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o increased the frequency of handover processes. Given the direct
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importance. This study focuses on improving the handover process

using machine learning algorithms and a combination of three
clustering methods: K-means, DBSCAN, and GMM. The
proposed approach refines the features used in previous studies to
optimize network performance and reduce unnecessary handovers.
The K-means algorithm, known for its simplicity and efficiency,
minimizes intra-cluster variance, yet it faces challenges such as
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clusters. In contrast, DBSCAN, which operates based on point

effectively eliminate noisy data points. Additionally, GMM,

Main Subjects: Improving the through complex statistical modeling, provides more precise

HandOver in 5G Networks clustering and a better representation of data distribution. In this
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parallel, sequential, and hybrid methods to enhance decision-

making in the handover process. This adaptive approach not onl
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reduces the number of handovers and their negative effects but
also enhances network efficiency and communication quality. The implementation results indicate that the
proposed method can significantly improve user experience in dense 5G networks, making the handover process

more reliable and efficient
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Figure 1: Transfer between cells in the fifth-generation network
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Figure 2: The effect of increasing frequency on cellular coverage
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Table 1: Related Research on Intercellular Transfer Operations
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Figure 3: Stages of Data Collection and Preprocessing
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Figure 4: Inputs and Outputs of the System
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Figure 5: Parallel use of clustering algorithms
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Table 2: Comparison of the execution order of clustering algorithms
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Figure 7: Combination of series and parallel methods
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Table 3: Important features of the dataset used in the research
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Table 4: Status of the received signal from base stations and its impact on communication quality
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Final Clustering Based on Majority Voting (Parallel Approach)

3.0

P B

~19.84 T P 25
‘"“'u;‘.
2.0
~19.864 c‘}"
15

L] [
b= I
3 - g
2 19881 & 10 4
3 " v
.
0.5
-19.90
0.0
. ‘e @,
- A}
—-19.92 o e 7 ./ —05
"~ ¢ Q
.
. T T T T -1.0
-44.02 —44.00 —43.98 —43.96 —43.94

Longitude

Siloe gy 4 (Al 3 (SaiSTy A JS
Figure 8: Dispersion in clustering using the parallel method
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Model Performance Comparison (Silhouette Scores) Heatmap of Majority Voting (First 20 Data Points)
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Figure 9: Dispersal score and heat map of majority voting in clustering using parallel methods.
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Final Clustering Based on Sequential Approach (K-Means - DBSCAN - GMM)
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Figure 10: Dispersion in clustering by series method

Model Performance Comparison (Silhouette Scores) - Sequential Approach Heatmap of Sequential Clustering (First 20 Data Points)
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Figure 11: Scatter score and heatmap of majority voting in clustering using the series method
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Final Clustering Based on Ensemble Learning (Hybrid Parallel + Sequential)
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Figure 12: Dispersion in clustering using the hybrid method

Model Performance Comparison (Silhouette Scores) - Ensemble Learning Heatmap of Ensemble Learning (First 20 Data Points)
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Figure 13: Scatter score and heat map of majority voting in clustering using the hybrid method

K-Means DBSCAN GMM Meta Learning

85l Glp |y (oS 5 b,y 4 gl 50 o 3ST 6 Sy Sl Jloged 9 (SaSTy Ll polie ((VY) S
Sloby) 4 Camd (e 0 Sdes (S 5 (6 S0l 00,98l AT 040 e samlive aes o isled |y 0S5 S0k 5wl
S Evose onl Jdo el 00,8 Laas g 5 Il US| balies LSl liores Lol @)l (6w b (s5lae Jaine
aS 009y Mg g O30, cmS I b,y ,0 9 0 a8 S oaol sy b (silse R sl Joe 0 4T ooy slosls bla
sy 45 W se LS ey 4y (6355 09 Vo sl gandies bl ol oad GBI WSl 6l ez G A
Loools (658 izt 8,90 5 (a5 s s 4 5 0,5 e |y ol w55 sl Lol s 655 (oS 5 6,50k
G rte 9 Ses Sl ladiss olbnl g calizee sl Jow o (Saloal 2alS LeS paad ol Judov 5 zuls .l oo,
aS 09 oo badgs FuSTy als g cdo olidl cel oS 5 680l (g, Egamme 0 Cuwl K00 gy 50 4 Cad
Db so e Jokw loaSil jo L5 Slmle Co e anT 8 0 5 4SS (gll Giali8l 4 el ol

