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4. Signal Noise Ratio

S5 lo (slagsjl Al (Adlh mu o (SlaSd dgug 1)Ko g a8l 5

blg Y<C<Ne g cwl Wi-Fi o blE Sles C=- &
olis U b olu)8 5l slacgemme g amd o oyl 1) Li-Fi o s
o 48,8 oy 0 5 8L L (Sl Jae SO &8ly 5o il o edl
2 e gl Sadbcwes gbodly casjuw yiSTas a5 gk &
235 o byl bglej den
dlre & jlo Li-Fi g Wi-Fi (adli 6)9ld (ob) Jaa
&lp (Y) g Li-Fi (glp (V) b ollas oS 5)l> 3955 a0 90 opl SINR
[¥] ol oal b3 )3 48 wisb 0 Wi-Fi
R H;'.P

( pd =" Li—-Fi~ opt )r
SIN, Qiu—Fi = k i (\)
R dHZiu—FiR)pt 13
NLi—FiBLi—Fi + z ( . X )

)
S JhEe Ny (JUE s lisl e H((Ziti)m B9d dal) »
&5 il 5 eldcds 5y g9y L (PSD) ylg il
de .Ca.wl Ll—Fi L;u.i):wu.) M .b.l.g dL.QJ )L\b.;o BLI'*FI' 9 OI){)K
ol g oumdgaly 5 S TSpicalsion b adgal e
) (g8l gy Jole kg 598 g0 Jlo)l & sl (6398 Glie £,

[F] ol y55 S e b iyt By fK s o m i
— G;I}zl’l—FiPWi—Fi (Y)

SINRE" . .

Wi-Fi
st JB Jlde Ny o9 JUB 50 (90500 G;I;?—Fi aaly opl
Soxs ey & By g By CwlodinS 0 (8L g L g

A5l o Wi-Fi o yiawd dlais lawgs ool 590 b sliny o Jla!
Sy waSd )3 b ily de) 2 3L lagiagh ool Sl e
il @3 sl )sNl Gl p S8l me 4wl atih

\s . - .z .

(LB) b il wald wedie S )b 0jly b ilugilyie Slles
b b o A5le 00l JWESl xie win b g0 &5 w8l o lal Sloj
ol xS S il oAb Jate Jb oaiSolge ) So @ )8
Olizzen 9 glad g oad Sl Jlos oyl bhas I (S o5 (590
oS yilgte gy SO AT B [A] cudly anld dgng (s il 4
Jisil iz b g b s JS5 @ |y Saml SB35
Ao &l e losd S e odlatnl s yuyy

CobsS (e g qie (991 pied 3 Ygemo s ol (sl g,
2ged 4 93 & Wilgige baydyy cul NS e 5 3 1) JUI
» Wi-Fi ¢ Li-Fi & bl 5l Kl Jsl 5 JUS ool o,
bl aSl G JUI by g5 8 S e Jes cilie slacalb
Sl Jsl ol (g cplply 5 Coms odlatwl 6 Wi-Fi g Li-Fi
0392 (Silwdinty 3 (e )b OJly b (e > el 0 485 L5 >
DyS e B by e 390 Siledie ) S Olyisr

Sl gy (o piwd abail S5 STob 0jly gy cnl Sl edlatl L
0500yl ) by cal b )l S 0050 1y )87 00l e s
PVl &S 20d 0 Juale awyiwd dbi & (Culs) sl 5 (saiejls

Wi-Fi

1. Power Spectral Density
2. Responsibility
3. Load Balancing



AARAY )‘ub & A)l.o‘l') &Y LJL»A c);wlf (ewdigo —& ‘ul).v‘ )lef (AR 9 (B3 (wdibeo Ayl Wy

S @lis opl o ob ialS Li-Fi aSs 4 sadedgsdl e,
4 (o yiwd dai gy Cladl (8L (gl bgy Hb oaiS Jolate o3 )95l
@ By 03l 5l )5 2 g e lacadgazme (05 ki
ol odd St oy o (abad wlinl g 2oy 3,Sles Bl
hwy .bl.» O‘ﬁ)lf L] e u;l d“"" d‘)’. NN O\)'#o 4JL.~\J] :_is Ored
g (2900ly (uilS 3 wyiwd dai b Li-Fi o yiwd abads
S Bll Jlast ¢ gy opl OMSie 5 (Sl 0did gy digd
il ol > Aty GBI (B8 5 > bl 4 ool Jxe
A5 ) omen )85 gy (dlddin gy > SSudie (pl S
ol & s 1) it Cilpedy Comdg (o3l by 38 (Sl
S o0 w2l by,

st 450l S 3 1) (g piod dali QB ggose [Vo] gk
wedly o8 lasysls g e y9 bl (o)sld (e (A
Coly ol 3ygli0 s &y (puyiod o o 5l i ) ]y (RSS)'
Calus pas 500 381 ills Jole S o camai 1y JUSw <8l o
s &l bl g by pdaw S5l (Seal gladsly e
Codyb Ll amd oo g 1) syl Colus gy (55 (S
058 e calpli g 3 (Spe yp Sl 4 G (g8
daiy Qbuwl diwe a3 51wl o 5l e LS axiee g,
ol Lol g dga b (giluaie dline S s 4 Nlgie oy
S dlie cpl o o)h b iy @ya8 sl e Hlade 4 e,
Lol ghie ool o glalspogy opiws dat Qb i)
Shol il bse gyl oad Bl 08l Sluslre (Saomy
O § Bgb e (0903l) (el 8 s 4 1L &SNS o s |,
@ gege cnl iy gy > & Cunl (6x50h g (ot
ol b (Saomy amd e IS5 1) ohe Cuje Sy g 0l aBS
Oy Gha)y S0 Coje Ko Cul SV [F] gy > 5
ol Glowloee (sdiojls Lials

