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Background. The appearance of femtocells in LTE networks has provided indoor coverage and overcome large data flows
for operators. However, strong interference occurs in neighbouring femtocell users due to the limited available spectrum in
cellular networks that transmit data in the same radio range. In densely deployed environments, interference issues in single-
channel femtocells cause significant performance degradation. In this study, we mitigate inter-cell interference in femtocell
networks by combining femtocells as a result of common interference and soft frequency reuse in downlink and uplink by
moving and exchanging interfering physical blocks.

Objective. The purpose of the paper is to improve the efficiency of ensuring the quality of services in wireless networks by
reducing any interference due to the distribution of traffic, which is able to provide uninterrupted connection to the user.

Methods. Enabling conditions for inter-cell interference mitigation in LTE-based femtocell networks with soft frequency
reuse.

Results. Interference is a key issue in the deployment of LTE femtocells. Closely located femtocells interfere with each
other if they transmit on the same frequency. Therefore, crossing femtocells and enabling them to allocate resources and reuse
soft frequencies effectively reduces interference and prevents the loss of network resources. The scheme is triggered whenever
the user's femto equipment experiences strong interference from neighbouring femtocells. By assigning a separate set of
physical resource blocks to users at the edge of the cell, our scheme significantly reduces interference, which automatically
increases cell throughput. The simulation results show the advantages of applying our scheme, in particular, the interference of
the user's femto-equipment is reduced by 14% and the throughput is improved by 25%. That is, we observe a significant
improvement in the performance of femtocells.

Conclusions. A femtocell crossing scheme with soft frequency reuse is presented to reduce interference between femtocells
of LTE networks, which allows effectively ensuring the quality of service transmission in wireless networks by reducing
interference and increasing performance through traffic distribution.

Keywords: 4G, capacity, coverage; LTE, network planning; reuse of soft frequencies.

Introduction femtocells are installed in the places of the greatest
concentration of subscribers. Small cells, due to the
small area of coverage, allow significantly improving
the system spectral efficiency, as well as to relieve the
burden of macro coverage.

LTE cellular communication technologies require a
huge frequency band, and therefore the spread of these
technologies is held back by a shortage of free radio
spectrum [1]. One of the solutions for building next-
generation mobile communication networks is the
transition to small cells (microcells, pico- and
femtocells), which are base stations with a limited range
of action and which are installed to expand the coverage
area of macro-level base stations. Having a short
transmission range, these small cells will allow the use
of frequency reuse technologies for more efficient use
of the available spectrum [2].

A femtocell is a low-power cellular base station that
you can install in your home or office. Used in cases of
uncertain or absent signal from the operator's cell tower,

During the last decades, there has been a rapid
growth in traffic consumption provided by mobile
communication systems. This growth led to the fact that
the physical resources (frequency-time and spatial-
polarization) originally allocated for this connection
and involved in it began to be exhausted. To solve the
problem of further growth in the number of consumers,
new types and structures of signals, methods of saving
the radio frequency spectrum, new schemes of multiple,
multi-station access, finding solutions for the collective
use of resources and equipment were found.

Because next-generation networks should be
designed in such a way as to preserve the existing
network architecture. The concept of heterogeneous
networks is best suited for this, i.e. networks whose
radio access level has several levels of base stations
with different parameters. At the same time, the
existing macro coverage is preserved, and picocells and
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for example, in basements, outside the city, etc. Being
connected to broadband cable Internet, the device
receives a signal from your cell phone and further
communication goes through the Internet channel. A
femtocell works on exactly the same principle as a large
base tower of a cellular operator.

The femtocell of 4G wireless systems generates a
signal for personal mobile equipment and connects it to
the operator's network via the Internet. This allows
improving coverage and bandwidth for each user in the
coverage area of their access point.[3]

Recent studies have predicted that 50% of phone
calls and 70% of data services will take place indoors.
Next-generation systems will feature more intelligent
devices, and the content of their services will require
more network bandwidth than available today.

Bandwidth: Shortening the distance between the
femtocell and the end user leads to a higher signal level,
and femtocells can serve multiple users, they can
allocate more of their resources (transmission power
and bandwidth) to each subscriber. Then fewer users
use the same spectrum resources, which saves more
resources for other users.