5P Gl p (P by calre g Lo N-F-F
oy 2l ]y by 99 58 Sblze b oS oo (IO sl (6w 9 Sloe Slats) 5l (o5 5 &5 (o5 5 6Tk b,
O § 995 (5,10 oyt (GaalsS 9,509, (paiz blie 51U Wisd oo 12l (g5lge g0 alite (gl o (s, (nl 5
kol Coyo. S o oolitul (aialiss (gjluwaine sl p it gla by, gl 1 a5 0sd s il (6 pw G330 5y al> po S
2 ogdle DS9S o0 Gl 00 S ae dwsdy Joo pa s Bl [ el (sunades 5lnl 5 <88 Rl g,
Pese G5 0,es S g Bl slaJoe (i (Saleal Jlaiml ol cel Js 5 s5lae oo Ssy S



ar I SARAVAR K ¢ )Leg /Jj‘ O)Lo.:)/Jﬁ‘ JL..:/L;o.u»iH Slewle 9 0db 223595 s (o jO (263 s ‘_g)jbé aloro

(ENALgS B3 g (5310 e e (e Sl JObS Dy LB Bl g g8 el 4 (g oe (o5 5 ) sl S0
&l s Sopoe - JLal 6ol Sene @b 5l )l 428 ST Sl g it Slacelns () s bl 35
SLI> «slse 5 s Slodoe a4 Cand by, (nl 05 Glge 1y Wb sl parass LI SRl JBl el L e
S 31 Jsbos s JES! (6l (ligy lowod (5315 5 ey Laii Ly Wilgi oo g 0051 55V <o

Slaghilon g i oo szl 5l Glosed 1 el (Slowloee (Sauzm (R Gy nl (ol coe o3 Sk 5
Ly i o801 (g5luainge b 5,08 gl ay 5L 5,00 (bt 1o (33105 (sl 5 09 g0 ooliinl (oS 5
e a5 098 Sbml aliie sl Jae 5l slante <S5 U og oobj la 5 (gesl weils Joe cnl Slockais 15 el
L (ol G2t Sl bg, bl &S 009 (ol (giludinte Slatel il Sl s Lo Joo 39,5 5 Shee (0 0 4
sl aly Gl e (g CoinS 4y (Sialy 5 S0k Gisel Oloj Gl S 5 ey calre S0 5laisd ate

Losls S g (guinadigs ConS (b )l oS s 5Ll 9 0 Slos (G jliro (Gaum Lo .V-F

b Gbsy cnl ol @bp)l sbaslne (oolad )0 1) 3 Sas (e coS 5 650k (g, &5 wed oo (LS (B) Jour mls
4 S ) Sigayln (5S0lee 5 SlsPil (i S8 1283 (liae Canl il (65m0 5 Sloe g 99 Lo oSS
80 Sgne Lo by ple

4 o 55 0 Shes ol (25 oS5 5 plojpe b 4 (sanadeS Jae ootz leslatul o 4 (sjlse b,
oialS Gyl S b Jae (y 38l55 pae 8 lae (B p0 e oSl Gl (Ssly pae Lo 4 Ll o jls (g b,
Doy S8

Ao 7oy 4 anals> e wad (Sialy Jds @ ol nlw3)ls (e, Glee jo 1) 0 Ses (eSS B3
oumslid a5 oud ol (gamadis> CuilS il cel g aiS e law Ll ol IS 5o plal ds e glalas ol LS
el bl Canlin SISy g bools SIS il jo Juw lilss pae

Slosainils wols g5 a4y aag b gy (pl 51 <SG yo w0 Sles o lxe 4 a5 L g o(0) Jgoo L Gillas g fgamms o
Sal (8o Lol Sl 5 pds uliie 5 g pw Sjloe by, jlo 1) 095 (o5 culae g Ll (anadgs Baa g (SBilo
A ol a5k g el i ol (B3l oley Ll oyls (6 5VL s (g bg, S sl o Jow e ke,
5 (s S8y ewlie Jobs g osls &l 1y cBs e 3YL oS 5 650k by, g 0 0l e Jus (sl 2]
Ot (el Gileainte b g 00,5 odliiul (5w 5 S3lse slagts; hlie 5l Dlese (s, cnl il 00,8 85 Sle L
ol ools 11 Gg s aw le yo 1) 0 Slas

;&l;.?‘cn&s)w)o O)il.o.c ‘_gLQs)L..xA MLM 0 de.?

