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Abstract—Deployment of small cells into existing mobile
networks can improve throughput and users quality of sevice.
However, the new tier composed of the small cells ises
problems related to management of user’s mobility. Mang
users must be able to discover cells in their neighbdwmod. For
this purpose, the users perform neighborhood scanningThe
scanning process should be frequent enough to avoid ustions
when a user is not aware of a close cell as this oneshzot been
scanned. However, the frequent scanning of a high numbef
neighboring cells leads to wasting battery of user equipent and
to a reduction of user’s throughput. Contrary, rare scaming can
lead to a situation when a small cell is missing in thést of
scanned cells and thus handover to it is not performedt results
in underutilization of small cells and consequent ovéoading of
macro cells. In this paper, we propose an efficient aoning
algorithm for future mobile networks. The objective d the
proposed scheme is to maximize utilization of smallels and to
minimize energy consumption due to scanning. The prasal
exploits graph theory to represent a principle of obsticted paths
in combination with knowledge of previous visited cél and
estimated distance between cells. As the results pented in the
paper show, our algorithm reduces energy consumption duto
scanning and enables higher exploitation of small cells by
offloading macrocells.

Index Terms—neighborhood scanning, handover, mobility
prediction, small cells, heterogeneous networks, enerdigiehcy

|l. INTRODUCTION

EPLOYMENT of small cells (SCeNBs) increases overa
throughput of network and it enables to offload macrg

cells (MeNBs) [1]. On the other hand, a high number
SCeNBs in the network implies several problems. b
major problems is related to the mobility managemzhtl{ a
user is moving, she/he must perform handover from a curr
serving cell to a target cell. To decide about timbasfdover,

Reference Signal Received Power (RSRP) between a U

Equipment (UE) and the serving and neighboring cells

measured. This process is known as neighborhood Scanning(:onsequen tly
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Information about cells to which the handover can be
performed from the current serving cell is stored by drmde
station in so-called Neighbor Relation Table (NRT). [B]
means each cell in the network creates its own NRT
containing all cells in its neighborhood. After the p&rforms
handover to the target cell, it receives a list ofsalat should
be scanned. This list, denoted as Neighbor Cell ListLINC
contains cells, which signal quality should be measurbd. T
NCL includes cells operating in the same band as thvinge
one (intra-frequency) as well as those operating irfferent
bands (inter-frequency). The efficient scanning process c
maximize utilization of SCeNBs and, consequently, @éigh
Quality of Service (QoS) for users.

For scanning of neighboring cells in LTE-A and WCDMA
networks, so-called Automatic Neighbor Relation (ANR) [
and Detected Set Reporting (DSR) [5] are defined by
standards, respectively. By using these mechanismg/JEhe
needs not to know its neighboring cells before thersiog
takes place since the UE can automatically scan only
surrounding cells, which share the same frequency batiek as
serving cell [6], [7]. However, the major drawback of these
mechanisms with respect to the future mobile networks
considering carrier aggregation [8] or heterogeneity bgmae
of multiple Radio Access Technology (RAT) consists in
possibility of scanning only cells in the same band res t
serving cell. Also, deployment of small cells in arhogonal
way, i.e., macro and small cells are not sharing thmesa
|l'l)ands, can lead to incomplete list of potential handover
candidates. Efficient utilization of ANR or DSR is not
ossible in these networks since the inter-frequencwyter-i
AT cell cannot be discovered. To ensure inter-frequendy an
inter-RAT scanning, the serving cell has to inform thHesU
ahout the bands or frequencies where potential neigithori

en

cells can be discovered. If the inter-frequency and infeF-R
gglrls are not scanned, the cells using different frequbany
or different RAT can be underutilized as those areknotvn
13 the UEs and handover to those cells cannot betétia
other cells can become overloaded.

On the other hand, if the UE scans an excessive nuohber
neighboring cells, time for finding the most appropriate
candidate for handover is significantly increased. stits in
wasting battery power of the UE [9], reducing throughput of
users, and lowering QoS due to the more frequent occurrence
of measurement gaps in data transmission [3]. In futurelenobi
networks, dense deployment of small cells is assumedeys a

