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Atck Nasery. DAased o NGNLIFT for e Ind0or ANDRnnantation which Sims A0 NORORse usey
eaunad Oualty of Servioe (G0S). The makn ments and coniibudans of Avs SRy a
P 1% POVOUDh A Selased andfyses of 1 riview, SOM v MIvaLre Surveys asd
ohalenpes of LAF 0 DOM ndoor and outdor aowonments. The ssoe
DTCLANNT I 8N O00r SOMMUCason (EO i he pOSSDNRY of ntenitent
. COecinly e X0 Daniivs caused by e ofSiv (LOS) Detwoen e LED
PSR AT 00BN, ANy (e 10 SN Overid. A9 ONY AOTWONK
[-val s30eas rodabAty isspes. TO realle the AF Dot and Soovcand Senefts of Hhe New!
e Gerel o Genoation Notork, chalenges v INJ0OY COMMWNCInon such as ad-

DlnGing and AnsOPaNTg NStWOrk CONQESION (Va0 Conpesson) must De
aessed. The man bonel of s iy & e DOath Mvesigeson of
suveys 0 Doth solecied oriical Beanres and SDomeiR approach  This
SO SO0NS L COmEYehend Ihe Impicatons of NeaT Genevation networks for
NGOOr COMMUNICAtON NATwivks, Davaculady for visdio SoN Communcason
ochannels.

1. Inroduction

n Decomber 1065, the ARPA Network winessed 4 connectind node-10-node COMMWICAtion, which awolved into
bions of iInderconreciad devices 50 yoars ter (1) The ongin of the intemet is maant Yor resousce shaning The
avolaton of he Nead Generation Network, om the 16 10 50 has changed Be wiry he Femet is uitoed. The paradgm
shill from sescuece sharing 10 content sharing & Now taking pRace a5 the COMMUNICHEON Nescuce Mows seers % do

Hgher Sroughput
of Sorvce. However, uthhpnmwmmmuW(ml.mww“h
a3 ther physical nfrastruchure afows.

Networe indepatructung i seslrctod 10 four types of delay, m-wmwnmm
Belay, and propagation Seliry. These challerges ercourige e ndusiry 10 olmingde and shorton the delsy Twoush the
mplementation of Content Distribution Networks (CON) and caching servars. Vs Jacctmon mentioned Contert-Centric
Networking (CEN) n his phancmenal Google Tech Talks in 2006 (4] whete content is narmed Sased on Be contiont tyel!
and bocomes an entity that is relermed 1o Dy iBs content name. This conoppt ransdonms data trangminsion Som previously
ocation Dased (Tecugh IF] 50 Content-2ased (Meough Namingh. AS & tesull, If & user wishen 10 dowrioad & Ne Yom &
Server uiing adsonl I, B uter must frad ranslite the regues! hom & UL addeess 10 an IP addrass usng Doman
Narmo Sorver (DNS) and then forwird £ 10 he locaton of Be comtent. In CCN. the sequest is no longir location-based,
50 any nockes Tt may cache the conient can rmgond 10 Tas teguent The doliyy resfricion can Be reduced by
mplamenting CON Dochusie Mty COman! roguests it 2o redponded 10 Cloder 10 tha users, even coser 10 what CON
Nas 15 ofter. Howireer, This promocol hies SOt Aleviaded 1o plyicll Sunden of the rans mission bomenach. The solution
st Cover 1Hhe eniee ata, conirdd, and physcl leyors.

The taat-paced human commuenicaton and the varkety of mobile communcaton can bo Broadly clasted indo
U0 COMIMNCANION MOSHS. NONHS080d MODETY. IOw 4000d MObIly, and SIatc. HIgh-S000d Mobilty IS an Suldoor
COMMUNBCAION MOSOL, W rORS Kow 20000 MODAy feGgures Minal NANSOVES Datwien NS00 N U0 CON Bons.
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Bom of thase coNGRIons apply whish & USEr COMMUNICINGS via winloss Jevioes. SIatic cONMacions ooourmed in normal
SOONON0S I INGOOr enVNONMONts, Lsing DOth statonary PCs and wirelass devioes. Waelass 00vico Users n an ndoor
SOVRONMON 200 MOS! COMMONYy found N 0F0es, NOSORIS, MDOTS, And rain SIAtONS. aMong oher places. Looking at
the Farsionmation of inteligent networks it can be brought logetter 0 accommodato Lirge numbers of users n 6G
commUncation services, Li-F lechnology Gan sorve as groat orablors for the Neat Geneaation Notwork INGN) vision,
85 shown in Figere 1. The NGN network promises broader appdcations such a6 nano natwork, ilocpented driving,
SOCIONG RO, WNderwaier COMMUNICAton, and mone. The alormentoned A0pRCISONS 1eQuire denser data and
mOre COontent %0 De ansacied and analyzed. This new phanomenon, in wihich data Yawels laster than ever Defore.
FOQUES & prominent key snabler for 3 hgh-spoed data Caresr, which is L-F.
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Figure 1. Neat Genovation Network Vision as acopled fom 51 J§. and [7]