Table 5: Comparison of performance metrics in three different methods
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Comparison of Execution Time Across Different Methods
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Figure 14: Execution time of three methods: parallel, serial, and combined learning.
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Table 6: Comprehensive comparison of parallel, serial, and hybrid learning methods.
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Table 7: Choosing the Appropriate Test for Evaluating Results
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Figure 15: Statistical analysis of execution time by one-way variance
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Table 8: Comparison of Stability in Three Different Methods

=55 Sk b, G 49 Slee b, dlie loe
0.85-0.95 0.50-0.75 0.75 - 0.90 o ot &, sl
0.88 - 0.96 0.55-0.78 0.80 - 0.92 25 Lo plie SledL!
Sl Ol G oS YL byl losls 5255 & sl
Sk i Sk payeS Sl b 2S5 @l e oS
(433L504) Lasie o5 ks oL Al slo s & Sy
slazel lzme Yl Ligia N Ganadss o slazel colls

loasos ;s JWal o e gl coslis gonabes Jow S Gl e oS 285 Ko sz o bei,sS 6 b
SV ISRV [N P KUY P SO FRUC g P SUC A YR SO WS ) B CERIN R W
cgo ol bl oo Gl Bl e, CBs g 4l alS ool g a4y Colas «S5lge 5 (6 b3l oS5 s
cailos YU Gilises lads o baadigs o sillas 5 0Bl yiaS gonadss Ol pis wilise slal,l [0 45 59 2
2 ol mbs (sslee slapt ol crm )b ©jge jo cal (e Lol s ls (s lk LH-M 0, 8ee 35 (s5le i,
s 5| (S oS (G50, wodge ooliinl Jhus & jgoas analsS Jao paiz 5l sz gy nl jon 05l Gluys
Gib 5l s oS5 Sl 0% 8 bices ol (See ale ant S ol slatel b (255
onl bl Jds oo Lei 1) (6, Mb lies (ol 6y gy S o0 ST IS5 Shas Sgee 4 2o 25T (55581,
Losws 2, albs al>pe sl 5o STty Gl o el (3 oo (295 & om Jolie ol (Siadly cg9d9e
Peden @l T eSSl carge 5 wboe JLail il S o sl wnil ng hls 639)5 sleesls



Yous sode puly = bl L/ (8l j0 JuKw @508 sla el )l g cuiile (6,50l (slapis ;oS 51 ool b Lo Jolu (o Jlsl ol b o4 Vo

sbl,=l o QT =l @ slazel rals cel @yl slo Jaw slo sl )l adol clodas ay (g, ol ol Sisly ¢ imon

g )5
Comparison of Stability using Adjusted Rand Index (ARI) Comparison of Stability using Normalized Mutual Information (NMI)
%
G %
o
Parallel sequential Ensemble Parallel Sequential Ensemble

Method Method

Lasw.‘;.g”i” 6)‘~3-B.L.’, Snlio: VF wa)
Figure 16: Comparison of the stability of algorithms

ol il 1y e 4Lt anlllas coal 3o bay oayi,hel Olsie 4y oS 55 S0l gy (V) IS b allas ooyl il
sl jo wiloy Blas arfy (6)ILL 5 g8 4 Sl 5 050 0500 Glojed jsbar w5 Slee Slaby, blse
e il 55 Vb 85 @) et 45 |z 395 o0 dnosd oneS 5 8550l 5l ooliciasl w05 VU Corat] ko (o 5lgl a5

