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Abstract @

In Heterogeneous Network (HetNet), the small bas jor» suchgas cells are
deployed in indoor and multiple business complexes in exten overage and
capacity. The deployment of co-channel (i.e. shargeyCharnnel) forWells along with
macrocell induces the severe interference issues. '® beca Nﬁ( ects on SINR and
thereby capacity become deteriorated. Therefore, this"paper i:\iﬁ ates the interference
mitigation techniques and come out with a pr | to im the Signal to Interference
Noise Ratio (SINR) performance as well total capac Heterogeneous Network

(HetNet).The simulation results show %3\ ac%capacity IS maximized than the
0\

existing technique. &

Keywords: HeterogeneoQ@'k, I,Tl% OFDMA, Interference, Biogeography-
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1. Introduction.ﬁ

Nowadays, follg the | nced the Long Term Evolution—Advanced LTE-A
i (he bandwidthtlp to 1.5Gbps for downlink and 500Mbps for uplink
erefzé HetNet adopted the femtocells (HeNodeBs) to extend the

capacity in ndéor. Ho , due to the sharing the channel between HeNodeBs and the
macro-eNodeB face(a nterferences. There are two types of interference are mainly
cross-tier and ie¥ interference on the uplink and downlink communications
respectively. T@erference mainly happened in OFDMA resources. The OFDMA
system I is'Shown in Figurel, where, the total process of resource allocation from
OFDM%%itter to receiver is highlighted [1].
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Figure 1. The System Model of OFDMA
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In OFDMA system resource allocation, the subcarriers are divided into Resource
Blocks (RBs) which empower the system to be capable of arranging the data across
standard numbers of subcarriers compartment wise. RBs are comprised of 12 subcarriers,
one slot in the time frame irrespective of the general LTE-A HeNodeB signal bandwidth
[2-6] (see in Figure 2.). Furthermore, the sub-frames are assembled in 10 ms radio frames,
which hold two 5ms halves containing the signals essential to acquire the physical identity
of the cell.
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O Figure 2. OFDMA Resource Frame in Downlink

%erefore, the OFDMA subcarrier are needed to allocate by reusing the resources to
mitigate cross-tier interferences as well as co-tier interference [7-10].

The rest of the paper is structured as: Section 2 provides the architectural description of
HetNets. After that, Section 3 investigates the interferences and its related works. The
SINR is formulized in Section 4. This is followed by the discussion of the Biography
algorithm to allocate the subcarriers in OFDMA in Section 5. Finally, the results are
discussed in Section 6 which is followed by the conclusion in section 7.
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2. Architecture of Heterogeneous Network

The HetNet mainly multimodal, multi-access network, which comprise with HeNodeB,
pico-eNodeB, radio heads and macro-eNodeB. Recent attractions of LTE and LTE-A in
HetNet due to higher capacity and interoperability with backward-compatibility. The
HetNet architecture for LTE-A is depicted in Figure3, where the HeNodeBs are connected
with macro-eNodeB network via SI/MME interface and residential gateway.
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In HetNet, LTE;A&With v'(?r%es enactment desires that be certain of physical

layer technologie as OFDIVRAY Multiple-Input Multiple-Output (MIMO) systems,
and Smart A@ for 3 plishing. The efficiency is enhanced with the
implement Carri ggregation (CA), though CA execution may limit to
downlink | as u&rriers. The deployment of TV-White Physical Resource
Blocks (PRBs) may ine to FDD as well as TDD. This may performs better to
achieve higher S total capacity.

In PHY layer -A, a Cyclic Prefix (CP) is introduced which is put in preceding to

each of the O A symbols. In TDD, the CP addition to the symbols may useful to

mitigate NﬁDFDMA-symbol-interference. On the other hand, the data rate as well as

i e deteriorated if the CP length is too long. Therefore, the CP length also

ed to 4.7 ps. This enables the system to accommodate path variations of up to

ith the symbol length in LTE set to 66.7 us [4]. The operation features of LTE-A
A for HeNodeBs are listed in Table 1.

Table 1. LTE-A Henodeb Operation Specification

Description Specification
Spectrum Licensed (Operator assigned)
Frequency band 1800MHz, 2.6 GHz

20 MHz per Component Carrier(CC)
System Bandwidths 100MHz (Carrier Aggregation)
73Mbps
Data rate 1.5 Gbps (DL)
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Power 10mW to 100mW
Ranges 20m to 30m
OFDMA for Downlink
PHY layer SC-FDMA for Uplink
Multiple subcarriers
Connectivity IP connectivity
Dedicated control channel
Mac Layer
Spectrum scheduling
Application Voice, video and Data
Phase offset tolerance 1us
Phase skew tolerance 16 ppb ( parts per billion)
CP length 4.7 us

In OFDMA the subcarriers are separated with Resource Blocks (RBs) which enable the
system to be accomplished of spacing out the data across standard subcarriers sI -wise.
As the RBs are comprised of 12 subcarriers, LTE/LTE-A signal bandwidths

various numbers of RBs. Once the signal is interrupted in subcarriers of the
interference occurred. This is because, the inference of a transmissio has a
continuous power level and a very high peak to average fatio Wherea odeB has
the lower power transmission which is an absolute diff e in trans wer. Due to
this imprecise power, the interferences occurred in \/
3. Related Works

To mitigate interference, researcher h effort by@posing several techniques
such as power allocation, cognitive base trum tion, and frequency reuse. The
power allocation technique has bee ose ylng the interference feedback
based power allocation in uplin It ca en that, the scheme has limited

throughput due to the power allo n and o if*the number of Users (UES) increases
nearby/ in HeNodeB cove en the §Q@mterference in OFDMA. Among other
technique, a distributed i ference n technique has proposed by applying the
frequency reuse in or nsure th lity of Service (QoS) [11]. The investigation
suggests that, sch were a d multipath channel fading and Nakagami fading to
achieve the impr tage nthhigher spectral efficacy. Moreover, fixed threshold

