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Abstract: In order to improve the performance of the visible light communication system, the heterogeneous integration of visi-
ble light communication technology and other communication technologies can make various technologies learn from each oth-
er, enhance the capacity of the communication system and improve the utilization rate of resources. The methods and develop-
ment status of the integration of visible light communication with power line communication (PLC), WiFj, ethernet, long term evolu-

tion (LTE) network and fifth generation/sixth generation mobile communication technology (5G/6G) are introduced. The future

development of visible light communication heterogeneous integration system is prospected.

Key words: visible light communication, heterogeneous integration, ethernet

03l5F

Al LG AE (VLC) & FIFH &6 4 (LED) #E47
o AR A% B i aE £ O X0 B BB RE T P BE i |
s 98 58 AT BE  JC T IS UGIE AL s B T
N 7 S e e R BRI BT A0 B B A 4
KT B AR A B S0 5h A H VLG 4L 76

Wr#m B .2022-11-23,

E&®E., Pevig Ea0" AT H (2017ZDCXL-GY-06-01) % Bl ;
VG2 M BHEADH 51 9350 H (201805030YD8CG14(12) ) ¥E i BeVE A # &
JFRMIFT I35 H (NO.18JK0341) % i

YEH B R HE (1989— ), Lo BRVG VG % A BT+
B FR T AR, 32 2 Lok 15 £ 40 P I
VAT R B AR OB I AR 2017 4RIk ARA3 48
PR 3 I U 7

*EEEE AERE(1962—), 5 W R B
VG 200 T s ok HRE 10 3,
FE T I R WO G e SRR | iR
MUHie 5HR

10 A AIE A e 2023 45 1 ]

Y7 W 28 AT /N | AT A% i e B A A
I Ty BB L LED 9l il 4 95 32 PR AF deom TR, A
24 Ve S HEEFER ALY S B EZ i &
PG RS A S ABOR I AN R, A%
A A A VLG 5 ) 23 {7 (PLC) WiFi, BL K
WK E (LTE) 4 58 AR/ 7S A0 3l 15 £
R (5G/6G )Rl 19 5k K e 3R

1 VLC 5 PLC Rtamt&
1.1 VLC 5 PLC BHIREA R

M, BG PLC M VLC B T2 00 2
— TR K R /i AS e J (DF/AFR) B2 RIS 4k 78
HL 2 b A5 B AT g R i KIS 8 LED ; 0 —Fl &
TR Rl G R BIXT PLC A5 B AN 38 b 488 5 4% B
FAR AR B 12615 5 3 A LED, PLC 554 LED & 5
J& , VLC #EW0m 5¢ AR 5 1 il i)



Tl Y W ESIE (B

1.2 VLC 5 PLC RMm& % RIR

VLC #iARTEEF R Bon T BRI EE I
SEHHT 5, 2002 4F ,KOMINE T % AL VLC 1 PLC
A, I S A 5 TN 28 R B A R B 22 5 N IR

& NTHE PLC 1 VLC R B2 fil G ) JE Al b 42t —Fh 5
A 4% (SEN) R Ge it I %8, 3R W98 T PLC-VLC & 58
M7 ERAY 2016 4F ,CHANG J A %5 A% PLC 5 VLC
RGANGE A BT B — 25 i R i A A S 4 4 | IR
ffi T PLC-VLC Rl & RE Rt . 2017 4, %X PLC-
VLC Z %0 (1) WU 8 5705 Ak 71 7] 81 ALAIN R N 5 AP
i HAE S B0 11 Welch J7 3% HEHi (5 8 e F 0 b, 45
% 1 k% AEE (LOS) &% % A HE A8 BB (NLOS ) £ i 3
£5 X PLC-VLC 2R 4845 50w [j 1) 5% 00 o 4538 45 A\ L0
7% T PLC-VLC & RGP FEAGTHHOR ) JF o g
37 PLC=VLC il & 15 18 455 75 Sk 20 # R A ek S 4 4%
FR A de /N A BT S A 40 A, B SRR Y OR
K (AF) P AR AR BT — BB AL A I 4% 25 4 T
FI X R S5 A8 (R i WSS T 18 H T RlE RS IE3C
W4y 2 H (OFDM) A . 2019 4, # PLC 5 VLC RE
ARG HEJR LR I AYESHA N %5 A 0242 1 3R 1
LN (NOMA ) ER T8 R G 45 1 AT 2808 Ty
Il ,NOMA HIEZZZht (OMA) 7 SHEREH L, 2021 4F
XU 90 S N0 T — o i a4 L R Ui Ae
P A 2Dk 43 e D7 v | SR X R O ik Rl L
2R E N PLC-VLC &G M Akt , i B 868 0 i Hb
WP R B ERIE T PLC I VLG k4
R TE 2 NRRI AL {5 8 LR H OFDM # AR | 3kt 4
T 2N MY YR Z R, 2022 4F 0 T
W15 57 PLC 5 VLC Ik RGP A UL, #il
i S NS T —Fh 5L T OFDM A9 rhCa 77 o5 A 318 90 1l
FER XA R SO S B T PLC 5 VLG Z E 8IME
BAH,