ool Spglie (5399

b soigy b ooy (9 amlio IT-F

5 ol 9,509, Ole Yz 5 pal amlie 4 ohg ax 5 (gl (sede liel Cos )0 Guls b I (S
Sy b g pole e Lol 55 i a1 lazs S 15 eslinuls e cyaiey Slalllas o oS sl (glaly (la s,
aw ,0 ol gilwesls  GMM s DBSCAN K-Means anasgs sab o3l a5l eslainl b oS 5 sl
@S csoleinng Joo ool Conti g by Slahg) b dmslie sliwly 5o Ll wenl (oS 5 5 (6w S50 A5 0 s )lone
Sk G JUST Co e 0j9> 50 92,5 0 9 @y he) 99 9 See b (el 5 o0 O jsoar (oS 5 LS I Jal>
55 636 gli] gt § DoedlisS (Vs abible pac 4D gilene (e (SETL (as slaaSl S
Ghie g Sl S Sngin 2 e @) pleear iy s b 3 By, 90 (nl ilead eapais
ok G JUST o e sl p diedigades plad>ol) plpiedr b iagh (50 g Wlosg zilae (2ladrd (6 S prea
cloads olpriay

S P Golone 3 (iaghy (ool gy 45 WS (et (Ol oslsasgaze sl eslinul 5 (s3l5e slagialesl (b L
3 Gt (Joke G JBI 2alS #3509 ao,0 4T L plpy Sdge,lo (12Kl caio )0 WV/Y Jolae  con yion Cdoay aiuslys
AV L ol (235 (Bros (650l sblie plod b oo oligST Vgl albdls  wae oSl hg, a5 Jl> j0 wuly Cewd doy0 A
5 ooliiwl b g lel Jlare 5l po o Shae YS! ol ailosls a5l suo jo AB/F sga 10 (63,5hes 15 (55 i 9 duoyd
oads >yl Lle a5 ams o Hlis g oo (5,155 loline (goabed Sleweas (&S o 10 w0 g ANOVA oe5l
ol g Gals 4 0B 53955 Sla iy S0 310 salanlsd aSl (oo )oNl oS 5 Sl s Fo e Sl s

ol 009 oty Jud 05T 0 gloaSd ;o JEl sloany )8 (gjlwains 5 5 S el S0

Slapi, s Al Gleasas b awlie ;o ooleiin Ghs; @b &30 @byl ol Giegn ks sl 5l Sos (S
la,bbo b lapn o8l szl @ Lo o8 Jolate (slod Sog) (& BN 2 cCesl b Sy (siludingr (o nade>



1Y PASVYIVE® 15 oyt 51 Jlo fosait 55 Slimlins 5 005 255 (6lo s 15 (255 (510 (555185 o

Clop o8l Gl slodsens (solping 9,504, Liou)il &lﬁ‘iéﬁ‘j O yekiiedy (32850 cpl 40 (WUS e o Calise
=S 5 el 6.5, a a8 el (j IS @l ‘5)1.@1 oy N Ao lie ol s 2,5 b g (giluenly JEw
‘435.0.; 6‘1.' w‘ AW @LQJ Q)S.Lo.c )o C"L"' )‘OLJJ.A O% g0 ‘605)5 6L£b§f$ &30 ‘5‘>|).’a)l.| L| ob@ ‘p...a)ji.” dw
=S 5 ohgy &S byl (5155 w0 AYE 1 SSle ek 4 K-means Gl oy 40 Sigeyle (1Sl als lade
wlolis el o suo,s cuid sga> ilidl 5l Sl as el swiley wo o A1V G o ) lase ol golpiay
ohgy &5 Jlo j0 wog w0 A JTAY oL o el by slaaseis o CB0 Fp izmen b o dge sla il
oLl gy 4 b o ool aes &l as s 4Y (oYL (B oA 6“%;}15 b oS 5 adud j0 Cedlyd golpiiny
5 diasan b 5l 50 Al s sy b s3lse 2yl LSl 5l o350 B oad Jols slasgugs 45 S e
(5,95 e 3l LS & golpriny (hg; (nlpln el (late JLSLo b lapl )68 oS 5 LS j0 da Sy (il sie
Hly sbalase jo 63V Gledsl LB 5 wao o &l (6 5 0 Shee Al sbradus I lolixe jsbay 5 Jes ;o 4l