The main problem with the deployment of
femtocells is interference with the base station by
macrocells. Other functions of femtocells are also
considered, including resource management, spectrum
allocation management, QoS provisioning through the
Internet transit network, and access to femtocells.
Handover and mobility are also very important aspects
in femtocell networks, as there are different types of
femtocell handover to/from the macrocell.

Fig. 1 shows the deployment of soft frequency reuse
with a reuse factor of A =4. Interference avoidance
refers to frequency reuse algorithms used to deploy
some constraints on transmission power and resource
allocation. The soft frequency reuse scheme divides the
entire cell bandwidth into two parts: cell center
bandwidth is allocated to cell center users, and cell edge
bandwidth is allocated to cell edge users. The main
difference between strict frequency reuse and soft
frequency reuse is that cell center users share allocated
subbands with cell edge users in adjacent cells to
improve  system  performance and  spectrum
efficiency.[4] Bandwidth allocated to the cell edge can
also be used in the lower priority cell center user
equipment if it is not used at the cell edge. Because of
sharing resources between cell-edge and cell-center
users, cell-edge users can use the entire cell-edge sub-
bands. However, the bandwidth reserved for the cell
center is limited for use at the cell edge. This lack of
spectrum at the cell edge can sometimes result in low
bandwidth for user equipment at the cell edge. This is

overcome by distributing the high transmission power
in the cell edge area, thus increasing the signal-to-
interference and noise ratio.
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Fig. 1 Soft frequency reuse with reuse factor A =4

LTE wuplink requirements differ from downlink
requirements for several reasons. [5] The femtocell user
equipment and the macrocell user equipment act as a
source of uplink cross-layer interference for the serving
macrocell base station and the nearest femtocells,
respectively. On the other hand, the serving base station
of the macrocell and femtocell cause cross-layer
downlink interference for the femtocell UEs and the
nearest macrocell UEs, respectively.

A new scheme of a crossing of femtocells with
frequency reuse (CFFR) for the downlink is proposed,
which combines and assigns a separate set of blocks of
physical resources for each femtocell, which creates
interference, and a scheme for exchanging blocks of
physical resources for the uplink, which effectively
mitigates interference between femtocells. CFFR
divides the bandwidth in each cell based on the number
of interfering femto base stations. This flexible
allocation of resources guarantees complete elimination
of inter-cell interference in the downlink. For the
uplink, the physical resource block exchange scheme
swaps the interfering physical resource blocks with
blocks from the interference-free zones. As a result, this
prevents the loss of network resources and the
simulation output shows a significant improvement in
the performance of femtocells.

Downlink line

The values of the signal/interference ratio and the
noise of the user's femto-equipment are negatively
affected by downlink interference from neighboring
cells. This also greatly reduces their bandwidth.
Cells that create obstacles are allocated a separate set of
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blocks of physical resources. Because of this, obstacles
can be mitigated. Two or more femtocells with at least
one active femto-user equipment in their overlapping
area form an association. The proposed CFFR scheme
identifies these associations and allocates a unique set
of blocks of physical resources to each member of the
crossing.

nterference Scenario for upling
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(Cooperative interference
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Fig. 2 Interference in femtocell networks

Fig. 2 shows that the user's macro equipment in the
transmission range of the femtobase station creates
interference in the uplink. Femto equipment of a
neighbouring cell user also causes uplink interference if
the transmission occurs on the same physical resource
block. Also shown in this figure is a downlink
interference scenario in a macrocell-femtocell overlay
network. In the downlink, the user's femto-equipment
experiences interference from neighbouring femto-base
stations and overlapping macro-base stations. Any two
or more clusters can share the same physical resource
blocks. Therefore, there is a need to mitigate
intercellular interference between femtocells.

Fig.3 Combining femtocell interference

Fig. 3 shows interfering femto-base stations that are
combined and form joint interference. So interference
occurs when two or more femto base stations with
overlapping areas transmit using the same physical
resource block. This has a serious negative effect on the
signal-to-interference and noise ratio values for both
femto base stations and femto user equipment.