it 45 4 bygpye (ASE) 45l b 033k (055ke 1] 0
O X yio Y/B) U1 caliseo slul (gl J5b e 0 Sy ye bl
s (e ¥ Xy Ve X yia Ve g yio ¥ 5o O X 5o B elo ¥ X ko
b esely ol B i Cp byl plp ) duglie Sy el 0nd
s Gl ol plosl e B0 0 Jwsied sla Jolw ;I edlail
1 (WINNER) o s s> (6,5 ais (g5, jl oMo
2 &S Jolute wloglas lgieay (o)l loidlu) 315 lae (645l
s Gy sp Ol (yiod bl g Juwgied (wyiwd bl
o 2gl) (538w Sl sl 0ud 485 4 L9 0
i 403 Cuol dae e ddb ja ) Jwgied AP sl
509 @35 b 85 Sl GBI D (5,55 bl 385 e 5 Sl
5L ASE (gy50500 Dgd 0 asuine See Sl cpsis L ola sl

4. Receive Signal Strength
5. Area Spectral Efficiency
6. Wireless world INitiative NEw Radio

bgrye slaaSud )3 )b Jols dine) 53 oddizslae (slabg) 2 0ge
ol din by lie 8 claaSil 350 0 Gt 4 WY Sy
Oy SO il bl Sl 4 Gua b [V] o Jke sl Ll
d)‘.’d‘*‘} PRI Sluolre 4 a8 o o3l o9 3 2% Silwdinns
dais Qb sl fsoly 5l dlie cpl jo sddal gy 9 b Lo
099y 93 yb a5 Wilodges odlaiwl Ko (sladSids ) (APS)\ Lo pwd
SLEIPPS on leie slacwogas 5 Sk il by 5
el aSus S IS b 4 00)e8 cwss Li-Fi g Wi-Fi
RS Wk Wi-Fi o yiawd i 5l asle a5 wiS o il 4
oy dall 2l iy il 4 g S (e Ol gy 398 4 S35
159 Byb g a8 e 2al 8B 1y ol o o3ga50 43 1S oS Li-Fi
owyd dads Gl 6555 edgame Wi-Fi ow s db
‘j a & Bl by 4 cplply wad o 8 ide cou 1) Li-Fi
oo onl 4 G b gl Cuje sl Piplue 900 oo
blis obal guiadsn 5l 3)90 (Slwle )b ials ) ([V] o)
ol a8 byl s Sl b ylo g oaw piwnd
03y 48 4 Wi-Fi ¢ Li-Fi 845 sladSs jo (oo piwd alads Gl
alsyo g5 Joli 03,5 o)lil ol 4 dlie oyl > a5 by, .cowl odd
S pgd alsye 10 G Gl 0l 00 drwgi Wilodds Juaie Wi-Fi
e o 03 olaidl Li-Fi aSus 4 il ssilogdl aSs ;o o)

. . Y = “ . -
Sy SNy g Cwl Shete wyeSll S eadaleidy ()
Py SWs )l 5l bl Cansy a4 ey Sl SIS 4 g

A * o e & B Yl. . . .
36 slaie jl oalatul b wlgi o oddpylae by, ¢ 5 yete (giludingg
2 bl ) ews p Slles (gldasMe B SS 4

o) opl pd eddplodl [V ] Cladss aile wlalllas ST COMS
03l dawgs ‘_’)T dlise slacwowd b1y L3 go,lw & dlie oy
b ol Bl daapy g 0l ity codloduiig B9y ¢yl 2 0gMe Ll
Sz )l ey MB sk 4 o] ooty gy lio oyl sled]
ool d2g5 BB Jgone (o yiwd dall Il (b9 9 0dgslae )
@ Coms |y glite Jlg) S byl gl > g5l slate I oolizul
G 1y ol Jdog @b des 1 olee &5 WS 0 dbul b iagh
ol 553k 5 b sl gy o8 o) e et sl Lo
3lge ol (S )lie (i dlen 5l a3l 155 & T Jlo 99,10 392
@ G Lo (o0lgidiy gy Cuje odes domil ) )t o0 il &
sl gl > pb g by Wiedsr Jlg) Uil (iagh ol

9 9y ol o (Al aSes (lp by Jb Jols alzwe [A]
oo wlgn Li-Fi glaaSus (81 o .l 0 )y Li-Fi aSs
O U.:L.a.@ 31 Lol s fb—"’]ﬁ I) u.s\jl.s )L..w) d‘o.)b u.sL.Lo.G
ol & el oy s il el ey cwl (e YL slaoals
o8 y8 4 S bwg Cuddge b oles o 1y olas ool &5 clblwg

1. Access Point Selection
2. Centralized Algorithm
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4. Network Simulator Version 3 (NS3)
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3. Round Trip Time



VFeY ).ub &Y 0)'.4‘:3 &Y Jl.w cﬁwlf (ewdige —& ;ul)J‘ )lef (WAL 9 (B (gwihe Ao uld VYA

o 2 AP el laey® LA

h 4
5 ".‘-r ln_n_g: L L t‘_'-'l'_' PR
, C e I
AP lad) wsbiiss Sl - 5 O SRR sl 2
abogsne AP bows o) e ydas e