Lol anlg ey Jud gloas

Lo by, plo b (el Jolod A Jgor

Figure 16: Comparison of the stability of algorithms

wlandy o313 £ gi T oNle Cd &y el - gy gk (lee
A~ Sigo,la G5k ad ),
b g 5l ool Mg eols o JUl £y pals 90.2% 913%  yem Sl Ensemble $oldor 55 B9y
< e . s Learning (K- . .
Pl il s Lo o ©M%  Means + DBSCAN o> s,
e + GMM)
S b hals 5 Ulgy Sy Jusl sl als 88.12% 89.41% LSTM + Random ohles 5 Lyt dlio
5ty < S5US ly ool Gl Eorest (2023)
: 3 8 o s (e Deep Learning-
ol wlal> ibwdnd 5 B EYTE Based Handover
Prediction for 5G
636 o 3 oolisu! o g 3 Lurdis Ping-¢ 5 Lials 86.44% 87.63% Fuzzy Logic + 5 Sldyy  dlie
. Al T Dynamic TTT & 2022
b Slopouas ST 1 Liul;9! Pong SEJAS poMm 20 : IRULSL
9wl 50§98 o JUH Throughput Fuzzy Logic for
- 5G Ultra-Dense
wole Networks

oS 5 ekl b o Ghghy (oleriay by, oS 9,8 csmlin plgise (1) Jsuzr b Billae 5 ey Slalllas b anlie o
SYle 5o oadizshae sl Slagtsy & Cund 5 9 Shes ALy (S 5 (SB3l0p JLSle g ganaliss oSl 4w
oSt ) onliiul b Jske o Jl alisd oy 2 1 093 55 03 oLSes 5 Lod allie a8 Jl> o oms 4]yl iy
el b)) sl s soled 5o pels Juloes w3 Lol oS oo ail)) YL S8 5 03l )5 Dot olisS SVsb alibls oac
aslie o Lol ams lai 1) Jsho o Jil L2als anilss o Sen 5 Slosis alie 4 oolitul 550 53 Joo (peizean
o e Sl 03ls Ll (g Fhend mlS (Sigesle Nl 5 IS 2o i el (nl eoleiiny (2SS b, b
otz Dl s tsle s Se sl Shs 5l s xSo e )0 4k ws)lene B I kS & Lol gy (eoleiiay b,
G5p Sl sl slaleiiy @l sba g, b 385 samalio ul .ol 00,5 SLIT iy slaghy,y 4 Comd | 995 (55 5
yeme (L3550 Slasl Gl oyl Ghagh ate el ogzs 3l (Ko 5 005 al eoleia oo o5 5
D oo

ooy | lolediduny 9 (65 azxuii O

2 e aliglys Coz ol Sy ey Jed 05Tt sloaSil 5o (Joke o JUT anl 3 g Baal (hegh opl 5o
ol Spee o GMM (DBSCAN K-Means souaigs o680 daw coS 5 5l a8 w8 @l ke 6,500



Yoo gale yuls — i) SOl / 28l Juens 503 sl ol g ceiile 6,050 slapy oSl 51 onbizl b b Jshos s JUiil o] )5 9g0ge VoY

b ol gileosly 5 (>hb (55 6550k 5 Hlse s slacdle ol Glie ol 2l LS le an (B 5 Loy )55l
005 bl el (5L Lalpd o ol o Shee ¢ Jae (s pdy Sllanil oldl (el
G A V-0

IS e e Glal b aslio [0 qoolpaing oS 5 0,504, a5 sl lis om0 mls Jdss odelCawsds gloazdly
C80 ili8l st S8 Sgup o Jlall slass alS e (guldS slaylas ;o 42 g8 BB dsge il slaes 63l
oS 5 Lo Lol ols il 1) o Shae oy i oo 63l50 55l dyzl o it ) sl a2y Seigoyle (peSiboo 5 oly>3L
Ol led 5 GalS ST Lo)8 ol )8 e sl ple a4 S | 650 oIl 5 28 el sl izl Gloy Lk LS o
S3lwoslyy 56299 S SRy 30 i b (saadisS ool wiz Sl Glejea eslitul ot Slalllas 4y Cond fagh
Lol 5o a5 el slasg, b soleiiy gy @b w0, Shos (Dbl 50 izeed ol (S0l alises (slo iy ;o o]
plod 1o (g loline dguge 45wl ools lid Lo 5 gode Ojsoas g 0T dnlie 5 0 oaid bl b S Lo
el oas Jols ) e asls
rree 3 S olpredr (8L )0 JUSew &508 5l (6 S0 e comdle 6550k slap oS 3L b ragh cnl wales o
s sloastss ps Jlanil anlp sileainge li ) @3 5 aolr 69,50, wilie izl slaybale (5el 5 Lo S
Sl S St g ool (slaaSed Fasedse (b ) s jsb a Wlsi oo it (al @S el 03,5 1) eomy
398 &ly e (ngs (bl sloyiw o