(¢-maiénabler of 5G heterogeneous mobile networks. This ey |
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to the scanning of a high number of cells occurs ibrgd handover to them is not possible. All discovered hiddetes
number of SCeNBs within a range of a MeNB is deployed. Byre included into NCL and treated in the same way as other
using conventional methods for neighborhood scanning, aklls in the NCL.
cells deployed in the range of MeNB are considered asaregu In case the UE is served by the MeNB, a large number o
neighbors of the MeNB. Therefore, all these cefleudd be neighboring cells must be scanned if the SCeNBs undgrlyin
scanned as potential handover candidates. the MeNB are deployed densely. According to the schemes
The contribution of this paper consists in proposathef applied in 3GPP standard ([3] and [13]), the scanning process
algorithm for neighborhood scanning, which focuses ocan be performed frequently only if RSRP of the servigly c
minimization of the number of scanned cells and, foeeeon is at a low level. However SCeNBs can be deployed also in
reduction of energy consumption of the UEs due to scanhingareas with sufficient RSRP of MeNB. Therefore, usagéhief
the UE is attached to the MeNB. At the same timep@sed scheme would lead to the situation when the SCeNBsaire
algorithm enables high utilization of the SCeNBs to mézé@ discovered. Consequently, main motivation for deployment of
throughput of the UEs. This paper is an extension of othle SCeNBs, i.e., offloading of the MeNB and providing
previous work [10], which exploits knowledge of previouslyhigher throughput to the UEs, is suppressed. Note that the
visited cell and principle of obstructed paths from orletoe simple solution by means of lowering the RSRP level for
another. The extension with respect to our former wordcanning of SCeNBs would lead to redundant scanning and to
consists in consideration of relative distance amaily for consequent rise in energy consumption.
scanning algorithm and its description by means of graphAnother scanning algorithm is presented in [14] and
theory. This way, we postpone scanning until the UbBimes proposed for 3GPP standard in [15]. The scheme is denoted a
close to the area of potential handover. To that erdjefine Background Inter-frequency Measurement (BIM) and it
framework for distance estimation and we also analypact performs the scanning during the entire movement of the UE
of relative distance inaccuracy together with inaccucddyE  within area of the MeNB. To reduce amount of scanning
speed estimation. Furthermore, definition of distancgedba events, the period for MeNB scanning is prolonged. This
scanning is provided including deep elaboration of selfodification ensures lower power consumption and also keeps
configuration and scanning phases. Additional contributiaiihe possibility of finding a suitable SCeNBs for handaezn
comparing to our previous paper is evaluation of impactef tlif the RSRP of MeNB is sufficient. However, the propwbs
scanning algorithm on the energy consumption of UE and afgorithm does not take into account impact of the dewsity
the utilization SCeNBs by UEs. The algorithm is evadddbr SCeNBs on the optimum scanning period. It means the
OFDMA based LTE-A networks but it is generally applicablescanning period suitable for one MeNB with a given density
on all mobile networks including 5G. of SCeNBs can lead to ignorance of SCeNBs or to rexhind
The rest of this paper is structured as follows. Nexti@ec scanning in another MeNB. Modification of the scanning
gives an overview on the state of art in area afm®rhood interval of individual cells is exploited also in [16]. dh
scanning in mobile networks. Section Il thoroughly diéss authors suggest to select scanned cells according to the
the principle of obstructed path and explains the propospdobability of handover to the given cell and SINR observed
distance-based scanning algorithm. Then, Section IV descri by the UE from its serving cell. In means, more frequent
distance-based scanning process including self-configuratibandover targets are scanned more often than otherTdabs.
phase. Simulation environment and parameters ftgads to a significant reduction of the number of scanniésl ce
performance evaluation are defined in Section V. In &ecti while call drop rate is not impaired. However, like ire th
VI, the competitive approaches are specified and simolatiprevious papers, the authors do not consider utilizatidhe
results to prove performance gain and robustness of t8€eNBs and potential overloading of the MeNBs.
proposed solution are presented. The last section suresiar A scheme applicable for the scanning of SCeNBs within
the major conclusions and outlines potential futureamete coverage of the MeNB is based on Radio-Frequency
directions. Fingerprints (RFFs). This method is investigated in [174] [
and in [19]. By using this scheme, the UEs need to a@ess
II. RELATED WORKS database with RFFs. On the basis of the RFF and nesasut

Most of the recently described schemes for scannir?”com_‘ed by the UE, an approximate position of the UE is
consider scenarios with MeNBs only. However, applicatip detérmined. According to the observed position, potential
these algorithms to networks with SCeNBs leads to handover candidates can be identified and scanned. This
significant increase in time required for neighborhoo@PProach shows improvement in performance comparing to
scanning. If the UE is connected to the SCeNB the problePther approaches. However, its efficiency can be heavi
consists in discovering of all potential candidates fofnPaired if deployment of cells or a channel quality are
handover. This problem is addressed, for example, in [1£f)anged. It also implies high overhead due to a need for
[12]. Both papers deal with a solution for minimizatiorsof ~requent exchange of the RFFs between location of the
called hidden node problem when two cells are neighhars glatabase and the UE if the database is deployed in the core
they are not able to receive signal of each other tduan network. If_the database is deployed in the UE_, th_e_:n demands
obstacle between them (e.g., a wall). If the hiddés aee not  ©n the UE in terms of database storage rises signifyck@].
discovered, they cannot be included in UE’'s NCL anBspecially in the network with small cells, the volumie
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transferred and stored information is enormous and it can
result in a reduction of QoS. B! Au
Approximate position and distance between the UE and
femto cells is used in mechanism called Autonomous Search”
Function (ASF) [3], [21]. However, the scanning by usingp,,,

/ paM

ASF is performed based on previously visited closed

subscriber group member cells in whitelist. Therefdre — Bus
ASF is applicable for closed and hybrid femto cells @rig it cell/
cannot be used for general small cells or femto catfsopen ~ cely

access. Vavg
Another way of SCeNBs scanning is to take a mobilitiesta
of the UE into account. This possibility is investigatémt,
example, in [22] or [23]. According to [3], the mobility ttas
estimated based on the number of handovers performieieh wit
a specified time window. It enables to distinguish threed,, .
mobility states: normal, medium, and high. Based onilitpb
state, the frequency of scanning is derived [14], [24]. v Iy
With respect to above mentioned papers, our proposaf
reflects real speed of UEs as well as the relative ipnsaf
UE in the network and aims on the efficient scanninggs®
ensuring the best possible QoS while energy consumeption
UEs due to scanning is minimized. The performance gain of
our proposal is achieved by usage of the knowledge Ofv.a/

aMb

Dwm / das

DMa

TMia / tab

previously visited cell, the principle of obstructed patusd  tawa
estimation of time of transition between cells.
vmeas/
[ll.  PROPOSEDDISTANCE-BASED ALGORITHM Ve

This section provides description of the proposed distanc vinc
based algorithm. The proposed algorithm extends our wor
presented in [10] where we exploit knowledge of previous v

3

handover fronMeNBy

set of all cells to/from which the handover frooiteNB,
is possible

probability of handover fronvieNB, to cell,/ fromcell, to
MeNBy

probability of handover frorMeNB, to cell, after handover
from cell, to MeNBy

set of distant neighbors oéll, that can be reached through
MeNBy

any cell within theMeNB, coveragedell/ cell, (Am

Bw))

average speed of MUE computed after passing thrthegh
MeNBy

time between handover frocell, to MeNB, and handover
from MeNB; tocell,

distance matrix oMeNBy containing the minimum
distances between cells under coverage oMéiB, / Dy
contains elementd,, expressing distance frocell, to cell,
distance froneell, to cell, calculated by particular MUE
set of minimal distances betweesll, and distant
neighbors otell, reachable through tHdeNB,

estimated speed of UE / real speed of UE

set of minimum time distances betwessll, and distant
neighbors otell, reachable through thdeNBy / Tv .
contains elements, expressing minimum time distance
betweercell, andcell, reachable through thdeNB,
calculated from estimated speed