(b5, sans cilles alod

cribej sl b 2 Sl v gl

ALl LAP L (39 cype 2] g AP L AP

Silwdend )13l sla il Y Jga

it g, sl ¥ IS

«llesu gla el ) Joao

o ol G, Jae Iplecu ol iy,
Li_Fi sl yelyl intel core iY Y,Y+ GHz CPU \
e ¥ (S 5 s s (3905 4lold) bl glis)| 3 \$ GB DDRY RAM v
o sio bl ) 5 395 Sujed Y \TB HDD ¥
) 25 L8 )0 ¥
\a PR '
s B :i: u":i},} \ & il S el Y0
2 S5 2923 ] Ao 13 e 4 Vs> 2 4 8 leand sl g)llccu gla il
oy ¥ oy a2 5> ()98 Jlil @8 v ¥ U ailen BUTF L owe aSs S oilyn] ooyl 53 il 0
¥ Sl G938 4 )9 Jds s A 3 Cal yio Vo iy Job b mpe o (bl ya g ond ad)S i
AW ¥ w2y Sl oljee A 2re ayle 4 b 93 Li-Fi o yiws alai 505 V8 ¢ 361 1o Cais
- 2 A e U b e e w8 5 5Sop o syt Y0 alobi
\}.Y):‘i‘*;z | ‘(PSD;}%dj;Jo . :: i ol oMo Whosd i sy Jlois! iy b dslas
’\;’i’_ﬁ dl‘b::l)l.{. s » ‘31 Sl oo o 4 ooy 4 cwpiws y» Wi-Fi by JUlS
0 (ABP) Jlmil s 4ot \ 3R (B Gl WiFi s bla olas bl Sl 5,Sas
o (dBP ) U8) el hdgme sl Blpsl Y » osdgae gy & LicFi g Wil S5 4 bame (slayiel)l
s d (ABP 5l an) 4lo padygme bl Glpsl ¥ ol ¥ gl
IRCEAR S50 Jobo 1 3 ¥ 2 dug i ¥—0
@ Yo LOS 9% 93939 4315 o
Y- dBm Jis oy 5 e bl 93 «oloidin o9y 2L L) g amlie jolate 4
500 Y- o JUlS 5 5l (sligy v 5 Jloyl S b)) (ol oS ot j3 b (liee 5 45 3 (23,08
-\V¥ dBm/Hz 329 (PSD) )18 b oS5 A Ty o il 0 WNgd o A Sl jlews Jelgs aSus jo il

w855 )8 gy 3y90 4Sud > 315 Gl g ()l stlgs 3 ool



wa

80

70

60 /
50

40 /
30

20 /

10 J

0 1 2 3 4 5 6 7 8 9 10

Al s AU

e gm odia & 5 e
== GameTheory FL-LB PL-LB =—=DY-LB ==<=Original

S Kbl b 3 il auglie s

Lo adS Gy YL oL L oy JES c owyiwd dais xBgeds
g2 w1555 35 55 plosjl Jale b s £ al33l

oo Suw Kbl im Jol s92)liw 50yl awlio 5 IS5 5
Dges (YL > ol Ghey 3,Ses Gl asuine 45 244 o
P b Pl il Jloel (igd 9 05800 b9y RV 4 S35
ol 03,5 10 (gt iol38l 00l &5 L3l b ydgr i ol 5 035
3 6005 58l wls by 5 a8 ol ol JS ok s o] s
6295 wiyosdl sloals &5 SRl b 15 92,0 (ooleiutiy by, 2 156
oy BB cpyie il b o)S 35800 g BsS)le sk
Jos PL-LB 5l gy 536 aiej 3 DY-LB ¢S lgs o jo5 dunlio
890 s 3939 cpl bl o0y iy PL-LB 23,35 Jla il Lol ‘o090
3 olus 568 by LQ;T ) Sos BMA! adl Lyl 5wl
s 35 ol s )15 (s pesly OS] (ooleibey g b Lol tes
g Cawdds gl a5l [So5 sla by, g lles JS5 5 ol
JUail jl iy WS (o (o g W23 plnil (3L (alrarle b Jols
393 Jelod g, ol @ly 53 oled (6 pSmmonal (oo pin o &,
sbyehl Gl 4 &b (Kb g (B sbyll o) p e
S (B sl pel)ly s pie b coi i cpdy oo plosl (63Sdes
e Cwd pl 5l 60)lge g Alold (M 50 (UK yad wiilo
LS o oyS 5 555 o8 ©jgo aSd (il b bl )3 (6ym
5 @y R il clagyglid b ohga calise e
wlal (ke adbl 3 cdh walps pbal o) 5y Obls)
o lis S dgd o yRSuie Q\ﬁ)lf 5L dy9e F sl Ol).g)lf
el gy o sl pl aije