A bresdtrough In physcal COmMunICAion structure s On s way. lmm.-mwl
Commumicasion. eseanch papers 0N wipless COMMUNCAton via Sghts emepes (VLC). Poneernd by Marad
Maas in his TEOGioba! 2011 takcs (] wiseloss cata in overy Ighttulh, he colned e lerm Light- Fidelty which
pgoes e mocest of researcherns. WA o0 e IndO0e wnglermentation of VILC i Ao made
wvplatso by ITU n Recommandaton G 0091 19| Howover, s of nom. only & fow kndwn studes s focuang on De
further Sovelopment of Indoor LR and the challenge of 3 capacly in hohlighting seteork quality of Senvice and user
quality of mperience.

L Bas the potental %0 Be a key playet in the Riare indocr network Comesunication paradiom., whens # could
RTINS DOtSendch and CONGeRtion MELES I The user 8030 Arod Network. Thede scenarios ate roguently encourtered
Whan U RO coers aempt B0 ACCREs the Sarms Galn e sep0 Atodly, SUCH & whon seversl students Aol 10 access
the same Tios af the same T [yTeheonous communcation | of when muliols DArlCpants I the same buldingroom
Aaferpl 1 cOmmuncals via Siaconferencing (el Sme communication). In Both scenarcs. userns’ demancs are high
And Charn &S & resull Of THe S8 MMresl Sama DN MQuUesied M Te Samo D This Shanomencn beguently Caused
Protieneh ! NAOO! COMYIIUNiCRIION, whierd COMUNCEION wits hampered and Miermugnod as 4 resull of fadh crowd data
reguests. Thos, By utizing LiF) communcation, Pedd Ssus may Do miigaied and praventiod bom octurrng n Be
Ature. As a redul, B peoblenma desved for this study are.

1. LR COMMUnscation gasns /esadrth ynosest N redernt yoirs. The cument works in LiF ase centored on

SOhwaie SIMUNOn And NArOWMe CONQUralon COMPOnNents. Howevad, & DOrough inalyes of s ndoor

Enplernan LAlon S SN evOiving, 0 thare & A NEd 10 Survey Cunent NSO LIFT lechndlogy and englermantation.

At axtorsive Sudy Of INA00r LRl natwek Aschiocise i DOLh sOftwire ANEr NArdwitr e enwironements s deermed

POCOSSAY N OMNY 10 NOROVE NatwOrk 1080ul 008 A0 NOuCn NEIWOrK CONSWMOIon,

2 Following point 1), 1 is enponant 10 analyze he implomentation of Li-Fi ar0a OGS s many aspocns

Of PteOrk COMMUMOIBON Urher IYOUN SUrveys A0 DIDEOMELIC ASSOMATH 10 undersiand the siengths and

WOMRAO S0, B3 wad a3 P ChalonQes And OSPOMUATES, It NS Aow MMACINVG AN SMeNgINg 1eChNOIOgeE.