To mitigate interference between femtocells in the
same channel it is necessary to allocate a separate
filling of the block of physical resources to users on the
edge of the cell of each cell. A block of physical
resources has a time and frequency dimension. In our
system, the bandwidth Bw is divided into N blocks of
physical resources. The power of the signal observed by
the receiver r from the transmitter t on blocks of
physical resources n can be determined as:

Sn= Ty A7 ey

where ALf is the gain of the channel between the
transmitter and the receiver, and T} is the transmission
power on blocks of physical resources.

In the time and frequency domain, macrocells and
femtocells equally use the resources available to them,
so the interference is shared and received by any
receivers.

So, the interference 0y, is determined by:

05 = z T,{”Aff+ZT,{A;’j

ieMy, jEFn

()

where T, denotes the transmission power of the
macro user equipment in the uplink and the
transmission power of the macro base station in the
downlink. Mn and Fn denote the set of interfering

macro and femtobase stations. T,{ denotes the uplink
femto user equipment and the downlink femto base

station transmission power. Similarly, A" is the
channel gain between the femto base station and the
interfering femto user equipment in the uplink and
between the femto user equipment/macro user
equipment and the interfering femto base station in the
downlink. User macro-equipment in the coverage area
of femtocells for closed access systems is exposed to
severe interference from the femto base station in the
downlink, and in the coverage area of the user macro-
equipment, the femto base station exhibits severe
macro-interference in the uplink.

From equations (5.1) and (5.2) it is possible to
determine the signal/interference and noise ratio,
namely:
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SINR!, = (3)

where & — thermal noise on blocks of physical
resources.

Channel bandwidth in LTE is determined by the
modulation and adaptive coding scheme. It is based on
the information available to it about the state of the
channel. To determine the achievable data transfer rate,
we use the theoretical Shannon equation and do not lose
generality.

Tg = Bw.log,(1 + SNR) (4)

where SNR is the signal-to-noise ratio and Bw is the
channel bandwidth. However, the interference factor
between cells is not taken into account in this equation.
So, the bandwidth of the block of physical resources,
equation (4) can be rewritten as follows:

So, the bandwidth of physical resources can be
determined by replacing SNR with SINR and Bw with
Bw_BPR.

Tg, = Bwgpg.log(1 + SINR},) (5)
Therefore, the total bandwidth of the cell can be

expressed from this equation:
Ut Nt

bits
TGtotar = Z Z Tgu,n [T]

u=1n=1

(6)

where Ut is the total number of users of the cell and
Nt is the total number of physical resource blocks
assigned to the users of this cell.

Power control is applied in the uplink at both the
macro and femto levels to provide a realistic model.
The uplink transmission power of the user equipment is
adjusted using the following expression:

. LN\®
T! = min {tpmax,max [tp"”", tp™max (;) ]} (7)

where tp™®and tp™" are the maximum and

minimum transmission power on blocks of physical
resources. The balancing factor w determines how
sharply the transmission power increases with
increasing path losses. The /-percentile path loss value
w defines the critical path loss above which the user
equipment transmits at maximum power.

The channel gain A}" is dependent on the distance
by the losses on the path LW between the transmitter t
and the receiver r on blocks of physical resources » and
is expressed as:

®

—LW
At =10C10)

Losses of femto user equipment or macro user
equipment to the femto base station are defined as:

LW = 15.3 + 37.6 logy, (ﬁ) [dBm] (9)

where a (in meters) is the distance between the
transmitter and the receiver.

Losses of external user macro equipment for
maintenance and macro base station interference

LW =153+ 37.6log,o(a) [ dBm] (10)

Losses of internal user equipment to the macro base
station :
LW =153+ 37.6log,o(a) + LW, [dBm] (11)

where LW, represents penetration losses when

signals pass through walls from the interior to the street
or vice versa.