Ol pbal (1WShe wuwl odd odby lis ¥V SS j> asolis>
a gy 3L WS b liel seled s edly F5 e 15 il
Ol Gly beusgase Bk 5l g dad o dloul JUK ypy cudS
45l e bl 00550 Cand & (sl B s S o g 3B
Ol ety (hg) 52 21 S92 (s blE (o plaaile g e
b plrals ol «SBl5 Gl L g 3)08 o0 maia 4 jlin £9590
) Cuenl 5 xSl ggdge ol b i GRIFI G0
Ohgy s dad plplo fCusld yogy (65058 dl i ol &S

ol ol YL ol g oleals Gl 5l 5YL abie Gpo (oolpiudny

55 lo (slacgjb Al (bl o o (SlaSd dgute 1)Ko g 4o, S 5

[
o

ol Sla sl g 08
Q = N W R U1 N 0O

1 2 3 a4 5 6 7 8 9 10
e pa s 5 Sfa
—— GameTheory FL-LB

S Sl o )3 23,35 duglie B JS5

PL-LB —#—DY-LB —==Original

2158l (slading G man 1So3 Jalge 1 las] cdedy ol
by 8l opien g 025CSb ) (5SS sladiay D 5 36 L
g bleoS IS b 4 aSud (gilodnd 3 cul 0dd (Sgpde
b 4 gapd el cloagl plan 3 (gilodnd )3 Sy e
P a8 goaly Jlo)l &y gy caSied a4 JUasl I g 03,5
adol 600 S S$ P pd WS e oyl Claws 4 Ll o )
S ) Bl S U ol & aagi by (2800 ©)gon)
b oS 5,0 352y (gt abas QB g (glaSd s 5l (L yiuwd LIS
i kS ol sl i Ll Sl B & 4y
Sl g S S5 o)l 9 3383 9 e sz S S (0
ool 0 45, a5 )3 ek

&S odd 48,5 Llas ) aSd  6)S Fr S Sl s
2 Sl oo 12 salss S b g o8 oS KBl waons
g ol ol Loyl > oy b o Cusliag (ol bl o 45
26 cov dagbye om <o) ) i (Jlol shools ol i
Sl oS gl s U 4 (imen S0 58 JUE Ll
cllo b sald oo e bl cale Gl L Uil
By ol odd 48 )T i 1> 0)F Ver Wao)S slawd S S8l
035 oS Wo)S dlaws a5 L8 clbs & Cud g g 0,8 liay
ol 4 g cully salgs grg 4 )3 Sl Sl VL pee
Aol Gl iy duome Jlo)l grozes 5 pladjl JSde i
Al 90 o 0 ke (18,5 5 (gilwand gl S0 5 b cél
ol okl Casdds

ol dusslio gy oS b S Sl 5 s jo (20,450 IS5 5
i gy S o dlols Cuwl pastie 3908 ) axsle cwl
S (g yiwd dla QB! 02)oS g G oAU SSon b
2 ome iy gy ) | tcul pastie 5 ol sl o
il as Bl cpl b ey 50 Lol o canlie o yiwd dlais Gl
olye L [¥] 3 ke 636 ojlys gy 2 & sl al S 4SS
G s 4 e sl o 5 oLy Ll b 35 FL-LB
Sy 4By b (23)05 L5 3)90 03> 25 (nSlee AN L pldjl
Omen S0 by 390 ) E9d9e Cnl eimen d9de 9y%g)
35 [A] > zhe DY-LB 5 [YY] PA-LB olsis b ols ig sy
D38 o0 Dyguo &S yiawd A Gl (D s |y S o Bao
& obcdlyj jl eolatwl Jdoas (eoleiins hgy jo &5 b
i 9 BsS)le 6l ysE gy by cul 2Vl (23,3 ()

1. Fuzzy Logic-Load Balancing



V¥V ).ul){ Al b)l&uf’ Y Jl.w ¢).»9Mal§ (ewdige —& ;ul)Jl )lef (WNRR 9 (B (gwAiReo dq)w YA

120

100

480 e a3 Al
=] =]
o (=]

0 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
I ap5a 0008 £ 5 (8 a
—4—GameTheory FL-LB PL-LB =—M=DY-LB ===Original
OSoas Sl g s o B3 b awlie A S
3

~
] [

RIS A e 5Ela
-
- w
|

05 4 - //(—/’L‘b/\
0 = T T T T T 1
1 2 3 4 5 6 7 8 9 10
Ty pa s & 2 E S
—4—GameTheory FL-LB PL-LB —MB=DY-LB =—=<Original

O Sl ey )8 e plbals dlus (ke auslie - IS5

Al K> oy g iy by 2 AT R JSS
L oalie ool o b jlhged Loy ol oid duglie S S8l
GQS ‘(635"& )9:>u) )13545 slael 4 LEY bl 9 Ca t;..& sbaedls
A4 5 olddn by deril by pled sly Hge
A6 U8 el & s ek & 5 Lol Sy e
L)% Bkl g canVl Sl ol ()b ) bl )3 0l (i
OOVl Cago g o 2l s j0 0L pladjl F 5 cawlgn yd iol5él
@ 4l e A dgas 5l b ooleity gy yd sdie ;b ol
asbleo A 935 5l FL-LB 535 5 5 by 45ken 00 S5
el 3 el VL b 3l oimo L oS odpesy 4l As 4,
P> Souliw > o)l 5l 0590 £ il @ ) alrale (Lo
Do o aduie CpSws Sl b
£5 oSle Sl & S o lrals s Sl Ve S5 5
2 ol 0aid 03l isled pSiw Sl clls 45 lp)l8 5o 580 03l
eyid BB o ol)lS ol dlas & cul pasute JSG 0l
Comd Cpipon Cunl 1503 o) I it slews (dleddi B9y
A o i |y (¥ 2gas) (o0l Ll S Sl el a
4 Lol el pllbolas] sl OT JUE" e by O%Sj Cowddy >
i s gyl ol 3 D0 Jooo Alip planw & Sl o
3 2p 90 @ Al oty (PSR 4 Cud Gl bl
o bulps gl cama s (0 samd i &S sy e
e (gl s ol ey gy 4Sad 5 JUS
g Brae Sipl bl 5l 38) Sl (6S0he dadiny cél aile
st SaSed )3 (g o dlas QB gla by (b)) 3 Slge
S calisee (glo jigy ded Ban (IS job &y 0,5 48 ool 590