set of minimal distances expressed by means of time
betweercell, and distant neighbors oéll, reachable
through theMeNB, considering the guard interval /
element of sefy 4 ai

error in measurement of speed / error in speethattn

inaccuracy of speed determinatio® ¥ eastV e )

set of scanned cells defined for each MUE movimgugh
theMeNB,

visited cell and principle of obstructed paths betwaendells )

to reduce number of scanning events. In this paper, th&el'S assumeNqe is the set of all cells (macro as well as
proposed enhancement consists in consideration avi@all) in the network. The handover is performed atethge
derivation of the distance between neighboring ceflse ©Of cells. In order to perform the handover from MeNB
algorithm targets especially NCL management for the UEEQrrectly, the NCL of MUEs should include all cells vibich
connected to the MeNBs (denoted as MUES). The propodBf Probability of handover from the servikeNB, is higher
can be also used for NCL management of UEs served by fhan threshold,.. The setBy comprising all neighboring
SCeNBs (denoted as SCUES). However, as it is explaiterd 1sc€lls of theMeNB, is defined as follows:

in this section, benefits for SCeNBs are limited duthéofact R

that case when a SCeNB covers several underlying S€&NB By, ={cell, T Noee| Prap > P} 1)
not expected to be often in real networks. Thereforéomes

only on the NCL of MUEs. wherepy, is the probability of handover froMeNB, to the

To easy follow the proposal, we first define notatised in  eighboring cellcell, In real networks, the probability of
the paper and system model. Then, the principle of etiel o qoverp,, is observed by statistical evaluation of all
path combined with knowledge of previous visited cell 'ﬁreviously performed handovers from tHdeNB, The
descr_ibed. It is followed by description of the distanaseul threshold pr, must be adjusted for optimization of the
algorithm. performance [25]. With a higher value of the thresholss le
A. System model neighboring cells are scanned and therefore, more patenti

To easily follow and understand the proposal, notatioad ushandover candidates can be missed. Since our proposal aims
in the proposal description are summarized in Table I. gt” Tgxmmatlon of SCeNBs' utilization we set the gireld

hr = Y.

Since theBy contains all possible handover candidates of
the MeNBy, this set corresponds to the NRT in 3GPP.
However, using all possible handover candidates for scanning

TABLE |
NOTATION USED FOR SYSTEM MODEL AND PROPOSED SCANNING GORITHM

Notation Description L . ;

is ineffective. Therefore, we derived the NCL for eddbE
cell, / originating cell from which a MUE can perform haneéoto using knowledge of the previous visited cell and available
celly MeNB, / destination cell to which a MUE can perform
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paths between cells as explained in the next stibsec knowledge of previous visited cell can be demonstray
example shown in Fig. 1. In a conventional way, MéE has
visited cell to scan 10 neighboring cells (9 SCeNBs + 1 MeNBj)riging

) to B, during the movement of the MUE within the area of
_ The number of scanned cells (includediy) when the UE \o\p, Contrary, if the proposed approach is considetteel,
is moving through theMeNB, can be reduced by using\,yg scans only 4 neighboring cells (i.e. SCeNBCeNBy,

principle of obstructed path and knowledge of tbk vsited SCeNBs, and SCeNR,) belonging to5, 14 after the MUE
before theMeNB, (denoted as previous visited cell). leaves S'CeNﬁ and attaches to the MeNB
Obstruction of the path between cells is phenomenon

occurring if the cell with small coverage radiugg(eSCeNB)
is deployed within the radius of a large cell (e/deNB).

Without deployed SCeNBs, each user can pass frarsiote
of MeNB to another without handover. However, ifebdBs
are deployed, the MeNB's cell overlaps with SCeNBben a
SCeNB spans over the entire width of the street,phth is
obstructed by this SCeNB. Thus, if the user is mgw@long
this street, handover to the SCeNB is performedesihe path
is obstructed by this SCeNB. With increasing dgnsif

SCeNBs, more paths become obstructed from the Madii

of view.

The principle of obstructed paths complemented wit
knowledge of the previous visited cell, labeled @,
enables to determine limited set of really accéssiblls. At
first, set of all potential previous visited celtas to be

B. Principle of obstructed path and knowledge of prasi

ﬁig. 1. Example of network deployment.

For the expression of DNC relations among all ogithin
the MeNB, coverage, we adopt the graph theory. For each

defined. This set, denoted dg, contains all cells from which MeNB, in the network, the grapBy (Viv, Ew) is defined. The

) . . set of vertices\(v) of the graphGwu represents all cells from
the handover to th®eNB, is possible (note that this set dowhich the handover to thdeNB, is possible or to which the
not need to be the same as setBypfdue to hysteresis for

handover from théeNB, is possible (i.e.Avw Bu). The set
handover): of edges [Ey) of the graph shows the links between DNCs.
- The degree of any vertex denoted asd(w) implies the
A ={cell, T Nogl P > Pind () number of DNCs and therefore the number of cebi treed
to be scanned by the MUE after performing handénen a
where pay represents the probability of handover from thgeneralcell, to the MeNBy (i.e., in case thatell, becomes
cell, to theMeNB,. previous visited celtell,).

By exploiting the knowledge of the previous visiteell, The example in Fig. 1 can be interpreted by twplgsaas
and a principle of obstructed path, particutatl, is known shown in Fig. 2. For the clarity of graph expressithe edges
after handover té1eNB, is performed and the s&, can be from any vertex x to the same verfge., v,, vy) corresponding
narrowed down to the sdfy . defined by the subsequentto casesell, = cell, are not depicted in Fig. 2 as this path is

formula: applicable for all cells (as explained above). Wasuane
handover at the edge of cells in our example. This,
By :{ceIIbT B, |(paMb > pthr)U(Ce”aT A, )} (3) handover from angell, to theMeNB, and then to angell, is

possible (i.e.cell, is DNC ofcell,), the handover froraell, to

where pav, represents the probability of handover from thEzhe MeNE, and then to theelk is also possible. However in