oé.}.yj Olidxy gl p Ololpaiay .Y-0

Sente 9 GoyS Slp SEE s piz (BoR ol 5o AT e B Gl fdod 5 cssleissd mls ez gl
D9 on Sl 151 518 g ey s sloasil jo (oo e JUESH Sy o gl 3 ,Slos

1438 ey 9 (S GuagS (s )Nl (S 4 N-Y-0
Sl @3 5 o0 GMM 4 DBSCAN K-means susle ganaigs ab slaes, oS 5l Giagh ool a5 Jb>)o
OPTICS 4 BIRCH . laes,sS o> b s HDBSCAN aibe sodaigy sloases 5| ST Olidss |0 540

B0 (owyp SFEBS Doty Foduzy sbeesls 5SSl slagy s )3 Jae (215 B 35l eslin

(S ¥ 9 & yiaes b Juo azwgs Y-Y-0
g x8ly Jhe (Cawl Sgazme 03,55 oz p glrosls aST Ll i o wilgs oo oyl eay 5 el )l 6 Fol cuS
S o 51 S o b golprin Lsle LS 0 Co-Training L Self-Training ssle )l ass slo Jow 5l eoliiwl

g 9l Jsbo o JUS G815 3 (xS s S5 5 sl ket

(Sl Gaos 6 SOl sl g, b Jue plesl ¥-Y-0
Sl 5 sbaosls ey Jlss sileoe s GRU L LSTM asile e sboasioss 5l onliiul b Lab ,LisLe anuss

o p)l5 o ) Joe o,Slas wilg oo pleol pl il co wal,8 1) Jolu o JES Gl 9 e 51 (65380 (min
AR Sgupy Db bgy S e slaaSll 5 5,00

ety bl Ll (gl )l posoudd a5 1,b F-Y—0



Vo

I SARAVAR K ¢ )Lef‘ /Jj‘ O)Lo.:J/Jﬁl Ju/@w»i” Slewle 9 0db 223595 s (o jO (263 s ‘_g)jL:é aloro

diadgd dibeln G b wijls | 0g5 ol colre g ble oo 5 g (6 «Silae lo sl 5l plaS o aSiyl aasgily

Refrences:

]

[¥]
(]
[¢]

[°]

(]
[V

[A]

(4]
-]

)]

Y]

['¥]

¢

Vo]

N. Javaid, A. Sher, H. Nasir, and N. Guizani, "Intelligence in loT-based 5G networks:
Opportunities and challenges," IEEE Communications Magazine, vol. 56, no. 10, pp.
94-100, 2018.

A. Biswas and H.-C. Wang, "Autonomous vehicles enabled by the integration of loT,
edge intelligence, 5G, and blockchain," Sensors, vol. 23, no. 4, p. 1963, 2023.

J. Orlosky, K. Kiyokawa, and H. Takemura, "Virtual and augmented reality on the 5G
highway," Journal of Information Processing, vol. 25, pp. 133-141, 2017.

F. M. Garcia, R. Moraleda, S. Schez-Sobrino, D. N. Monekosso, D. Vallejo, and C. Glez-
Morcillo, "Health-5g: A mixed reality-based system for remote medical assistance in
emergency situations," IEEE Access, vol. 11, pp. 59016-59032, 2023.

R. Arshad, H. EISawy, S. Sorour, T. Y. Al-Naffouri, and M.-S. Alouini, "Handover
management in 5G and beyond: A topology aware skipping approach," IEEE Access,
vol. 4, pp. 9073-9081, 2016.