[

0.8

0.6

FIS A e (il

0.4

0.2 +

o a)gasiia £ o8 da
=—4#—GameTheory FL-LB

S Kbl b 3 S bl ke dulie ¥ S5

PL-LB =#=DY-LB ===Qriginal

ol wlBa e a8
IS

3
2
1
[0} T T T 1
1 2 3 4 5 6 7 8 9 10
ok 253 aia £ 55 Bl
=—4— GameTheory FL-LB PL-LB =—@=DY-LB ===0Original

O Sl sy (2)38 duglde A S

(535 Bpae doril batizjn (S oS Jrant 5 3 ol
B 0wt > (Sl mle g &S mle 5l edlael oo
Db plol gyt 4nje By ool gy 2 2hE 2RV
& Cund ol V0 290 0 (odlpiin gy 40 b obals pl olas
orl bl gl cawd a4 JLE 55 Lol il 505 (sla by, o 5o
D2 Wl (Sgeia BB £gsse

ol S Sl gy a5 A SS 20,35 awglie ol
03,8 Iy gy G byl g0 o iy OB &S CuS g e
S G S8 G 4 ety gy D wimen
ool 33,b 5l canlio AP Gl Yol oS canl ol e s o 4zl
Sl b S peboay el 0ad LS Gl cage o3k sy
lige b il 5l onli Ll g 39 e samlin Sl cdl Sl
2l Sple SeS (oL Lads ) anuly S5 hg) b YL L
LDY-LB  PL-LB (sl i, (pwizxen 9 FL-LB i, o> 4o
O b 58 e ool By o Sl gy, (3L s
carge yudn bl coyl leelins g olp)lS & cul plagle;
Ol )1 dg2g aSud Sl gl Cuslgdyd g 29800yt pldjl
S8l el e s S ASd 59y p Sl g o) Gl o
5 g daled oSilex slojlul U Jb o 4 an )81 g salgss S
J55 ity A5 b (3 g CabS o)l Gl L ol 5l e
Cumdy g gl & (S sphJess | Gl oal Wl Iy
Syl 4

1. Handover



AN

Oged byl 5l (S byl Jore gl ool 5
s a ded onl 5l ea)lge g aSud > cdlie e @SS by
wald oo (nl g slaginggy ) Cunl dal 3,55 wal)3 (aseie
5 LolegSyl 4 canl (glo 1S Come 55 SIS (pudige Eomy 253
g GleMbl wojls bogd come pl 4 3955 )00 (o35 (sl yuiie
w2l ol Jore dsdo (pl )5 &5 Conl glod S sl lardinj i
G by Lsl oyl sbaSus oo 5l dade cpl a4 3oy 00,55
2 oizzen Al o] )3 s ol WIg e oloti g, d9me
548 3905 3 ye ol sladSid (9 2 Olpen oan] Olaig )90
Widd o s 1y JUSaw (sloylid) 05194 ¢ S o odlainl (g)5lid oy
S5 3 e Aimd e i ) S sl o sl ofgey
ol 2 90,8 ol (e &Sl G plgis 4 K> el ]
1y obgy ol Moo 3905 talesl 35 55,50 smaSis 250 13 1y b,
ool o Cilive clbdSed sloyioll s b 5 o byt
9 09 ol Sl oSy i dgme ) bl g (Swld il
Jod g s @l g 50 il edlil wilise sl
D95 03365 oan] lallas 5> Wlgi o 15 Faels

&l

[11 W. Yunlu, X. Wu, and H. Haas, "Distributed load balancing for
Internet of Things by using Li-Fi and RF hybrid network," in Proc.
IEEE 26th Annual Int. Symp. on Personal, Indoor, and Mobile Radio
Communications, PIMRC'lS, pp. 1289-1294, Hong Kong, China,
3 Aug.-2 Sept. 2015.

[2] W. Yunlu and H. Haas, "Dynamic load balancing with handover in
hybrid Li-Fi and Wi-Fi networks," J. of Lightwave Technology,
vol. 33, no. 22, pp. 4671-4682, Nov. 2015.

[3] D. Tsonev, S. Videv, and H. Haas, "Light fidelity (Li-Fi): towards
all-optical networking", Proc. SPIE 9007, Broadband Access
Communication Technologies VIII, 2014.

[4] H. Haas, L. Yin, Y. Wang, and C. Chen, "What is Li-Fi?" J. of
Lightwave Technology, vol. 34, pp. 1533-1544, 2016.

[5] T. Dobroslav, S. Videv, and H. Haas, "Light fidelity (Li-Fi): towards
all-optical networking," Proc. SPIE 9007, Broadband Access
Communication Technologies VIII, 11 pp., 2014.

[6] W. Xiping, M. Safari, and H. Haas, "Access point selection for
hybrid Li-Fi and Wi-Fi networks," IEEE Trans. on Communications,
vol. 65, no. 12, pp. 5375-5385, Dec. 2017.

[7] L. Xuan, R. Zhang, and L. Hanzo, "Cooperative load balancing in
hybrid visible light communications and Wi-Fi," IEEE Trans. on
Communications, vol. 63, no. 4, pp. 1319-1329, Apr. 2015.