. real network (and as well in our simulation), hyssis is
Mel\_IB\A to thecell, if the user comes to tmeNB"' from the exploited to aS/oid redundant handovers. Corzseq):ae@nlc
par_tlcularcella. In other words, the S&"—‘? contains all cells, relations may not be reciprocal.
which can be reached from thieNB, if the MUE’s last
visited cell wascell,. This set of cells is denoted as distant
neighbor cells (DNCs) of theell,. The NCL of MUE can be
reduced to only the cells included in the &gt , after the
handover from theell, to theMeNB, is performed. Note that
the setBy , includes alsaell, since the MUE can turn and
go back to theell, any time. Also note that not only SCeNBs
but also MeNBs can be included in beth andBy. As can be
seen from (3), theBy , is always subset of th&y, i.e.,
BM _a i BM

. Fig. 2. Expression of distant neighbor cell rela by graph theory.
Benefits of the principle of obstructed path andtloé
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The examples in Fig. 1 and Fig. 2 show few typuzades,
which can occur in the network. The first casehie tirect
neighborhood of two cells, e.g., SCeNd#hd SCeNBin Fig.
1. Users passing from the SCeNB the SCeNBdo not pass

a certain level of volatility. Therefore, the debémation of
mutual distance among SCeNBs and among SCeNBs
users based on real position is not applicable adijpbTo
enable utilization of the proposal in general scenavhen

and

through MeNB. Therefore, these two cells are not DNCs angosition of objects is not known accurately, we ufcon

consequently, the cells are not interconnecteddgge eén Fig.
2. Of course, both SCeNBs must be included in toin
NRT so they are aware of each other.

exploitation of only relative distance. To determirthe
relative positions of the cells, we use the stiatisbbservation
of users’ movements. The relative position of thetlscis

Another situation appears when two cells are diredetermined based on the user's average spgg@dnd time
neighbors as well as DNCs. It means handover @jrect,y,, that the MUE spends connected to the MeNB when

between two cells as well as the handover throhghMeNB
are possible. In Fig. 1, this case is represenéeg, by
SCeNB and SCeNR From the MeNB point of view, these
two cells are regular DNCs. Thus this relationapresented
by edge in Fig. 2.

Analogical case is that the SCeNB obstructs onbad of

passes froncell, to celly,.

The relative distance is represented in graphgdias Fig.
2, by weighted edges as depicted in Fig. 3. Ind&id
neighbors of the MeNB are represented in the grbph
vertexes and weights assigned to the edges. Thghtsei
represent the shortest distance between two bt that the

the road as, e.g., SCeNBNhen the UE leaves, for example,distances froncell, to thecell, is the same as distance from
SCeNB, it is possible to bypass SCeNBnd enter directly cell, to thecell, if no hysteresis for handover is considered (as
the MeNB. In this case, all DNCs of SCeMBre also DNCs presented in Fig. 3 for clarity purposes). However real

of each other among themselves. This is againctefleby network as well as in our simulation, the hysteres
edges between MeNBand SCeNBin Fig. 2. Note that if a included. Hence, the distances between cells cadiftazent

SCeNB spans over more MeNBs (such as SGeiNBour
example), then it is included in &H, belonging to all MeNBs
which overlap with the SCeNB.

This algorithm is designed for creation of the NGFLMUE.
However,
Nevertheless, the SCeNBs are of a limited range taed
obstructed paths are not so frequent under coveohdbe
SCeNBs. Thus, the NCL of SCUE composed accordirguto
proposal (seBy_,) is usually identical with the seé&, (NRT
of SCeNB).

The drawback of the principle of obstructed pathghiat
during the whole movement of MUEs through the Meliz
MUE have to scan all cells included in t#% , no matter

it can be used also for the NCL of SCUE.

for opposite directions.

Fig. 3. Expression of example network deploymepntgbaph theory with
weighted edges.

what is the distance between the MUE and the DNC. Evaluation of edges can be described for each MbNBE

Therefore, we further propose to exploit an estiomabf the
distances between thell, and thecell, and between theell,

and the MUE. This allows a reduction in the numdiecells

in the NCL by exclusion of cells, which cannot lexessed
right now due to user’s location.

C. Weighted graph for definition of relation betweeNCs

distance matriXD. For theMeNB,, the distance matri®y, is
defined as:

The main problem related to the determination of th

distance between two cells and among the cellstaadJE
consists in accuracy of localization of the used ahe
SCeNBs. Localization by using information from titwork
(e.g., Angle of Arrival, Time of Arrival, etc.) osatellite
navigation systems (e.g., GPS, GLONASS, etc.) eandry
inaccurate in urban areas or even impossible indo@r to
unavailable signal. Another problem of these teghes is
relatively high energy consumption if those systears
integrated in mobile devices such as smart phdfgs |

In terms of SCeNB, the location of micro and pietisis
usually known very precisely as those are deplopsd
operators. However, localization accuracy of fero#lls is
limited since the femto cells are deployed by treers.
Moreover, user's movement is restricted to streetaps with

dll dlb dlm
DM = dal dab dam (4)
dnb dnb d nm

wherea ={1, 2...,nfandn= Ay is the total number of
cells from which handover to thdeNB, can be performed,;
similarly 6= {1, 2...,m} wherem= By, is the total number
of cells to which the handover from thdeNB, can be
performed; andl,, is the shortest observed distance between
the cell, and thecell,. Note that the distana#,, may not be
the same as distandg,.