With the help of mapping, the
femtobase station randomly allocates a
Tl)——T(j)  lockof physical resources for
femtodevices of users

Afemtobase station collects periodic reports from
its user femtodevices

False
If interference > bandwidth '| End

True
The serving femtobase station creates a list of cell IDs of .
interfering neighbors

Maintenance of the femtobase station:

« Divides blocks of physical resources into Q sets,
N={N1,N2,..Nn}
« Creates a set of tokens Tok, selects a token and, deletes a token and from Tok
« Selects a set of physical resource blocks S_i for the outermost cell
« Selects a set of physical resource blocks for the center of the cell using the Reduce the radius of the center of 1
equation the cell |
{{(i+i}mod Q} + 1}, ={0, 1,2, ....(Q - 2)}
« Removes the cell ID from the list
« Sends the updated cell ID, updated Tok-set information, and physical resource
blocks to the neighbor whose cell ID has been removed from the list.
« Assign the radius of the center of the call, allocate blocks of physical resources
in the center of the cell for users of the central cells and blocks of users of the
outer cells . True

False
All femtobase stations of the cluster must perform cluster-

Wit &7t Faaency ouss Ifinterference > bandwidth

Fig. 4 Algorithm of crossing unification for reuse of soft
frequency

The sequence of actions of the CFFR algorithm is
shown in Fig. 4. Each femtocell distributes its physical
resource blocks randomly among its users using a 1-to-
1 matrix mapping. Matrix F contains a list of user
equipment, and Matrix P contains a list of physical
resource blocks.,. This guarantees complete avoidance
of internal interference. In a telecommunications
network, each femto base station collects information
about the current level of interference from its femto
user equipment at a very high frequency. If the user's
femto equipment experiences interference above a
certain threshold, the serving femto base station
exchanges loading information messages over the X2
interface with its neighbours and identifies the cell IDs
of the interfering femto base stations. After defining a
cluster, the serving femto base station divides the block
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of physical resources into N unique sets, S = {SI, S2,
..., SN}, where N is the total number of interfering
femto base stations. Since the PRB is the smallest
resource allocation unit in LTE, it is safe to assume that
there will be enough physical resource blocks to create
N distinct sets. However, CFFR is also applicable given
the available subcarriers. In the next step, the serving
femto base station creates a token set, 7= {1, 2, ...., N},
to ensure that a distinct set of physical resource blocks
is selected by each cluster cell for the cell edge. The
serving femto base station then selects a token ti and a
set of physical resource blocks Si for its cell end users.
The sets of physical resource blocks of the cell center
are selected using the equation {{{i + j} mod N} + 1}, j
=10, 1, 2, ...,(N — 2)}. The distance of the affected
femto user equipment from the serving femto base
station is the cell center radius. In the last step, the
serving femto base station first removes the token ¢;
from 7 and randomly removes the cell ID from the list.
It then sends a high-interference indicator to the
neighbor with the deleted ID, containing the updated
list of cell IDs, the updated list of tokens, and
information about the physical resource block sets. This
process continues until all cells in the cluster have
selected their sets of physical resource blocks for the
center and edge of the cell. The cell center radius can be
further reduced if the user's other femto equipment
experiences interference above the threshold. In case of
shortage of physical resource blocks in the cell center,
users can borrow physical resource blocks from the cell
edge only if they are not used by the user's femto
equipment at the cell edge. However, end-cell users are
never allowed to borrow blocks of physical resources
from the cell center to ensure inter-cell interference.

Uplink line

There may be interference in the uplink, even if
there is mitigation of interference in the downlink,
precisely because the users of the cell center are
transmitting on the same physical resource blocks as the
cellular end users in the neighbouring cell. These
interferences can be reduced in the uplink by a physical
resource block swapping algorithm that either swaps
physical resource blocks used at the cell edge or
exchanges them with available physical resource blocks
from the cell center. It should be noted that the entire
region of the cell edge is not affected by interference,
since only part of the cell edge is in the overlapping
region. When a cell edge wuser causes uplink
interference, the serving femto base station of that user
may swap physical resource blocks between the
interfering user and another user in the cell edge free
zone. If this is not possible, the cell center user can try

to use another physical resource block if it is freely
available. This helps reduce uplink interference in the
femtocell network.