[8] W. Yunlu, D. Ushyantha, A. Basnayaka, and H. Haas, "Dynamic
load balancing for hybrid Li-Fi and RF indoor networks," in Proc.
IEEE Int. Conf. on Communication Workshop, ICCW'1S5, pp. 1422-
1427, London, UK, 8-12 Jun. 2015.

[9] H. Christopher and J. Yang, "WiGiG: multi-gigabit wireless
communications in the 60 GHz band," I[EEE Wireless
Communications, vol. 18, no. 6, pp. 6-7, Dec. 2011.

[10] W. Xiping, "Two-stage access point selection for hybrid VLC and
RF networks," in Proc. IEEE 27th Annual Int. Symp. on Personal,
Indoor, and Mobile Radio Communications, PIMRC'l16, 6 pp.,
Valencia, Spain, 4-8 Sept. 2016.

[11] 1. Stefan, H. Burchardt, and H. Haas, "Area spectral efficiency
performance comparison between VLC and RF femtocell networks,"
in Proc. IEEE Int. Conf. on, Communications, ICC'I3, pp. 3825-
3829, Budapest, Hungary, 9-13 Jun. 2013.

[12] W. Xiping, M. Safari, and H. Haas, "Joint optimization of load
balancing and handover for hybrid Li-Fi and Wi-Fi networks," in
Proc. IEEE Wireless Communications and Networking Conf.,
WCNC'17, 5 pp., San Francisco, CA, USA, 19-22 Mar. 2017.

[13] S. Sihua, et al, "An indoor hybrid Wi-Fi-VLC internet access
system," in Proc. IEEE 11th Int. Conf. on Mobile Ad Hoc and Sensor
Systems, pp. 569-574, Philadelphia, PA, USA, 28-30 Oct. 2014.

[14] A. Basnayaka, D. Ushyantha, and H. Haas, "Hybrid RF and VLC
systems: improving user data rate performance of VLC systems," in
Proc. IEEE 81st Vehicular Technology Conf. (VIC Spring), 5 pp.,
Glasgow, UK, 11-14 May 2015.

55 lo (slacgjb Al (bl o o (SlaSd dgute 1)Ko g 4o, S 5

oSl S Ly iolisl o Slas (ol dnpp g sl DSles 5 S
sobateds (o3l 09y (28 ¢S b Ll 53 390 salgs S5
o5 o bl 51 33,500 pasiie SlS plodjl g5dy 1 oSl
Sylse 3l ool 5o Lol i iyt Mol 1y aSd Layl o Ailgs o
L plol s gllad b1y o e Alg5 oo

B 5 Slae (oolpitin prlse ol Cavd 4 oS ol 4 ey b
23k el w3 oo Ui 395 ) lie (23]L 9o 13 9 31 (JoiB
903 aSud > Wlgiee Y g 9 ok culdy laulyd ) ofagey gllas
ol ety Sbhey b duslie > (ool (sbg) S Iy sy
aed 3 g o3l (Ui 365 5| gd oS DY-LB 4 PL-LB FL-LB
odalcundd gl 3939 b 3o S5 cdls )3 sl 03403 Jos yio )l
SSon & comd oty gy 2 o 2D VT iy
cbisy b amlio .l aily céyiy 30U L jl FL-LB
s 4y Jlde ol 5l yiie (o5 deme Lil58l 55 DY-LB 4 PL-LB
lyods 38ee s Blyial gd gy b dwalie 3 iomen oo
e Vool Pl o] 5 Sles S g o g o3l L5 g3 5l o0
] oby%oi@@@ﬁl){"

ST ) g (5 S aoeis 1

bl obsl 18T bk oily by ghey wheek ol
B9y Ol Cal 4B)S )3 (s 3590 B9 5le (g3l ulial (e
0)5 o sl il @i 2l 2D 9 4SS )5 oS ) 4 dxgi b
by gy Cpitred S o (et (awywd dbi bl o |,
ASed A o S8 4 sl i )l (il b il LB (B9 S
ol S Gl b gy cpl ey Pl dab 4 (Jailyd e
2 5 93k emd g S5 & (el )3 035 ol Gl
355 5l Sl (g BB 3Slas il YU aSid g o s
2 e (0le (3 Seshe sl B 5l &8 (Sl b g aey ol
st 9 Sl i5e JUSI g 0k il sl (e sleasid )
MalS oyl 3535 honylS e ledbl o b 4 ol Sl
S asled yioliel 1y aSls (20,05 bsy cpl Ceored )b Slgd e
2050 i 4 305 290 SblB ) cnl 2 o2 gt 29y ol L
e S sladeely b Sy g ol dilise Slodals  ogMe
2 by oy |) S menas sl o 5 29290 slojally S
piole oy cnl cuiy e 908 )y ol o 1) snie slajl )l
SaaSed ohodr g mawie (dove ladSd 59y p Aej > (Sude
ol elydgiome o byl b dblio &S cusl Li-Fi g Wi-Fi sl
B 390 gy CokS b dym el slaieds |y aSis ()
byl Sogy sl bol o puxiio (ga> b b 4 (63929 b .Cawl 03l 53
Yo sdy S ol gseme > Gk cnl > dliday e
S4By 9 (s> dlads QLI Tl adr (o) & s (G0
A [F] o oolin b pille 4 cund ) sdopd Ve bgas
oxs3l,l (ool (sl hgy A Camd LBy VO dgd> pimen 28,5
Sl ool siiedgw )5 a3 plgis [YY] 5 [A]
Oy S b elyen ol (5,54 )3 Sl e (olatiy o yiod s
S g (i 3505 @ llie] s 4y Cuns Fied 08 Wl J S
2 ol laly GBS 58 ki slaghy) dins dai
S ol o gage (ul & Adloe qwyied LB (G 4SS

ool bty BB orologr gy ol



WY 5l O plad FY Jlo gaalS oiipe = 0] Jonels (oditen 9 B3 (ooiten 285 VAY

[37] R. Ahmad and A. Srivastava, "Optimized user association for indoor
hybrid Li-Fi Wi-Fi network," in Proc. IEEE 2l1st Int. Conf. on
Transparent Optical Networks, ICTON'19, 5 pp., Angers, France, 9-
13 Jul. 2019.