In general, the distanag, is calculated as:
dab =V, >¢aMb

avg

()

wheret,y, is the time spent by the MUE connected to the
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MeNB, when the MUE passes from thell, to thecell,; and

6

As long as the MUE is connected to teNB, the speed

Vayg represents the average speed of the MUE durigd user is measured periodically using algorithrefingd in

movement from thecell, to the cell,. The t,u, can be
expressed as difference between the handover frecel, to

[29] or global navigation systems for users indaord
outdoor, respectively. When the handover fromNteNB, to

theMeNBy (t.v) and the time instant of the handover from théhe cell is performed, the timet, is frozen and its value is

MeNBy to thecell, (twp), i.€.,tamp = tms — tam-

stored int,v,. The distancel,, e betweencell, andcell, is

The main challenge of the proposed algorithm is th@dlculated according (5) by using tirig, together withva,g

detection of UE’s speed and estimation of the speetuture
movement in the MeNB as it influences efficiency
scanning. For low speed users (pedestrians), weegploit
algorithm of speed estimation based on correlatazfficients
of OFDM system as described in [27], further anadlyin [28]
for indoor and outdoor environment. In additiore #igorithm
is experimentally validated for indoor environment[29].
This algorithm shows average error of speed esimadess
than 3 % [28] for outdoor pedestrians, which is entinan
sufficient for our algorithm. The speed estimatoam be used
for users (both pedestrians as well as vehiculaimg at a
speed up to 4 m/s [27]. For users moving at a spégiter
than 4 m/s, we assume usage of navigation systamsh, as
GPS, with even more precise speed estimation. Tdretehe
speed estimation exploited in our paper repressotst case
scenario. In addition, we also investigate impddhe speed
determination inaccuracy on the performance ofpiftuposed
NCL scanning algorithm later in the paper.

IV. DISTANCE-BASED SCANNING

To facilitate implementation of the proposed scagnio
real networks, the self-configuration phase of #hgorithm
has to be completed before scanning process iBfance-
based self-configuration phase is outlined in thkofing
subsection. In the second subsection, processeadiftance-
based scanning (DBS) is described.

A. Self-configuration for distance-based scanning

The first step after the new MeNB is deployed i#-se
configuration phase. At the beginning of this phalseDy, is

empty and DNCs of th®eNB, are not known. The elements

of theDy, are set in the following way:

0
¥

f =b
d, = or a

otherwise

measured by the UE. The deriveg, ye is then compared

ofvith d,, already stored iDy,. If the new calculated value of

das ue is lower than the formed,,, thed,, is replaced by
das ue SO that:
d = min(dab dap _UE) (6)
After performing a sufficient number of handovetke
distance matriXDy, is filled by the shortest distances between
distant neighbors and the self-configuration phase
completed. Remaining infinite values of some elemeh,
indicate that thecell, is not a distant neighbor akll,, thus
transition from thecell, to thecell, through theMeNB, is not

possible. It means the path between these two dslls
obstructed.

p N
/' Endof self- )
\Vconflguranonr Y,

s N
Start of self- \

. configuration

\_ %

. No
S—

Scanning by using
NCL

t

No _
t=t+ot €—

M Yes

s performed
~ sufficinent number of
~._handovers from cell, toy,,,n'"
TS MeNB?

Handover to
MeNB,?

l’"’(es

Previous serving cell
labeled
as cell,

dag = min(dag_ue, dag)

T SE——

dap_ue derived based
on average velocity of
UE and towp:

dap_uE = Vavg * tamp
t =ty + Ot D o

l

Scanning by using
of whole NRT

| No

. Actual serving cell
“.Yes | |abeled as celly and added as
distant neighbor of cell,

tamvp = tm

" Handover from
—»<
MeNBy,?

Note that thel,, if @ = bis kept equal to zero all the time as™'9- 4- Proposal of selt-configuration.

the MUE can turn back anytime and this time canipet
estimated. This, on one hand, lowers efficiency onir
proposal in terms of number of scanned cells, buthe other
hand, it avoids missing cell in the NCL.

The self-configuration phase is depicted in Fig.After
each handover tdMeNB,, the timerty is launched and
previously visited cellcell, is stored. During the MUE'’s
connection to theMeNB, in self-configuration phase, the
MUEs scan all cells included in NRT with a scannpegiod
of t. At the beginning,
approximate network information together with segsi
algorithm, such as in [30].

the NRT can be derived from

Note that the impact of duration of the self-confafion
phase has been already investigated in our prewotis [10].
Based on results, the duration of self-configuratiepends on
the number of handovers performed to the new iestal
MeNBy. Although the duration of self-configuration istger
in comparison with conventional algorithms, we havéeep
in mind that the self-configuration phase for thleNB, is
required only once after its first deployment. ifyachange in
neighborhood of the neMeNB, occurs (for example, a new
cell is inserted to the network or a cell is turreéidor moved)
the MeNBy is able to react and adapt to this change in self—
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optimization phase during normal operational stat@lsifs. individual distant neighbors. Thg, is computed in the
After plugging any new cell (MeNB or SCeNB) to the mity  following way:

of MeNB,, this new cell is added as the DNC of all cells

within MeNB, range. It means new cell is added to each row d,

of the Dy with value ofd,, set to0. If (3) is not fulfilled after tw =<~ (9)
a given number of handovend,, is set to and this new cell et

I not considered fof scanning by UES. e_nterlng NtehE, Thevegis only a prediction of real average spegg in the
from thecell,. Analogically, the new cell is included as a NeW . re. Thus. thev.. is affected by the error in speed
. . ’ est

row in theDy of the MeNB, and elementsl,, are set to if d . . . f the f
(3) is not fulfilled after the predefined number of handsve measurement Yy,,;) and error in estimation of the future

If (3) is fulfilled, d, is set according to (5). speed {'
After finishing the self-configuration phase, the setals
for scanning is further managed during DBS.

pre). The v is the sum of the real speed and both

errors:

B. Distance-based scanning process v +V

After finishing the self-configuration, the row of the Dy,
contains the shortest distances frogll, to all neighboring Exact determination ofey in the time of handover to the
cells ofMeNB,. All cells with finite distance are considered toMeNB is not realistic and we can assume hat Viey. In
be the DNCs of theell, and those are included in the setase the estimated speed; < Viea, all minimal achievable

est = Vreal + Vinac = Vreal meas-'-vl pre (10)

Dy 4 time t,, (calculated according to (9)) are higher than the real
- one. This may cause that the MUE arrives to the w#jciof
Dy . :{dabT D,, |d,, <¥} (7) cell, before the scanning of this cell is initiated. Thergrus

cannot connect to theell, and the SCeNBs are underutilized.