Simulation results

Users in the cell center can share the cell edge
bandwidth without creating intra-station interference.
Fig. 5 compares the CFFR cumulative downlink
interference distribution function with adaptive soft
frequency reuse, which allocates one-third of cellular
bandwidth to users at the cellular edge. The graph
shows the value of CFFR for mitigating inter-cell
interference in closely spaced femtocells. With CFFR,
the average interference of the user's femto-equipment
is reduced by 14%. Clustered femto base stations
continue to reduce their cell center radii until the
interference level of the user's femto equipment drops
below a threshold value. Since the cell boundary of
each femtocell in the cluster operates with separate sets
of physical resource blocks, the only interfering object
is the overlapping macro base station.

1

o o o
~ @ ©

o
=)

(=
S

Cumulative Distribution Function
=) =)
w o

o
N

—— CFFR

o

—— ASFR

=)

95 90 -8 80 -75 -70 65 60 55 -50 45
Interference

Fig. 5 User intervention in the downlink

The CFFR scheme is compared to ASFR in terms of
the average downlink bandwidth of users. The graph
clearly shows that even at low bandwidth in the cell
edge area, our algorithm still shows a 25% throughput
improvement compared to the other scheme. This can
be mainly explained by the fact that our algorithm
increases the value of the signal-to-interference and
noise ratio, which results in more bandwidth for users.
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Fig.8 Femto base station throughput in the uplink

The performance of our downlink algorithms and the
physical resource block exchange algorithm is shown in
Figures 7 and 8 of this algorithm for uplink interference
control. As can be seen in the first graph, physical
resource block sharing further reduces uplink
interference by controlling physical resource block
reuse and performing physical resource block
replacement. Reducing femto base station interference
in the uplink results in improved throughput as shown
in the second graph.

Conclusion

The simulation results of our downlink CFFR and
uplink block exchange/move schemes show significant
benefits in an LTE network. The scheme is triggered
whenever the user's femto equipment experiences
strong interference from neighbouring femtocells.
CFFR assigns a separate set of physical resource blocks
to users at the cell center and cell edge of each
femtocell. The cell center radius is determined based on
the distance of the affected user from the serving femto
base station. The cell center radius is adjustable if each
user 1is free of obstructions. Due to this, interference is
reduced, which automatically increases the bandwidth
of cells. For the uplink, the proposed algorithm for
moving and exchanging blocks of physical resources
swaps blocks of physical resources between users in
zones that create interference and in zones without
interference. Both algorithms together mitigate inter-
cell interference in a densely deployed femtocell
network. Significant improvements in bandwidth and
reduction in interference are increasing the
effectiveness of QoS in wireless networks. In future
works, possible research work is related to interference
between femtocells and macro networks.
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Hanywon O.K., Mozunesuu /I.1.
IToBTOpPHE BUKOPHCTAHHSA M'SIKOT YACTOTH /151 MOM'SIKIIEHHS] MI’KCTIIbHUKOBHX MepenKko/

IMpodaemartuka. [TosBa hemrocTinpHuKIB B Mepexax LTE 3abe3neunny MOKpUTTS B MPUMINICHHSIX Ta ITOJI0NATN BEIHKI
MOTOKM JaHWX I onepartopiB. IIpoTe BHHHMKAIOTh CHIBHI TEPEHIKOAM B CYCIIHIX (DeMTOCOTOBHX KOPHCTYBAadiB udepes
00OMEKEHICTh JIOCTYITHOTO CIIEKTPY B CTUTBHUKOBUX MEPEkKax , MO TEPEIA0Th JaHi B TOMY CaMOMY Pajiofiara3oHi. Y IiTbHO
PO3TOPHYTHUX CEepeIOBUIIAX MPOOIEeMH 3 MEepelKoaMy B peMTOCTUIBHUKAX 3 OJJHOKAaHAJIBHUM KaHAJIOM CIPUYMHSIOTH 3HAYHE
TOTIpIICHHS MPOXYKTUBHOCTI. Y IIOMY JOCTI[DKCHHI MH TMOCTA0NMI0EMO MDKCTITBHHUKOBI IMEPEIIKOAN Y (EMTOCOTOBHX
Mepexax 3aBIsIKH 00 €THaHHS (EMTOCOT B PE3YJIbTATI CHUILHUX MEPEelIKO/ Ta MOBTOPHOTO BUKOPHUCTAHHS MSKOI 4acTOTH B
HU3XITHOI TiHI{ 3BSA3KY Ta Y BUCXITHIH JTiHII mepeMimeHnHs Ta 00MiHy O0KiB (hi3MYHIX IO CTBOPIOIOTH TIEPEIIKOIH.