[38] N. Omar, "IoT and RFID in supply chain: benefits, barriers and
analysis," International Journal of Research Publication and
Reviews, vol. 3, no 2., pp 334-358, Feb 2022.

[39] M. Ahrabi, et al., "Mobility aware load balancing using Kho-Kho
optimization algorithm for hybrid Li-Fi and Wi-Fi network,"
Wireless Networks, vol. 30, pp. 5111-5125, 2024.

[40] M. L. Littman, "Markov games as a framework for multi-agent
reinforcement learning," in Proc. of the Eleventh International
Conference, Rutgers University, pp. 157-163, New Brunswick, NJ,
USA, 10-13 Jul. 1994.

[41] W. Y. Liu, K. Yue, T. Y. Wu, and M. J. Wei, "An approach for
multi-objective categorization based on the game theory and Markov
process," Applied Soft Computing, vol. 11, no. 6, pp. 4087-4096,
Sept. 2011.

[42] J. Hao, Y. Xue, M. Chandramohan, Y. Liu, and J. Sun, "An adaptive
Markov strategy for effective network intrusion detection," in Proc.
IEEE 27th Int. Conf. on Tools with Artificial Intelligence, ICTAI'lS,
pp. 1085-1092, Vietri sul Mare, Italy, 9-11 Nov. 2015.

[43] W. Xiaofeng and T. Sandholm, "Reinforcement learning to play an
optimal Nash equilibrium in team Markov games," in Proc.
Advances in Neural Information Processing Systems, NIPS'02, 2002.

[44] L. Cheng, D. Ma, and H. Zhang, "Optimal strategy selection for
moving target defense based on Markov game," [EEE Access, vol. 5,
pp. 156-169, 2017.

oSty I gaels g i3y 3 1) 395 (b5 S adls, S5 5 oly
I Sl g (sgan Gign ad)l lid )l Shue 5 WAV Jlo ) 958 ]
i WWAD Jlo I (g9 20,8 <l pn WAY Jlo 0 ls Slidss g pole olSiily
Jols g5 Hiios sladinej 5 ol gled s oMl ST o8k Lole cla

sl LiFi 5 WSN (505 (53130 dOT (e gmn jogn «Silyy

&by 0 WAY Jo 1) wlid)lS ahie )5 1) 568 OMaass 831,500 dpos
bl 0 35 e g 15Ty ool 31 oSl 5 5Bl il mals odige
Spld (podige 41d) 3 VAP Jlo 3 | 3 bl elid)lS Sye g b,
03,8 351 (g3 oy LoDl o1 olKetils 1 g igmels (slodSus LialyS leMbl
Slose Jial)S Famels (podize 4l )3 1) 395 (185 S)pae bl pizmen ol
23905 351 VYAY Lo 5 (gl g colisios pole anly ool 215 olSeisls ) igusels’
aolg T oty ele Sl cogae 4 WAY Jlo jl o0l;,S0 18 aebl p3 .l
O3 9 ¥ & Jgiie 3550 ol R sy )3 (5STen 5 oael)> sy
Wil Slegdge Jold 5 039 gotte 03ppl Mo )90 (oo slaaie) aidl oo
9 A.S\ub) Y dlﬁw (CJLA Copde ouw 2 Lgllbd.go.w » 9 dlmo.b‘

Fom| 59\5 odl>

S pomels awdine dtd)y 3 1) 63wl )S Syne (dVed LB laad e
5 Ayl wlidylS 5 AYYY Jlo jo ol (olyes (TUST) lp) caio g ple oKl
(AUT) 1S ol imino o8y 51AYAC g WYY Jlo 3 iy 4 ) 065 (58
Sligios S50 Siagh olyge & W Jlo 5l g5 08 <8l lnl ol
WS o Cadlad Al Co pde g Sloss &l CuaS aej jd (ITRC) ()l @yl
JL> 20 9 Cowgay ).uS).a.al (SR oKl )}W\S (WA 05; 4 WWAY JLu 2 &9
Jolis g 039 gaiio 03pl aBMe )50 (cale (gladine) .l ol () Sliwl ol
Sluwle g &3 Cople ()lfley oad iy SlaaSid il Slegdge

OGS el oS> 1y figmals qwdiee (i) Syte (Sloo) 3gmumme ool
i imino oD Gl Ty panelS cwdine wiyl aolid)lS Syae AYVE Jlo
oRisly jl yauels” awdige atd) j0 1) 295 (63585 SHae o WYY Jlo o lyes
FomolS awdins 09,5 dliwl polbs Jb )3 (59.0,8 €dlb> WAY Jlw o o)l,05 TAU
5 OMoe o dllie Yoo I L adiang HKenodinn g gl sl (oDl ST oKl
@iy Slopium diej ) gl Sl 3o cuwl (B lagulis

sl (oSS Slwlors ¢ bl i i

[15] L. Lu, Y. Zhang, B. Fan, and H. Tian, "Mobility-aware load
balancing scheme in hybrid VLC-LTE networks," [EEE
Communications Letters, vol. 20, no. 11, pp. 2276-2279, Nov. 2016.