A. Gupta and R. K. Jha, "A survey of 5G network: Architecture and emerging
technologies," IEEE access, vol. 3, pp. 1206-1232, 2015.

K. Maruta et al., "Millimeter-wave fast beam tracking enabled by RAN/V2X
cooperation," in 2024 International Conference on Artificial Intelligence in Information
and Communication (ICAIIC) :¥ - Y¢ ,IEEE, pp. 388-392 .

M. De Ree, G. Mantas, A. Radwan, S. Mumtaz, J. Rodriguez, and I. E. Otung, "Key
management for beyond 5G mobile small cells: A survey," IEEE Access, vol. 7, pp.
59200-59236, 2019.

T. S. Rappaport et al., "Millimeter wave mobile communications for 5G cellular: It will
work!," IEEE access, vol. 1, pp. 335-349, 2013.

H. Nishimoto et al., "Linear cellularization enabling millimeter-wave train radio
communication systems in 5G Era," in 2018 Progress in Electromagnetics Research
Symposium (PIERS-Toyama), 2018: IEEE, pp. 99-106 .

O. Idowu-Bismark, O. Oyeleke, A. A. Atayero, and F. Idachaba, "5G small cell backhaul:
A solution based on GSM-aided hybrid beamforming," International Journal of
Computer Network and Information Security, vol. 11, no. 8, p. 24, 2019.

A. Priyanka, P. Gauthamarayathirumal, and C. Chandrasekar, "Machine learning
algorithms in proactive decision making for handover management from 5G & beyond
5G," Egyptian Informatics Journal, vol. 24, no ,Y .p. 100389, 2023.

M. S. Alam, G. K. Kurt, H. Yanikomeroglu, P. Zhu, and N. D. Dao, "High altitude platform
station based super macro base station constellations," [EEE Communications
Magazine, vol. 59, no. 1, pp. 103-109, 2021.

A. Stamou, N .Dimitriou, K. Kontovasilis, and S. Papavassiliou, "Context-aware
handover management for HetNets: Performance evaluation models and comparative
assessment of alternative context acquisition strategies," Computer Networks, vol.
176, p. 107272, 2020.

V .Yajnanarayana, H. Rydén, and L. Hévizi, "5G handover using reinforcement
learning," in 2020 IEEE 3rd 5G World Forum (5GWF), 2020: IEEE, pp. 349-354 .



Yous ool puly = ab) L/ (8l j0 JuKw @508 sla el )l g cuiile (6,50l (slapi oSl 51 ool b Lo Jolu oy Jll ol b 05 V40

AR

(V]
DAl
AR

[v-]

ARl

[YV]

(V]

(V¢

[Ye]

AR

(V]

[YA]

[val

[v-]

ARD

ARJ

M. R. Mahmood, M. A. Matin, P. Sarigiannidis, and S. K. Goudos, "A comprehensive
review on artificial intelligence/machine learning algorithms for empowering the
future loT toward 6G era," IEEE Access, vol. 10, pp. 87535-87562, 2022.

A. Habbal, S. I. Goudar, and S. Hassan, "Context-aware radio access technology
selection in 5G ultra dense networks," IEEE access, vol. 5, pp. 6636-6648, 2017.

Y. Li and H. Wu, "A clustering method based on K-means algorithm," Physics Procedia,
vol. 25, pp. 1104-1109, 2012.

D. Deng, "DBSCAN clustering algorithm based on density," in 2020 7th international
forum on electrical engineering and automation (IFEEA), 2020: IEEE, pp. 949-953 .

J. Wang and J. Jiang, "Unsupervised deep clustering via adaptive GMM modeling and
optimization," Neurocomputing, vol. 433, pp. 199-211, 2021.

R. M. Abdullah, I. Al-Surmi, G. R. Qaid, and A. A. Alwan, "Energy-Efficient Handover
Algorithm for Sustainable Mobile Networks: Balancing Connectivity and Power
Consumption," Journal of Sensor and Actuator Networks, vol. 13, no. 5, p. 51, 2024.
R. A. Paropkari, A. Thantharate, and C. Beard, "Deep-mobility: A deep learning
approach for an efficient and reliable 5g handover," in 2022 international conference
on wireless communications signal processing and networking (WiSPNET), 2022: IEEE,
pp. 244-250.