If the UE performs handover from ticell, to theMeNB,, Contrary, when/es: > Viea, the minimal timet,, is lower than
the setDy » is sent to the UE by théleNB,. This set the real time spent und&teNB,. Due to the shorter minimal

represents the list of all cells suitable for thedumer denoted UMe tas, the scanning of neighboring cell is performed too
as NCL. The NCL also contains the information o th€arly and can be considered as redundant. From the above
shortest distance to particular neighboring cell. Nbt the ~OPtions, the second alternative is acceptable as seahning
NCL itself is transmitted also for common approachiésis does not result into significant decrease_ in QoS véffleient _
this does not imply any additional signaling. The Om)pffloadmg of_the MeNBs by SC_:eNBs is ensured. To avoid
additional overhead is introduced by information on th#nderestimation ofes, we consider a Guard IntervaGl]
shortest distance between cells. This leads to owribea Which decreases., derived by (9), tots e Thus, all
several bits (e.g., 10 bits enables reporting of distapcto  elementst,, from the setTy , are recalculated to set of
1023 m with accuracy of 1 m) per scanning event. The numi@inimum timesTy_, ¢ as follows:

of scanning events due to our proposal is in order of several

events per second (as we show later in this paper thdt), o =t - Gl (12)
Therefore, additional overhead is in order of tensitsf jper

second and can be neglected. Contrary, by reduction of thjsage of theGl ensures that the cells are scanned with a
number of scanning events with respect to existingfficient time reserve before handover and a deteivoraf
approaches, the overall overhead due to the scanning car‘d@g is suppressed. Impact of B¢ on the performance is
even lowered by our proposal. evaluated in the paper.

After each handover to thdeNB,, the timerty in MUE is The main idea of our proposal consists in the fact that
launched. Also, the speed of UE is estimated) (based on  qyring the movement through tiéeNB,, the MUE scans
the current and previous speed. For the sake of simphegly o)y the neighboring cells, which are in proximity oé tlIUE
assume only simple linear extrapolation for the spegghd which are really accessible. It means the MUBsonly

prediction, i.e.: cells with minimal achievable tintg, lower than elapsed time
tw spent by the UE in th®eNBy,. Therefore, the final set of
p .
Vest(s) _1 v(s- i) 8) scanned cells can be expressed as follows:
P i
Suue :{tab_GI ' Ty 2 @ |tab_GI <tM} (12)

whereve (S)is the future estimated speed gnid the number

of previous steps taken into account (for our evaluatiem, t The proposed algorithm for selection of cells to be sednn
samples are considered). Based on the MUE's estimated spg summarized in Fig. 5.

Ves; the MUE recalculates the distancgs (in the seDy, ) to

the minimum timet,, (in the sefly ,) that is needed to reach
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Handover to MeNB model with Points of Interests (POls) using grapleoty
from cell, ; =t + Ot < approach as described in [16]. The model in [1&uages

constant speed of users. For our algorithms, tleedsan
v , influence the performance significantly. Thereforese
Scanning of set Syue .. - . cye -
e el el enhance original mobility model by accelerationtriisition
satisfying as presented in [33]. The distribution of user'sespas well as
fob.c1 < w the distribution of acceleration is normal with mewalue
1.127 m/s [33]. We consider pedestrians in the Isitians.
The reason is that the movement of pedestriang rmaoe
degrees of freedom comparing to movement of veaiiauders
as the pedestrians are not limited only by streBterefore,
pedestrians represent the worst case for our pedpEsanning
algorithm. Estimation of users’ speed is perfornbeded on
[27], [28], and [29]. According to the [28], we asse
maximum estimation error of 3 % in general scenhtibwe
also investigate the impact of estimation error opely this
Fig. 5. Derivation of set of cells to be scanned. limit later in the paper.
Based on the maximum speed of users in simulatimh a

Note that theDy is continuously managed and updated ipased on [15], the default scanning periadis set to 1
the same way as in self-configuration phase dusei- second. Default value @Il used for our proposal is set to 1
optimization phase. It means values of elemdgisn Dy are  second.
modified if a shorter path is found. Major simulation parameters are listed in Table II.

MeNBy, sends set
Du_o to MUE

A\ 4

Some of scanned cell

MUE calculates Ty 4 6 8 -
o fulfill handover condition?

based on Dy_«:
tap_6i= (ap/Vest) - Gl

Handover to best
handover candidate

o+ ‘

= v
n «
o

V. SIMULATION MODEL AND SCENARIO TABLE Il
SIMULATION PARAMETERS

We assess the proposed algorithm by simulations &
MATLAB. As a simulation environment, a part of Puag Parameter Value
Czech Republic is chosen. In Fig. 6, simulationaavéth  —c e fequency [GHz] 2
twelve blocks of buildings with different number #dors is Transmitting power of MeNB / SCeNB [dBm] 27 /15

shown. Among those blocks, apartments, officedaveants,  Height of MeNBs/ SCeNBs/ UEs [m] 22(/ﬂ{1-51+) V15
. . . . . x(roor .
and working places are distributed. In the simafatirea, four  \,yner of MeNBs / SCeNBS / UES 4/{0 200} /100
fixed MeNBs providing LTE-A coverage are placedading Attenuation of walls [dB] 10
to the real location of Vodafone MeNBs. The SCeNBsaysteresiS gor fhandov[er/[d]B] 4 1127 (33
ean speed or users [m/s .
(represented by femto cells) are droppgq at ranplaice ar_ld Standard deviation of speed [m/s] 0.5324 [33]
random floors in each block. The position of feratls is  Mean acceleration [nfls 0.0004 [33]
randomly generated in every simulation drop. Iralfoten  Standard deviation of acceleration [fiy's 0.2175[33]

drops with a length of 500 000 steps are run. Véeras the ~ Maximum speed of user [m/s] 2.4999 [33]

. Default accuracy of speed estimation [%] 3[28]
SCGNBS and the MeNBS dO nOt use the same freqmnCIe Energy Consumption per scanned Cel]mWs] 3 [14]
Default scanning period,t [s] 1
Default Guard Interval, Gl [s] 1
Step of simulation [s] 1
Total time of simulationTsm[s] 500 000
Number of simulation drops 10

VI. PERFORMANCEEVALUATION

In this section, the performance of our algoriths i
compared with competitive algorithms. The sect®wlivided
into three subsections. In the first subsectionnpetitive
algorithms are described. Then, performance metaies
L& _J introduced. In the last subsection, simulation ltesuare

LD TR e it ak T e : i _
Fig. 6. Environment for simulation with depictedsition of
circle) and SCeNBs (orange cross).