PArtcuiiety i S fSebewinl NS00 COMMLNICMION MO

Based on the dortwed problem, s study will Investigale how Li-F communicaton oan be S\uriner developed 10
faciane 000 Dalancng and achirve Qualty of Sorvice (D05) or Synchvonous and seal-ame YaMic om multiple Noss
0 IN0Or EMWTONMants In e fture. Ths siudy noludes fowr phases of resoarch mahods in o 10 meet CoS
POQUIETNtS And Dalty LUNSersiand The OO fedds of L Fiin nd0or environments. PRase | neviows concepts
And sCho mas Centorad on T reseanch thame Phase 2 is 2 Merature study and evaluation of the Wiest methods. Phase
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evaluation. The 0BoWINg Section goos Ower e reso arch mathod phases i Mlospact
2. Resoaroh Nethod and Procedure

The most smportant 3apect of persuing 3 BOROGIIGNC Neview melrc i locating e most relevant cofecton that
makhes he intended review. The peoblem weh the cusert Merpture s Pad | contairs mary now lopics and
Nhersaciions Detwoon rovies themes, such as Hoso that use the same words but infer d¥erent meanings. The shuoy
n Light-Fidelty, has broad thames, such as Physios, Photographic Technology. and Bology. Knowing e beoad topeo
0 this Seld. perdonming & SySematic neviow DOCOMEes MO IMPOrtant and feQUIes & Metoulous AREMach 10 Ind he
kyy Merature and pot & SCope and bounciares. This section descritos the methodology used 0 conauct the crical
PEVIOW, QAP Corvation Y0 the cestng agproach. which resuts in 3 proposed achiocturg Dasod on he dentified gog,
and the fnal evalsaton,

2.1, Ressarch Procedure

The first approach i 15 roview e concep! and cbtain knowiedge 0 the respocied Beid. This s accompliished
Hvough teo Meps: reviewing fundamental concapts and delining the criscal probilem. To complete e et task, 2 woll-
knomn ourmal oore colecton. Wieb of Scence. is wead % cbtain state-0f-the -t Information on the topic. Addscnally,
Google Scholar and Scopus e alio seleciod oarn the Dread and Sopt 0f Je pic. The key authors and high4mpact
puticatons are then Sered using mined knywoeds such as Light Piceity, L\, and Next Ganaration Networks. Then,
the main articles sesufing from e procecdute Ao then colecied and reviewad. From fe analysed aricien. & &
conchucod Bt he wea n which Li-FL g gaining popuiarity, Is Indoor implementaton. Mytrid implermentaton of indooe
A% SUAdOOr CSMMUNCESON I a0 1und In some of the colliecind anicies. The surveyed aticles s predanied in e
nex! secton below

Because UF and NGN are popuier opica, # i cntical 19 examing Be Sechnoiogy that sumounds Sem. Theselora,
the second task s completnd, which & a SBlogragtec analyss of the Li-1 and s potentad lechnological implementstion,
A of Ihe brve O wWiling, Ihede wis NS DEROGHAOMNGE review Inalyis of Ligh Fideity. The foliowing secton defvis
deoper i the DEROmelre surviy And mnalyss.

Because T U0y fOCuses On coTprehenive Beraiuse and DRAOIADNC Aniiysis, Pats Bros and 0w e
dertved Sand on The neads of B neat generalion nefwork needs and dermand, which reflect polertial AN Ue-Cates .
Amorg e heteccoeneity of devices, he Implomentalion can Do classifed INkS INdoor and Suidoor needs. which both
Rave Thd Own oriQud Chidacienstios, Wihle s study IoCuies Of INAOSr COMMmUCation, shich i IOroughly dacuksed
0 the foBowinyg Chapter, the compoation of Li-Fi msplementation. mhich appies Both ndoor and oundodr, 18 Mso
dacussed 15 provide condent.

22. Bologrephic Survey and Analysis

Thes study USed 0 SySIeMane APpeoadh 10 perionm & Noalur review of 1000 Google resedrch Roms. Redoarch
GuUEdlond guide A& Syiemalic roview (rOcess by defiring e study’s scbyect, cbmdt, and scope [10] I recent yeurs,
reseachers Mave D000 mone ertdtnd n LiF| communscation. The current Li-Fi reseanch contenratos on soltware
SUAtOn and NasSeate CONIQUMION COMPONants. Compronensive Meseanch on N LiF| netedrk archiecihure n
SORME BNd Pardwin'e SMWONMONts iS5 ThOugN NSCESEAry 10 INEAOVE NEWOrK IES0Wes BN 100Ut MWK L0
e Chalenges and OROOMLINEES with IS Adw Bnd extiing 1ONNology . AS A resull, wo Girvelopad the 180wy sesoasch
Quetiond. RO, What is the current scademse slite of Light Fidelty communication resesrch ? and RO What ace he
AALPe COMIMUNCASON rosearch ends o termes of Light Fioelny ™