[16] K. Abdallah, et al., "A hybrid RF-VLC system for energy efficient
wireless access," IEEE Trans. on Green Communications and
Networking, vol. 2, no. 4, pp. 932-944, Dec. 2018.

[17] A. Omar and R. Hingst, "Improving the retailer industry
performance through RFID technology: a case study of wal-mart and
metro group," Cases on Quality Initiatives for Organizational
Longevity. IGI Global, pp. 196-220, 2018.

[18] S. Kapp, "802.11a: More bandwidth without the wire," [EEE
Internet Computing, vol. 6, pp. 75-79, Jul./Aug. 2002.

[19] W. Francesc, S. Barrachina-Mufoz, C. Cano, I. Selinis, and B.
Bellalta, "Spatial reuse in IEEE 802.11 ax WLANS," Computer
Communications, vol. 170, pp. 65-83, Mar. 2021.

[20] Y. Perwej, "The next generation of wireless communication using
Li-Fi (light fidelity) technology," J. of Computer Networks, vol. 4,
no. 1, pp. 20-29, 2017.

[21] D. Tsonev, S. Videv, and H. Haas, " Towards a 100 Gb/s visible
light wireless access network," Optics Express, vol. 23, no. 2,
pp. 1627-1637, 26 Jan. 2015.

https://noktestan.blogfa.com/post/22 (WiMAX) wSasly — [YY]

[23] W. Yunlu, et al., "Optimization of load balancing in hybrid LiFi/RF
networks," IEEE Trans. on Communications, vol. 65, no. 4,
pp. 1708-1720, Apr. 2017.

[24] W. Xiping, C. Chen, and H. Haas, "Mobility management for hybrid
Li-Fi and Wi-Fi networks in the presence of light-path blockage," in
Proc. IEEE 88th Vehicular Technology Conf. (VIC-Fall), 5 pp.,
Chicago, IL, USA, 27-28 Aug. 2018.

[25] O. Mohanad, A. M. Salhab, S. A. Zummo, and M. S. Alouini, "Joint
load balancing and power allocation for hybrid VLC/RF networks,"
in Proc. IEEE Global Communications Conf., GLOBECOM 'l17,
6 pp., Singapore, 4-8 Dec. 2017.

[26] Z. L. Jie, J. I. Hong, L. I. Xi, and Y. W. Tang, "Optimal resource
allocation scheme for cognitive radio networks with relay selection
based on game theory," The J. of China Universities of Posts and
Telecommunications, vol. 19, no. 6, pp. 25-62, Dec. 2012.

[27] C. Tsao, Y. T. Wu, W. Liao, and J. C. Kuo, "Link duration of the
random way point model in mobile ad hoc networks," in Proc. IEEE
Wireless Communications and Networking Conf., WCNC'06,
pp. 367-371, Las Vegas, NV, USA, 3-6Apr. 2006.

[28] A. Souri, A. Hussien, M. Hoseyninezhad, and M. Norouzi, "A
systematic review of IoT communication strategies for an efficient
smart environment," Trans. on Emerging Telecommunications
Technologies, vol. 33, no. 3, Article ID: 3736, Mar. 2019.

[29] S. Murugaveni and K. Mahalakshmi, "Optimal frequency reuse
scheme based on cuckoo search algorithm in Li-Fi fifth-generation
bidirectional communication," IET Communications, vol. 14, no. 15,
pp. 2554-2563, Sept. 2020.

[30] E. Masoumeh, M. Ghobaei-Arani, and A. Shahidinejad, "Resource
provisioning for IoT services in the fog computing environment: an
autonomic approach," Computer Communications, vol. 161, pp. 109-
131, Sept. 2020.

[31] L. Si-Phu, et al., "Enabling wireless power transfer and multiple
antennas selection to IoT network relying on NOMA," Elektronika ir
Elektrotechnika, vol. 26, no. 5, pp. 59-65, 2020.

[32] O. Mohanad, A. N. Salhab, S. A. Zummo, and M. S. Alouini, "Joint
optimization of power allocation and
load balancing for hybrid VLC/RF networks," J. of Optical
Communications and Networking, vol. 10, no. 5, pp. 553-562,
May 2018.

[33] A. Sudha, et al., "SDN-assisted efficient LTE-Wi-Fi aggregation
in next generation loT networks," Future Generation Computer
Systems, vol. 107, pp. 898-908, Jun. 2020.

[34] Z. Wei, et al., "A self-adaptive AP selection algorithm based on
multi-objective optimization for indoor Wi-Fi positioning," [EEE
Internet of Things J., vol. 8, no. 3, pp. 1406-1416, 1 Feb. 2020.

[35] M. Soraya, et al., "Wireless system selection with spectrum database
for IoT," in Proc. IEEE Int. Conf. on Information Networking,
ICOIN"21, pp. 203-208, Jeju Island, South Korea, 13-16 Jan. 2021.

[36] P. Bhanu and J. Malhotra, "QAAs: QoS provisioned artificial
intelligence framework for AP selection in next-generation wireless
networks," Telecommunication Systems, vol. 76, pp. 233-249,
Aug. 2021.