2 VLC 5 WiFi Rtagt&
2.1 VLC 5 WiFi gt & A %

= P R AR R SRR R AR A TT RE S K
VLC 15 % It i AR S0 15 W, #5760 Wiki k4 B
VLC, BPTsCslfE VLC 155 s Wi et Ul 4 2= Wiki 4k &k
B A% el

VLC-WiFi RM A& RG T VLC B2 A S
RGP E KA T8 AF L3Ol N AT HE I PR T Y A%
B R Wi 42 A A ) B 55 1 AR ik

BRI AROR R SR A AF. N AT ILGTE R R R A R G o

PHRE J7 5 R AT A% T 45 4 R L SR T S I 4 Y
AR, VLC 5 WiFi S aLS 7 246 DL LR,
LGS Wik RS 2E 47 B A g fe i, mT oGk
17 B AT S L, Wik ST BT B A, nT 6
AT P AT EUR AL S Wik AT B AT SR A, T Lo
VAT FATEUR L5 WiFi 047 b R A7 50 15 5

ZE W VLC-WiFi 5l & R g0 it 77 5238 i H
T VLC BIHE | BR 1 25 08 = 3 P Xt R 52 BR
e 2R AN (2 ' B i R 00 20 3k B ] B BE B AR o 300~
1500 Ix) , 75 2% 18 VLC H g4 A A6 &y,

FEW VLC ARG R o3 A RN EE A s A 5 AN
RN A A5 5 2 Fh08 ] 1 (a) i VLC-WiFi A4 il &
RGN S AARE, #E 10 mx10 mx3 m [ 5 [H
W ,VLC-WiFi # M@l & R4 H 16 1~ LED 1 M T
FACH OB WiFi A S, B4 LED A 2.5 m,
Wk 450, IXFAR JR ANFELER (S B X, 5 24 US7E[A]
FER/ING B 18] 5 1A KU1 2 A 6350 B 7 28 Ok i ke
VLC-WiFi 5l & R AR A & 1(b) e
N, WiFi 82 A ST RAEM 0 12 A4 LED 40 fi /6 K
FEAR B H G X3, T B — A2 42 3 m BB 76 IR 25 3
1 m 2b WA 35 53 ) 224 — A4 LED SRR s8R ko7
Z 4 LED RSB D1E MM P f 28 6008

< 10 m >
— — -
! \ 1 \
12.5 e ! \ \
(\4—7 (\ H : LED
-- B P At
- = N N »
AKX X oo P THRIE
T VT e {7} LOSE#
i I i [} [}

o e ) .
B lesmel oy . ELOSTH £
< { (

=l RSN KX
i 1 i 1 )
P e P T L
et TV N WiFidEA &
L P 408 L
s___7 \_“~_ ;/\4‘§-—’/ “
\ | I i
1 1 1
N7 s ’
N
(a) BEIUHEA S5AT JR)
< 10 m >
P S _
lmt i \\7\
Bl Sl AR R LED
it ng I, VAT
reaN s AN T Tsrede] e AP THRR
e ~ \ . i F Y d
RN L@ T L LosEs
) M- 4 g \
=) 2m- ~ N V,3-‘m_~ . b i i
SN Ty e (f |:| KLOSTHEZ
T e e K%
B g HiivguinimsS i@ i)
v M, el
i e 1
) AN ffE WiFidEA &
N { v & I,
el A b P
i N - N/
‘I—‘(\ ‘J:)’
~ - bt