H. Wang and B .Li, "Double-deep Q-learning-based handover management in
mmWave heterogeneous networks with dual connectivity," Transactions on Emerging
Telecommunications Technologies, vol. 35, no. 1, p. e4907, 2024.

W. Ren, J. Xu, D. Li, Q. Cui, and X. Tao, "A robust inter beam handover scheme for 5G
mmWave mobile communication system in HSR scenario," in 2019 IEEE Wireless
Communications and Networking Conference (WCNC), 2019: IEEE, pp. 1-6 .

S. Alraih, R. Nordin, A. Abu-Samah, |. Shayea, and N. F. Abdullah" ,A survey on handover
optimization in beyond 5G mobile networks: Challenges and solutions," IEEE Access,
vol. 11, pp. 59317-59345, 2023.

L. Yan et al., "Machine learning-based handovers for sub-6 GHz and mmWave
integrated vehicular networks," IEEE Transactions on Wireless Communications, vol.
18, no. 10, pp. 4873-4885, 2019.

R. Rafailov, K. B. Hatch, V. Koley, J. D. Martin, M. Phielipp, and C. Finn, "Moto: Offline
pre-training to online fine-tuning for model-based robot learning," in Conference on
Robot Learning, 2023: PMLR, pp. 3654-3671 .

S. Sinha, J. W. Lambrechts, A. Bimana, and A. Ashipala, "Augmented Artificial
Intelligence in 5G, 6G, and Beyond: A Quantum Leap," Computer, vol. 58, no. 1, pp. 24-
32, 2025.

S. K. Thillaigovindhan ,M. Roslee, S. M. |. Mitani, A. F. Osman, and F. Z. Ali, "A
comprehensive survey on machine learning methods for handover optimization in 5g
networks," Electronics, vol. 13, no. 16, p. 3223, 2024.

A. Al-Thaedan et al.,, "A machine learning framework for predicting downlink
throughput in 4G-LTE/5G cellular networks," International Journal of Information
Technology, vol. 16, no. 2, pp. 651-657, 2024.

M. S. Mollel et al., "A survey of machine learning applications to handover
management in 5G and beyond," IEEE Access, vol. 9, pp. 45770-45802, 2021.

J. P. Lima et al., "Deep learning-based handover prediction for 5G and beyond
networks," in ICC 2023-IEEE International Conference on Communications, 2023: |EEE,
pp. 3468-3473 .



ARN

ARY

A

AR

[7V]

[TA]

I SARAVAR K ¢ )LQ;‘ /Jj‘ O)Lo.:)/Jﬁl Jb/@w»i” Slewle 9 0db 223595 s (o jO (263 s ‘_g)jL:é aloro

W.-S. Hwang, T-.Y. Cheng, Y.-J. Wu, and M.-H. Cheng, "Adaptive handover decision using
fuzzy logic for 5G ultra-dense networks," Electronics, vol. 11, no. 20, p. 3278, 2022.
M. Alhabo, L. Zhang, N. Nawaz, and H. Al-Kashoash, "Game theoretic handover
optimisation for dense small cells heterogeneous networks," IET Communications, vol.
13, no. 15, pp. 2395-2402, 2019.

L-P. Tung and B.-S. P. Lin, "Big data and machine learning driven handover
management and forecasting," in 2017 IEEE Conference on Standards for
Communications and Networking (CSCN), 2017: IEEE, pp. 214-219 .

J. Tanveer, A. Haider, R. Ali, and A. Kim, "An overview of reinforcement learning
algorithms for handover management in 5G ultra-dense small cell networks," Applied
Sciences, vol. 12, no,\ .p. 426, 2022.

M. B. Patil and L. Math, "A novel approach for optimization of handover mechanism
using metaheuristics algorithms," Measurement: Sensors, vol. 24, p. 100467, 2022.

A. Kapoor and A. Singhal, "A comparative study of K-Means, K-Means++ and Fuzzy C-
Means clustering algorithms," in 2017 3rd international conference on computational
intelligence & communication technology (CICT), 2017: IEEE, pp. 1-6 .