Merta. [lizBuiieHHs eheKTHBHOCTI 3a0e3MeyeHHs SKOCTI NOCIyr y 0e3ApOoTOBUX Mepexkax 3a PaxyHOK 3MEHIIEHHS Oyib-
SKUX MEPEIIKOo uepe3 po3noia Tpadiky, skuil 3naTHuil 3abe3neuyBatu Ge3nepediitHe miKII0YeHHS 10 KOPUCTYBaya.

MeTtoanka. 3a0e3nedeHHs] YMOB JUIs TIOM’SIKIIIEHHS. MDKCTUTBHUKOBHX TEPEIIKO/ Y ()eMTOCOTOBHX Mepekax Ha OCHOBI
LTE 3 noBTOpHUM BHKOPHCTAHHSM M’ KO YaCTOTH.

PesyabTraTn pocaimkens. [lepemkonn € KITFOYOBOIO MPOONEMOI0 TIpU po3ropTaHHi (emrocTimpHUKIB Mepexi LTE.
bnusbko posranioBani (PeMTOCTIIEHUKN 3aBaXKAIOTh OJMH OJHOMY, SIKIO BOHH NEpEialoTh Ha OAHIN yacToTi. ToMy nepeTuH
(eMTOoCOT Ta AUy 3MOTy iM PO3HOIUIATH PECypcH i MOBTOPHO BHKOPHCTOBYBATH MSKI YaCTOTH PE3yJIbTATHBHO 3MEHILYE
HEpelIKOM Ta 3arodirae BTpaTi MepexeBuX pecypciB. Cxema 3allyCKaeThesi KOXKHOTO pasy, KoM (eMTo-00JaHaHHS
KOpPHCTYBada BIiIUyBa€c CHJIbHI ~TEPEmKOMW BiJ CYCimHIX  QeMTocTimbHUKIB. [Ipu3Hauarounm oOkpemMuii  Halip

OnokiB (pi3MYHMX pecypciB KOpHCTyBauaM Ha Kparo CTUIbHHMKA, Halla CXeMa 3HAYHO 3MEHIIYE IEepelIKou, 0
ABTOMATHYHO 30iMbIIy€e MPOMYCKHY 3/[aTHICTh CTUTBHHKIB. Pe3ymbTaTH MOJETIOBaHHS MOKA3yIOTh IIEPEBarkl 3aCTOCYBAHHS
HaIol CXeMHM, 30KpeMa MepelKoan (PeMTo-00IaiHaHH KOPUCTYBaya 3MEHIIYeThesl Ha 14% Ta MOKpALIyeThesl MPOIYCKHA
3aaTHICTB Ha 25%. To0To MH criocTepiraeMo 3HaYHE MOKPAIIEHHS MIPOAYKTUBHOCTI (PeMTOCTITBHUKIB.

BucnoBku. IlpeacraBHeHO cxeMy mepeTHHy ()EMTOCOT 3 MOBTOPHHUM BHKOPHCTaHHSAM MSKOI YacTOTH ISl 3MEHIICHHS
nepemkox Mk ¢emrocrinbHukam Mepexx LTE, 1o no3Bonse epekTHBHO 3a0e3nedyBaTH SIKICTh IEpElaBaHHsS MOCIYT Y
0e31pOTOBHX MEpEeKax 3a PAXyHOK 3MEHIICHHS MEePEIIKo | Ta 30UTBIICHHS IPOAYKTHBHOCTI Yepe3 po3noaiTy Tpadiky

Kniouoei cnosa: 4G, emnicmy,; nokpumms, LTE; nianysannsa mepesici; nogmopHe GUKOPUCHAHHA M'SKUX YaCmOom.