(b) ANHLBEA S A =

B 1 ZEHR VLC-WiFi RMBEREFENRTR

2023 1 R AR @)



Tl Y W ESIE (B

DRI IR BRI AF. N AT LGB ARG RGO iR

N B R GRS B X, P A TR X
7 B TSF ) 2 A 3 A v O
2.2 VLC 5 WiFi Rm& % BILR

2016 4, R Or F P B A5 422 A 1) B o % i R 1Y)
P28 ST R A N UOIE A5 34 1% M 1L (SINR) B JEfily | 42
T —FET ) VLC 1 Wik I SV AR
W TSR GE H T E NALS VLC 54 M 45
2017 4F , 2 M55 NP4 %= N VLC-WiFi Sl & &
Gir RS, PR DATEERSEH WiFi, N7 HE i
VLC FIWiFi BRI T %, 2019 4F XI5 bk 45 P
T MR s A H TR R VLC-WiFi 5l &
R 23 A ST R R R TR m s (5 B4
T, WEEBERIT VLC-WiFi a4 25
TS PR 2022 F 8 TS 43 VLG H
Sl a2 K G A I R LY/ I R S T
JARCHLO E A 58 NP T —Fh 2R G VLC-WiFi
SHfE R U5, R VLC M Wik 1) & 20
R SRR BE B 1T FH M O B DU 14 V46 v 4R 2
V) D22 e 1) DO 0% o o i B IR R A G S WA
BABALOLA O % AP T — F & F f By /R ] R AR
A (HMM )% VLC-WiFi &4t A 3 5 V14 (VHO ) -
e, ST BIE AOIFE 588 A 2 W4 1 VHO
TR R T M4 A s R ) T
Yl i R B AR T VLC-WiFi =44
e RZE S VHO G 0N

3VLC EULXKMBRHMEHE
31VLC EMAMBRHBMEAR

A0 BB B K VLG B AR R LR 9 A il
A% DR | T S PRl R 2% R 4 b 2 R AR A T
22 V) (R RSP W B 6 K 2 A A O 5K 22 18] A B LA
o FEFE o AR ) DL I A A AR ki i
JZ 0P J2 ALk ZE ARk WU TP Sk B P
B (UDP) 3k 2 45 | 154 %) 4% /) Multi—Level Transmit—
3(MLT-3) %04 {5 B A2 30 LUK 9 848 22 A7 X 3 | i
T A JOT B A RN B A1) A S T A B A B HRE £ R
J& B STM32 1/0 H it FEfl &8 (5 R gerh (an ¢
Bk[24] A& 2—1 FToR ), R A7 5 B %R I LED 6
Ui, BAT I AE BE OR O SRRSO B B AT
S IR AT A A B Do i) R GRS S R D
A6 IR 5 1l 0L 1 388 £ 129
32VLC EMKXMRHAREEZRIARK

2015 4F ,ZWIERKO P % NP2 iy 7 —Fhva] 4] T
40 AAIE A Ao 2023 45 1 ]

10/100 Mb/s LA P15 5 1% i 19 R 1] FF 75 25 18] ' B
ARG, RGAE 2 & 1 AR IR LED 18 A
P, 2019 4, X0 AE AP H— B VILC A1 LUK 9 5l
BAR SCBT M5 8 4 i 5 zaf o AEANT
B RE S B R, AR ISR T — R
AU ) VLC RS, SR A LAK W 11 R Sy 38 2
AP T S 2 B, YE X 58 AP
TGl R TS (FPGA) BRI LR M B, 42
H T —F VLC DA WSS BL 2% 13 1T 5 %8 B LA I R
T VLC R, 528 T W9 15 38 ] i 3 ) A% i | ff ke T
AN A gt s 2 [ 45 5 e R, 2020 4F SUN G L
GNPWEILT FPGA 1 AR /0] WOCE G 40 R Ge v
SEELT 1000 Mb/s LAK £ 45 F 625 Mb/s AT UL Ot %L
Pt 0 48 XA GE VLG R Gouf LA S B e i DA K 1) 3
15 W ) 81| 5 22 g A5 N PO s — i if 2 v 3 LA K ) 3
FEHARZERMENT. VLC R4, ZAR% D LT 114k
% Z 8] A5 5 A AR 4557 B | DT I8 ) B T S 3 e R
DL Wi A5