Ths study ontfes 4 prmary coBootion of koywords ked 10 Thaso TwO AeSoach Questions, which ware
PAOCMOd &8 The MAN S of o SyNonalic Moview MOthod relted 10 reseandn. The IEOWNG SOWDe HDES wire
used 1 DREOMENC ANiySes. UG CRANION MeCOrds, COnderence DADSrS, DOokS. DOOK chapiers, and palents
documents. We used e DEAORONE WONIGUE with VOSwower sORware 10 analyze Ihe OLAOAS Of the cxasned

The magrviuce of The Cots ass00ated with eadh node SpneSes semingl. ofien oled research products, whioh can
Do hghfighied usng Ths Manviey. The S0 of the G005 ropresents e weights assioned 10 oach publcation based on
he numder of CRALONS. We obtained 1000 Roms Mom e database, Spang the years 2012 10 2022 Futhamore,
Wo eachuced articies Tal wone srelevndt 10 Our Neseanch guastions and had been Incomecty Capiured by our resoarch
kaywords. We stck 10 aicies wrimen in English and asciude anscios wiibien i ofher languages %0 avosd rephcabeiny
Issuos 10r o intemasonal communty. As 3 rosult, 151 atickes ware NOTVEd N0 deermad rofevast, and thew
DRAOMSISC results are shown 0 Figuse 2. The overiay COMNS. 28 S0on In the Figure 2. provide & Nnetwork Visealaamon
captured rom the retroved aticles.
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Figure 2. BRAcoolnc magpang resel of Lipht Ficeltly (LR communicatons & ediaved bom Google Scholer

T0 eNSuro SOOMSC NODUSINGESS NG ICASATY, we SIS0 Atrived SOopuS Nesearch Sita COBCHION Uy Ihe Serdar
SYSIOMANC BOSIOMH SERCADed Abowe. W colecied & Meriture feview Of SCODUS resednch, USng INe esidt heywords
from 2012 10 2022 WHEh e SAame atuson Critdda 10 srelevard! artiches, 200 articles wirg chosen and COnidined
rekivart, and Thou DEOMelIC redults ate Shown n Figure 3.

Figue J BOMmetrs mappeg rosult of Lighe Fidelty (LR communicasions 35 mtioved Pom Scopes




Tha rapd development of Light-Fidelty (LHFT) is one of he lastest gaced

advances from intancy

0c hnologcal
10 Maturty, resulling In products hat can panoraie the market The industy as a ey driver of Qrowm, comBined with

A Wie rangs of UseT Needs, Frosents an

for the advancement of LF| lechnology. To name a lew, theee e

PurelUF, wihich was plonoarnd By Peol. Marakd Maas [11] on whsch this rosesrch is based, LinkRay By Panasonic [12],
Trulh by Signdty [13] Lucipaned by Lucited [14] OEM LIFI by Oledcomm (151 and many more . Looking at the many
Nousties that haree TOOCOT The markot. Tho BCACHTEC SOCIOF IS MArEaning s levels and koeping up with technology
Cricad aveas and sophisticated ssues e banyg sorutnized. which include optimization 0 Indoor and ouadoor
SOvEonments COmMMUNICIton Meas N A s, ar and land], gigabd communication, hardware and sobware

Byteidizaton with ArSiconl inteligence, and onergy Prosoreatons

3.1 Servey Resuits on Ingoor Li-Fi implementation

The key leatiure of Li-F) is s abiity 1o deliver high-spead wirsloss communications and s istended for Indocr
communcation. The reascn for this is hat Sght intorfeosncs ocours less Sbequently indocrs than £ does outdoors. The
use of kght in L-Fi brings Senefits in hat Hhare is much less security concem in L) Secawse Sght cannct penetiate
CONOMTIS SUch s bevng Sapped by an intruder. The sechon has locused on the

wals,

recduong winerabdty
areas of BSlometnic analysis of the communicaion capacily banefits fom L-FL

cton fotuses on e sarveyed

Meratiung eview, which acady2es how performance maasures 1o ensure Ouaity of Servcen i the mplementation of L

Fi i indoors.
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3.2 ndoor LiFI Analysis
The peovious study [16] proflses a S0y Il 15 & Qredt and Pleasant wiry 10 bogn he
fumey of LA Sscusson. The Myt LUiF and WAFL network (HUWNeD preserts B Iesh owverview of e
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