MeNBs (blue Presented and discussed.

A. Competitive algorithms

Signal propagation is derived in line with the Three algorithms are compared with our proposalbiltg
recommendations of Small Cell Forum. For signaratation State Estimation-Based Scanning (MSE-BS) [14]; Baoknd
from the MeNBs and the SCeNBs, Okumura-Hata [31 arinter-frequency Measurement (BIM) [13], [14]; Ohstred
ITU-R P.1238 [32] path loss models are used, resmy Path (OP) algorithm [10]. Note that we have comgaoar

There are 100 UEs moving in the simulation areae Thalgorithm also with handover history [34] and wiknsing
movement of those UEs is based on Manhattan mbililgorithm [30] in our former paper. However, foetbake of
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clarity, we do not present those algorithms hereuagamer u T max TEM,
proposal outperforms all of them as shown in [10]. _, SokT ek (15)
- . m, =100- L = x00%
First of the compared algorithm, MSE-BS, performs Y
SC_k

scanning based on the mobility state of the UE [14]. This

algorithm selects the cell for scanning based the nipbiiate.

Consequently, only the UEs in the normal state perform BIMg - _ )

scanning of the SCeNBs. In our simulations, all UEsratee VNere Tscx is the total time spent by theth UE in the

normal mobility state as those can fully exploit adages of MeNBs for BIM algorithm by using scanning intervaland

the SCeNBs [3]. Therefore, all UEs perform scanning of max ;s 5 maximum time spent by theh UE in the MeNBs

neighboring cells with an interval of 1 second. Withpect to - ] ) ]

the system model described in section IIl.A, all ciliduded PY using t=1s (i.e., by using other compared algorithms).

in By (see (1)) are scanned. Anqther compared aspect is the energy con_sumptlon_ due to
The second algorithm, BIM, prolongs the scanning pericef@ning. The average energy consumption is linearly

in order to save energy. The prolongation depends Onredquidependent on the number of scanned cells [14]. Theréfise,

savings of energy consumption. The scanning is done loger f€fined as:

k=1

set By, however, the scanning interval is changing depending ‘ Nz
of required energy consumption. In our evaluations, Wgai — N2, = k=l xr (16)
consider scanning periods = 2, 5, 10, and 20 seconds. v " Tes ot
Last, the performance is also compared with the OP o
algorithm. In this case, only really accessible call®
scanned. Those cells are included in theGse} (3). where means the average energy consumption per one

The proposed distance-based scanning, denoted as DB&nning of one cell. According to the [14]s set as 3 mWs.

scans only cells included By defined by (12). C. Simulation results

B. Performance metrics In this section, results of simulations are presented to
All algorithms are compared by means of average numberovide comparison of the performance with respect to the
of scanned cells, prolongation of time in MeNB, utilieatof competitive approaches.
SCeNBs and energy efficiency of scanning. Fig. 7 shows the average number of scanned cells per
The average number of scanned cells is expressed as:  second when the UE is connected to the MeNBs. As ean b
seen, the MSE-BS algorithm introduces the highest atajun
u scanning event out of all compared algorithms for all diessit

Nalg ’ ] -
N2 = ket - (13)  of SCeNBs. This algorithm scans all cells to which the
e T2 ot handover from MeNBs is possible. Therefore, the nurober
e scanned cells rises with the number of SCeNBs. Thv BI

algorithm reaches lower average number of scannedticatis
where u is the total number of UEs in simulationt is a the MSE-BS. The number of scanned cells decreases with
prolongation of t. For example, prolongation ot from 10 to
20 s leads to reduction in the average number of scanried cel
connected to the MeNBs if scanning algoritalgis used, and per second from 2 to 1. However, as in case of the MSE-BS

le'g is the number of scans performed by tith MUE the number of scanned cells is rising with the density of
connected to the MeNB during the simulation. deplo_ymel_wt _of_ SCeNBs. _Therefore, the usability of this
The prolongation of time in MeNBs can be described éaggorlthm is limited by density of SCeNBs.
follows: Contrary to the BIM and MSE-BS, the number of scanned
cells is not rising continuously with density of SCeNBstfe
" " OP and for the proposed DBS. For low density of SCeNBs,
T - T (14) the number of scanned cells rises with the number ¢. cel
hy =42 —— K= X 00% Then, the average number of scanned cells reaches its
T maximum (at roughly 20 SCeNBs) and decreases for higher
S density of SCeNBs. The reason is that the paths amaltsy ¢
become more and more obstructed for higher amount of
where TMB"\f(“ is the total time spent by tHeth UE in the SCeNBs. Thus, the number of real neighboring cellstitnge
- lower. Note that the proposed DBS outperforms the OP by up
min o _ _ to 50 % (the average number of scanned cells is reduced from
Ty kis @ minimum time spent by theth UE in the MeNBs 6 to 3 for 20 SCeNBs). From Fig. 7 can be also seertfieat

by using t=1s (i.e., by using other compared algorithms). DBS algorithm reaches similar results as the BIM witlr 2

Utilization of the SCeNB is defined by the next fotenu s and BIM with t = 10's for lower and higher densities of
SCeNBs, respectively.

scanning period,TJ'?k is total time spent by th&-th UE

MeNBs for BIM algorithm by using scanning intervai and
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depicted in Fig. 9. This figure shows the most hiaa
underutilization of SCeNBs fort = 20 s and for low densities
of SCeNBs. | case of five SCeNBs in scenario, deptial is
exploited only at 63.5 %. It means more than oned thf
capacity of the SCeNBs is not utilized, since the 9 not
able to discover the SCeNBs in time. With risingnsity of

the SCeNBs, their utilization rises. Note that sofitthe /7,

and /1, is not equal to 100 % since the absolute values of
time spent by the UEs in the MeNBs and SCeNBs are
different and both are related g} and Tl .