4VLC 5 LTE ME R E
41VLC 5 LTE MERHRBMERER

SCER[31& T —F VLC 5 LTE M % 744 il &
R 5 (CHLER ) R A B IR SR [31 ] 1Y Bl 3-6
fii7n),VLC 5 LTE W% B 3% R4 45T LTE W 2453
AT VLC #AR IS5 G (SGW ) LA K #% 2l 1 457 33 51
& (MME) A%, VLC 4 M2 28 5 LTE W45 3%&
%, 7F LTE W45 b | 026 8 B 2 R o el i | 2
# LTE M2 30l i) REME 78 VLC MZ5M, VLC 25 1
FRAGHE A G — i S R AR A BRI =2 A, 4%
WAL H 3 LTE M4 5 VLC P45 2 [8] () 4 45
VB (VI R an SCk[3 1 B B 3-7 (&1 3-8 FiTR ),

UL J7 X LTE W28 BA7 B i L3 Ul im B A5 &
WA LTE M2 02K X R m b/, VLC K
MG TS LTE P48 %4 BB 2 1 1
F T R BEAR T IR R G D) A i 7 A A B AE DA
TR G RE R AT
42VLC 5 LTE MERHE &% BIR

2014 4F | BA [F] 5 NP4 1 —Fh VLC-LTE H.i%
ARG MY T 4 VLG W45 4840 H i 18 BE 28 5 1A
LTE M, RIAZMESRE VLC 5 LTE M 48317 5
BX,2019 4, OLIVEIRA M 58 A B T —Fi R H] VLC
S LTE W25 S Jr 58, 8 il O s
I 7E 3 m MR B AL NAT LTE M55 1A 2



Tl Y W ESIE (B

KM LTE %3 38 (LTE-D2D) ¢ A Fl 425 5 & i 1]
ARG, EMEMZ B VLC, Bl RR RIS T HEWZ
(] P 300 A5 2803 JRIRAIR 1345 AS 2020 45 AL 7 AR
TEH P B B /N IS, o VIC 5 LTE M 2%
FHEE G B K AL S 4 I 4 550805 & ik i | AR 5 S B 1
LY E S A ST W 28 U Ak, 05 B TR T T R AE—
SE R 1 RBAE ORUE FH P I IR 55 T (QoS) , i 5 44 1]
28 1 A I S O 4% T R R SR AR B T AT B T

5VLC 5 5G/6G R &
5.1 VLC 5 5G/6G RHmEAR

VLC & BUNTE FL G TR A% iy 5G B o4
AT (NR)PRES S AR 28, SCHR[36145 2 1 [A] i
&4 5G NR (5 5 Al LTE-A = Bfs 51 VLC-
5G RlASERF- & R R ST LA St A 3R
% (RGBA) LED £ KOG 1 H] SMBV100B & & 1% &
KEAE 5G NR {55, 1] PSGES267D k& {55
KA AR T MOS0SA A B & A= #8 A2 l LTE-A =%
BHES, RERLFE TS ME @SR EY,
PRSI B 206 LED H S 25 ) Fediion , i B4z
TR 43 514 25.4 mm F1 35.0 mm 9 F- 10 ™ 32 B8 6
PSRN ) R TR AR TE PIN ot L BRI 25 1 5 A o | P2
LED i 20w i3 e 6 SC T VLC 5 5G W 45 ] 4 B
15 3

TR VLC 5 56 S flA M4 R T QoS
it oK, SCHR[381F 5T T AEE S BT R FH 56 ENIRSS
() H I Y 2 5 A Z fi i (MIMO) OFDM VLC &4t , #2
T T R & S OFDM (DCO-OFDM ) 4 38 JiE 3
il / ELEZ A (DM/CC) H S W VLC &% ik, ek
BT R RS 3 (BER ), 7 5 T BER #E47 F & M
PE B BT AR5 5 1 SC B Nk 55 1 SR PRIIE T
Z AR QoS

5 5G Mtk ,6G REHE AL Th/s MU R 1/10 i
(I AE 3R RN 3T 1009 1) 7 36 % . I, 6G H AR it
H R B A AT G G AT 0ot R 2%
52 VLC 5 5G/6G RHf& % RILK