3 smission/redeption were used to detect the unoccupied spectrums and
the victim MUE applies the threshold and also allowing to
to reuse spectrum. A game theory based interference
roposed which is mainly energy based and uses the handover
supported protoc ( see in Figure4). The interference has reduced by the mutual aid
to lessen ener sumption which targets to improve channel state as well as increase

system ¢ ity. ‘However, by using the power allocation can be reduced up to certain
level w in practical this would be impossible to manage the power allocation

dynab' on demand.

other HeNs (int
mitigation techniqu
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Figure 4. Mutual Handover Based Power Allocation [12] \/’

However, this paper presents the dynamic subcarrier allocation to itigate the
interference. To allocate subcarriers dynamically, SINR model |s form oreover,
the subcarrier allocation problem is derived in order to m e he t

4. System Model O x

The association of the j" HeNodeB an i' HUES |Ea tNet, considering the

interference in downlink the victim HU R w re interfered by another

HeNodeBs is presented in Eq.1. Q)

= - — )
™ -;"1 in |” . in 2
E- % %&inr_z hin—lz ps + ﬂf 7
Applying the Shannon’s 01ty law , We get the CapaCIty in Eq.2.
rir 9, | Wl d
2 )
Q Jrnr[ hji‘. 1-"" + Ef*‘El Int.z l:v"‘ p;l;’. + ﬁf UE»‘
So, the fitne oblem ubcarrlers can be signified in Eq.3.
&gm ) =33 o0, [iog, 1.+ 1539 ®
i s=1
The ch%el del is represented in Eq.4
LS i |2 4 n(—Lid+Le) /10
Cj'ﬁ,.'i' = .Ir:;:g 10 . (4)

-loss model is considered as the type of links in between HUE and HeNodeB
-14]. Taking in consideration of co-tier interference in downlink between HUE
eNodeB

5. Proposed Biogeography-based Dynamic Subcarrier Allocation

Due to the co-tier interference in OFDMA, the subcarrier allocation is needful to avoid
the interference in downlink. Therefore, biogeography-based optimization algorithm is
enhanced to search the idle subcarrier and thereby share the subcarriers to the adjacent
HeNodeBs. This is to improve the SINR performance which ultimately effects the total
capacity maximization in HetNet. Hence, the biogeography-based optimization algorithm
procedures and the functionalities are listed below to allocate the subcarriers:
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1) Firstly it generates a group of Z" subcarrier allocation program as population.

2) Evaluates the fitness of the subcarrier by applying the biogeography immigration
with the relation of emigrants and the immigration rates.

3) Detect the idle subcarriers among the adjacent HeNodeBs (i.e. pool),

4) Create the offspring subcarriers, encode and mutate the crossover subcarriers.

5) Estimates the condition of subcarrier fitness by apply the Eq.5.

fitness (2) = {ﬂrmxsm::zg (920" }} (5)
6) Share the subcarriers among the HeNodeBs to allocate subcarriers to the HUES in

HetNet in order to improve the SINR and the total capacity.
7) Start the process of re-generation and follow the step 1 to 6.

6. Result and Discussion

In order to analyze the performance of the proposed biogeography based
allocation, the SINR and the total capacity is considered as the performance m
performance is evaluated using the developed LTE-A simulator. Tlie i
parameters are described in Table 2.

Table 2. LTE-A Henodeb Operaﬂ@ﬁm\}@

Description \ ) S fon

Frequency band
No. of HeNodeB: Q
MHz

System Ban
No. of sub% 720
Distance between Nod 20m
macro-e mlssmn 46 dBm
Transmlﬁ‘ er f0f deB 23dBm
exterfial wal 10dB
ernal W&& 0dB
rmal najse f¥ctor 62 -174 Bm/Hz

orrelation 0.7dB
r f MUE 50

enetration loss 5dB
@ponen‘c factor a 3

For the sm&@]eavy traffic loaded network is considered in to estimate the

performance. ulation results at first the network scenario is generated as it is

o
Q
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Figure 6. Users SIINR Performance
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Figure 7. Total Capacity vs. SINR

The cumulative distribution for the SINR is presente i re 6 an otal capacity
is evaluated in result Figure7. The SINR evaluat| N ggests the number of
HUEs is increases then also the achieved SINR |r bet Ms indicates that, the
subcarrier sharing with other HeNodeBs and tf Iocatlo% UEs are efficient.
Thereby, the performance effect can be notic m the ced total capacity. In our
case, we were able to achieve the total ga p to 6.9N z if the SINR is 20dB. In
contrast, in low SINR (i.e. 0 dB, 5 dB @Q in 10 the capacity gained to 3 bps/Hz
to 5.4 bps/Hz. So, the proposed al is b@rms of SINR and total capacity

than the existing methods.

7. Conclusion A \6

ith the investigation of LTE-A HetNets architecture,
icular interference challenges in HetNets. After analysis, it has
bas ic subcarrier allocation algorithm. It is suggested
e Iocatlon%e of the efficient technique in order to enhance the
efficiency @ga’ung interference. It is determined that, the proposed
algorithm i ved th apacity as well as the SINR performance. Due to the fading
condition, the SIN he severe outage rate which effects the total performance in a
network. How@ an be seen that, the proposed mechanism is improved and more

This study is carrie
related researches, i
proposed a bioge
that, the su

proficient in te total capacity and SINR in LTE-A HetNets. The uplink interference
can be caqild outfor the future recommendation.
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