Fig. 7. Average number of scanned celtas;‘gg) over density of SCeNBs.

As can be seen in Fig. 7, the lowest number ofrsedicells
can be reached by the BIM with longt. However, a
prolongation of the t can lead to the prolongation of the time
spent by the UE connected to the MeNB as the neitindp
cells cannot be discovered by the UE and handamnat be
performed. A prolongation of the time in MeNBs sedpsently
leads to the underutilization of the SCeNBs. Trmeef we
analyze impact of the prolongation of on prolongation of
the time in MeNBs and the utilization of SCeNBs.

The prolongation of t is used only by the BIM algorithm.
All other algorithms perform scanning regularly sveecond
(shown by red curve in Fig. 8 and in Fig. 9). Bings t=1s,
prolongation of the time in MeNB is negligible atite users
stay minimum time connected to the MeNBs. Contrasing . .
longer t leads to more time spent by the UEs attacheddo th In Fig. 10, the_ average energy _consumptlon per rseco

g p y

o ) . . caused by scanning is presented. Fig. 10a showpartson
MeNB. The time in MeNB rises also with density @eNBs. of all algorithms while Fig. 10b depicts detailedom for
For 200 SCeNBs andt = 20 s, the time in MeNB is . . ‘ .
prolonged for more than 16 %. algorlthms showmg low energy consumpthn. For _éeep
comparison, we implemented the prolongation of stan
period ( t) also for our proposed DBS.

As can be seen, the highest energy consumpticached,
as expected, by the MSE-BS algorithm. For 200 SGeltiEe
average energy consumption per second is more7tham\s.

If the same t is used by the BIM and our proposed scheme,
the energy consumption is reduced for up to 85c¥ (f=2 s
and 200 SCeNBs).

Comparing the DBS with t = 1 s with our previous
proposal OP algorithm, the energy consumption is
significantly reduced for all densities of SCeNBghe
reduction is lowered for more than 60 % for mosttioé
densities (except very low density).

14,

Fig. 9. Impact of density of small cells and sdagninterval (@) on
utilization of SCeNBs hzx ).

¥ MSE-BS
5 BIM (A=25) o
<~ BIM (A=5s) oI
BIM (A=105) P sl
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hand, the usage of a high@t (i.e., GI = 10 or 20 s) leads to

Furthermore, impact of th&l on performance of the an increase in the energy consumption, howeveheasame

proposed algorithm is shown in Fig. 11. The prokifan of
time in MeNB due to the late scanning of neighbgraell is
depicted over the variance of
determinationvi,,.. The results for scanning periods= 1 s
and 5 s are presented in Fig. 11a and Fig. 11pecdsely. As
can be seen, the prolongation of time in MeNB igeasing

time, the UEs stay connected to the MeNB roughlytfe
same time as in case & = 5 s. Therefore, we can find a

inaccuracy of speambmpromise between both parameters in setting Ghe
between 1 and 5 s. For these values, the impact on

performance is negligible but we can eliminate even
significant inaccuracy of speed determination astdretion.

with 2(vinac). This means the scanning efficiency decreases

with inaccuracy of the speed determination. Thid fa more
notable for shorteGls. For longelGls, 2(vinac) influences the
results only negligibly. Note that even lo®l and high

VII.

In this paper, the distance-based scanning algorith
introduced. The proposed algorithm exploits thegple of

CONCLUSION AND FUTURE WORK

5%(Viand) cause only prolongation up to 1.5 %, which is nopbstructed paths and the knowledge of previousedséell

significant with respect to results of other altforis (see Fig.

together with estimation of the relative distaneéneen cells

8). The Fig. 11 also shows that even @le= 1 s leads to the for selections of cells to be scanned.

rapid reduction of prolongation of time in MeNB andarly

As the results show, our algorithm reaches verynomber

no prolongation occurs if th&l is set to 5 s disregarding of scanned cells and low energy consumption whitgh h

accuracy in speed determination.

a) b)
Fig. 11. Impact of variance of inaccuracy of speederminationvina. on
prolongation of time in MeNB,ﬁg' ) for different scanning periodt of 1 s

and 5 s (for 100 SCeNBs).

Fig. 11 shows that higher value &fl leads to earlier
addition of neighboring cells to the set of scanoeits and to
elimination of the problem with inaccurate deteration of
the speed. However, earlier scanning of neighboials
negatively influences the energy consumption asqorted in

utilization of SCeNBs is ensured. In terms of numbé

scanned cells, our proposed DBS algorithm outperfothe
MSE-BS and OP algorithms for more than 90 % and®%0
respectively. In all cases, our algorithm reacloeget energy
consumption as well as higher utilization of SCeNBsn all

competitive algorithms.

To avoid performance degradation of the proposeds DB
algorithm due to an inaccuracy of the speed prietictheGI
is considered in our proposal. By using tBein range of 1
and 5 seconds, the maximum utilization of SCeNBmisured
while the energy consumption remains low even faghh
inaccuracy of the speed prediction.

The results show that the algorithm is suitabledtenario
with low as well as high density of small cells. ugh the
proposed algorithm can be used not only in existtg
mobile networks but it is very appropriate also fisure 5G
heterogeneous maobile networks.

In future work, we intend to focus on self-optintina
phase of the proposed algorithm in order to faat#it

Fig. 12 for t =1 s and 5 s. Both subplots of Fig. 12 lead tgutomatic adaptation of the set of cells for scagifia user is

the conclusion that the average energy consumpses with

the Gl. However, the difference between energy consumptio
for theGl = 0 s andGIl = 1 s is negligible (less than 1.5 %).
Even extension of the Gl to 5 s increases the gner§!

consumption only for 5 %. This impact is only maagiwith
respect to gains presented in Fig. 10.

a) b)
Fig. 12. Impact of Gl on average energy consumptiw different scanning
period tof 1 sand5 s.

Based on the results in Fig. 11 and in Fig. 12,usage of
Gl = 0 s is not recommended as it prolongs the timdeNB
while the gain in energy saving is not sufficie@n the other

attached to the MeNB to any changes in its vicinity
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