2021 4F, R T SEIE SG I H Y R A T Ak 3 A
FLRE 2, NAWAWI N %8 ABIZE VLC WIF R GE i A
T £ 3% catenated —OFDM ¥ il 352 A F1 56 18 43 £ ik
(OCDMA)HAR (B 2 HEHRE VLC AL
SNPER I T IRPRAR . O T v ARX LBk i, WANG L Q
S NP — b 1 38 I B BL D A 4G JC4E DB b,
IF HAE T sk 2% > (DRL) AL s 300k S5

BRI AROR R SR A AF. BN AT ILOGTE R R AR ARG R

D5 AR LW ZF A T AT BUE R AL S a4k
2] (RL) LR T 48%, leDeep Q—Network (DQN)
B Sarsa 75 Q-Learning (QL) H ik mil4e s 1
8% 13%H1 13%, 2022 4F ,MIRAMIRKHANI F % A1
PR T R A & Y VLC A& 4 ik R A i I
6 IE 38 M 4 &2 AT (DCO-OFDM) # K | #2% T BER
fig, A VLC # AR SCHAEE A 56 ENRS

6 &RIE

AR SCEGS T LR VLC SR G R HoR | Br Lk
JLA SF A Rl A R AN  KHALID A %5 #0381 52 56 i
R TR SR (RoF ) M VLC H AR S a2 2 P 3l 15 1
RERG T, #HE 7L A, B, VLC SRoF 1Y%
N SR S N ST T ] D o2 B R | T
G038 {5 o R v 2 32 SRR B 2 s e 491 40 A 1)
2% [a] i DD B L SO0 A AR A 455 4T VLC S
FARA 72 G0 0 800 RN % I R 3 T HE T VILC S Al
AR T AT .

(DT InGaN/GaN £ & ¥ Bf R G B 4E 40 LED
JUME R VILC WA 5 5 m A DRI

QBT A WG 2% | ZE K B S e Tl AR 2
[ AnAA] A7 e 7% Rk VILC SRl A H A Ik & J

QW FE ANy 4 3L FHLER 2= T M e Lk
VLC S HIEA R ge i e i 5 &R go b ¥4 2 8 1

@B T INAE A S50 28 B0 U0 480 5 | W o 4
et it B A W ) fRIE VLC R RS REn
QoS,

B2 30 Hk .

[1] 3% 18] BR 2 AEAS 45, 't LED % N AT UL OGE 15 1 G BEROR ],
e 5 AR, 2011,35(2) . 56-59.

[2] ABDALLAH K, SIHUA S, AMMAR G, et al. A hybrid RF-VLC system
for energy efficient wireless access[J]. IEEE Transactions on Green Commu-
nications and Networking, 2018, 2(4): 932-944.

[3] X, 55 P9 AT LG 17 21 00 SC ERE AR BIF 9 55 2 BE[D]. KB . ik ke %5
fr B TRER 2 ,2015.

[4] w3z 2 PN s 2k R DL ST £ Rl R TE RS RBIE ST D] KB . A ik
R B TRRY 2017

[5] MANAN J, PARUL G, AKASH G. Performance analysis of a Co-operative
PLC/VLC system with multiple access points for indoor broadcasting [J].
AEUE-International Journal of Electronics and Communications, 2019, 103:
64-73.

[6] KOMINE T, NAKAGAWA M. Integrated system of white LED visible-

light communication and power-line communication[J]. IEEE Transactions

2023 455 18 RBIEHF 19



Tl Y W ESIE (B

BEi I RV R EE S A AR, A AT ILOGTE AR AR A R U

on Consumer Electronics, 2002, 4: 1762-1766.

[71 SONG J, DING W B, YANG F, et al. An indoor broadband broadcasting
system based on PLC and VLC[J]. IEEE Transactions on Broadcasting, 2015,
61(2):299-308.

[8] CHANG J A, YEON H C. Performance enhancement using unitary
frequency modulation with PLC and VLC cooperation[J]. IEICE Proceeding
Series, 2016, 48: 91-94.

[9]1 ALAIN R N, HENDRIK C F, JIAN S, et al. Hybrid PLC-VLC channel
model and spectral estimation using a nonparametric approach [J]. Transac-
tions on Emerging Telecommunications Technologies, 2017, 28 (12): 168—
180.

