, spectral efficiency has been compared for all 

three scenarios with respect to SNR .In case of scenario-1, 

spectral efficiency 3.1 bits/Hz for less than 11dB of power and 

then increase linearly after that. Similarly, scenario 2, it starts 

from the efficiency of 2 bits/Hz and goes on increasing 

exponentially with the SNR (dB).In case scenario 3, the 

spectral efficiency is constant at 2bits/Hz and doesn’t depend 

on the SNR(dB). Thus, in this case scenario 1 has the high 

efficiency compared to scenario 2 and scenario 3. 

 

Figure 5:  Spectral efficiency of network without ABSF 

implemented with Best CQI 

Figure 5 is obtained through the simulation parameters  in 

Table I. Here, spectral efficiency has been compared for all 

three scenarios with respect to SNR. 

In this case, ABSF has not being implemented. In case of 

scenario-1, the spectral efficiency is constant upto14dB,and 

goes on increasing after this. Similarly, the scenario 2, it starts 

from the efficiency of 1 bits/Hz and goes on increasing 

linearly with the SNR (dB).In case scenario 3, the spectral 

starts with 1dB and goes on increasing till 18dB. After this, it 

follows the valley and almost remains constant. Thus, in this 

case scenario 1 has the high efficiency compared to scenario 2 

and scenario 3. The efficiency of the scenario 3 becomes 

constant after a SNR of 22dB. 

We thus have compared the two scheduling along with ABSF 

as: PF, Best CQI with MIMO. We found that spectral 

efficiency is increased with the effect of ABSF rather than 

without ABSF. 

 

CONCLUSION 

In this work, we have presented the detailed comparison of the 

ABSF technique for interference mitigation in various 

scenarios with various scheduling algorithm. The results have 

shown that ABSF tends to increase the spectral efficiency of 

the system in various scenarios. It has been shown that CQI 

algorithm outperforms the PF algorithms in implementing the 

ABSF. Efficiency has been increased and performs better in 

lesser SNR as well. 

 

REFERENCES 

[1]. A. Barbieri, A. Damnjanovic, T. Ji, J. Montojo, Y. Wei, 

D. Malladi, O. Song, and G. Horn, “LTE Femtocells: 

System Design and Performance Analysis,” IEEE J. 

Sel. Areas Commun. vol. 30, no. 3, pp. 586-594, Apr. 

2012 

[2]. A. Ghosh, J. Zhang, J. Andrews, and R. Muhamed, 

Fundamentals of LTE, 1st ed. Prentice Hall, 2011, p. 

464. 

[3]. A. Ghosh, R. Ratasuk, Essentials of LTE and LTE-A, 

1st ed. Cambridge University Press, 2011, p. 492. 

[4]. A. Ghosh, R. Ratasuk, B. Mondal, N. Mangalvedhe, T. 

Thomas, Motorola Inc, “LTE-Advanced: next 

generation braodband technology”, IEEE Wireless 

Communications, vol. 17, issue 3, pp. 10-22, 2010. 

[5]. A. G. Derneryd, ”A Theoretical Investigation of the 

Rectangular Microstrip Antenna Element, ”IEEE 

Trans. Antenna Propagat., Vol. AP-26, No. 4, pp532- 

535, July1978 

[6]. ChrysovalantisKosta, Bernard Hunt, Atta UI Quddus, 

and RahimTafazolli, Member, IEEE (2013) “On 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 14 (2017) pp. 4694-4698 

© Research India Publications.  http://www.ripublication.com 

4698 

Interference Avoidance Through Inter-Cell Interference 

Coordination(ICIC) Based on OFDMA Mobile 

Systems.” IEEE Communications Surveys &Tutorials 

,Vol. 15, No.3. 

[7]. C. A. Balanis, Advanced Engineering 

Electromagnetics, John Wiley & Sons, New York, 

1989 

[8]. Damnjanovic, J. Montojo, Y. Wei, T. Ji, T. Luo, M. 

Vajapeyam, T. Yoo, O. Song and D. Malladi, 

Qualcomm Inc, "A survey on 3GPP Heterogeneous 

Networks", IEEE Wireless Communications, vol. 18, 

no. 3, pp.10 - 21, 2011. 

[9]. Ericsson “Ericsson Mobility Reports” November 2012, 

June 2013. 

[10]. Freescale semiconductor "Long Term Evolution 

Protocol Overview" white paper, October 2008. 

[11]. F. Akyildiz, D. M. Gutierrez-Estevez, and E. C. Reyes, 

"The Evolution to 4G Cellular Systems: LTE-

Advanced," Physical Communications (Elsevier) 

Journal, vol. 3, no. 4, pp. 217-244, December 2010. 

[12]. Michal Cierny, Student Member (October 2013), “ On 

Number of Almost Blank Subframes in Heterogeneous 

Cellular Networks” IEEE, Transactions on Wireless 

Communications, Vol.12, No.10. 

[13]. I. J Bahl and P Bhartia, Microstrip Antenna, Artech 

House, Dedham. M. A, 1980. 

[14]. K. R. Carver and J. W. Mink, ”Microstrip Antenna 

Technology, ”IEEE Trans. Antenna Propagat., Vol. 

AP-29, No. 1, pp2-24, Jan 1981. 

[15]. K.S. Albaden, “Inter-Cell interference mitigation in 

LTE-Advanced HetNets: A comprehensive study”, 

Technical Project Report, Carleton University, 2014. 

[16]. Mary Grace Shajan and Patel Khushbu V, “minimizing 

Interference by Indoor-Cell of 4G LTE Network”, Fifth 

International Conference on Communicaion Systems 

and Network Technologies (CSNT).April 2015. 

[17]. M. I. Kamel and K. F. Elsayed, "ABSF Offsetting and 

Optimal Resource Partitioning for eICIC in LTE-

Advanced: Proposal and Analysis using a Nash 

Bargaining Approach," Proceedings of IEEE ICC 2013, 

Budapest, Hungary. 

[18]. Mahmoud I. Kamel and Khaled M. F. Elsayed 

(2013),”Enhanced ABSF Offsetting with Virtual 

Arbitrary Blanking Rate for Time Domain eICIC in 

LTE-Advanced”, :IEEE Communications (ICC) 

,pp6240 – 6244, IEEE International Conference on 9-

13 June 2013. 

[19]. Qualcomm Incorporated, “LTE Advanced: 

Heterogeneous networks,” White Pper, Jan. 2011 

[20]. Supratim Deb, PantelisMongiodus, Member IEEE, 

Jerry Miemrk(Feb 2014) ,” Algorithms for Enhanced 

Inter-cell Interfernce Coordination (eICIC) in LTE 

HetNets”, IEEE/ACM Transcations on networking 

,Vol 22, No 1, pp137-150 

[21]. S. Ahmadi, LTE-Advanced a practical systems 

approach to understanding the 3GPP LTE releases 10 

and 11 radio access technologies, Elsevier Inc, 2014, p. 

1116. 

[22]. S. Naga SekharKshatriya, Sunil Kaimalettu, 

Sivakishore Reddy Yerrapareddy, KluttoMilleth, 

NadeemAkhtar (2013),“On Interference Management 

based on Subframe Blanking in Heterogeneous LTE 

Networks”, IEEE Communication Systems and 

Networks (COMSNETS), pp1-7, Fifth International 

Conference On7-10 Jan. 2013 

[23]. T. A. Milligan, Modern Antenna Design, McGraw-Hill 

Book Co., New York, 1985 

tel:6240%20-%206244