[10] BEAFR i B4 JiF %40 45 PLC 5 VLC @l &5 RSP (51
fiTH AR 7 Hr[J]. B AE AT ,2017(1) .3-6.

[11] B Ha 5. 3T OFDM (% M PLC 5 VLC MRl & 240 D). )
ML AR Tl K2 ,2017.

[12] AYESHA N, SOBIA B, HAFIZ M A. Non-orthogonal multiple access
(NOMA) for broadband communication in smart grids using VLC and PLC
[J]. Optik, 2019, 188: 162-171.

[13] XUMeibk | B S 005, B 55 |, 45, 5T NOMA #; A& ) PLC-VLC F it %
HTF 8 53 BET5 (], W T4 ,2021,49(10) 1 1952-1959.

[14] ¥ 3. 3T OFDM 14 PLC 5 VLC ZUB il {5 R G058 [D]. 19 % .
P Tl K% ,2021.

[15] ¥ T #i X &2 2. 3L F CNDM-OFDM ¥ PLC 5 VLC 2% 13 {5
RG], WOt 5t T o# i R 2022, 1-18.

[16] ™, R 5% BEAR VK, 55, Sk VLCHWiFi B[l (19 58 N 540 o2 2
AL, Sl 5 H AR ,2016,40(9) .41-43.

[17] 3 k. 2 A VLC-WiFi 544 [ 4 (9 F 17 6% B B¢ I 20 B Oy %€ [D]. &
P HERIR K%, 2021.

[18] 5= ==, 2 N AT WG A5 S 440 00 2% o T 7 e AL B U 20 G B30 1 T 9
[D]. K, 5 PEHB L K2 2019.

[19] 435 R, B A, ¥ TR, 45 B F 4840 SINR 1) VLC 5 WiFi 1 B
YL 0], yHEALN T ATSY ,2016,33(3) . 832-835,839.

[20] S 5k . % A VLC-WiFi St Jo 2kt A W45 0F 52 ], S0t
2017,38(6):853-856,861.

(217 XUMedtk WA 5 PR 58, 4%, & T 9045 LAY 5+ 49 VLC/WiFT M 4%
i B[] P E#OE,2019,46(12) :214-221.

[22] JARCHLO E A, ESO E, DOROUD H, et al. Li-Wi: an upper layer
hybrid VLC-WiFi network handover solution [J]. Ad Hoc Networks, 2022,
124: 102705-1-102705-10.

[23] BABALOLA O, BALYAN V. Vertical handover prediction based on
hidden markov model in heterogeneous VLC-WiFi system [J]. Sensors,
2022,22(7): 2473-2473.

[24] X . LED W UL 17 150 4% 55 LLOK I B B2 AR i F 5 [D]. BB VL
IR ,2019.

[25] XU #8551 bR, 55 LED T UL 388 £ 190 2% 55 LA K ) B il B A 1
WFoE[J] e E R AR 2019,43(3) . 1-4.

[26] ZWIERKO P, MAKSYMIUK L, SIUZDAK J. A system for ethernet
signal transmission via VLC lighting LED link [J]. Warsaw Univ. of Tec-
hnology (Poland), 2015, 9662: 966206-1-966206-8.

[27] #—Mg. XU & 3 VLC R GH 5 SE 8 D], db st db oy Tolk K2,
2019.

[28] YE X, SUN G, ZHAO W, et al. Design of an ethernet-VLC adapter
based on FPGA [J]. Journal of Computational Methods in Sciences and
Engineering, 2019, 19(3): 779-787.

[29] SUN G L, ZHAO W J, WANG R B, et al. Design of ethernet-VLC data
conversion system based on FPGA [J]. International Journal of Computer
Theory and Engineering, 2020, 12(3): 69-73.

[30] /42 B, T XA A5 Bl DO AR HOR Y 400U LUK ) il
& R IT[I]. H 241 ,2022,50(1) . 45-53.

[31] SR AR, 2 P4 n Lo ) 26 4 I 8 4 45 98 U6 B [D]. b st b st
K2,2014.

[32] #EiA A, KR | 20 M0 . — - W03 3 (LTE) A1 nJ 0L 5% 38 1% (VLC)
R HL B 2R 48 A B 7 7 . CN103944796A[P). 2014-07-23

[33] OLIVEIRA M, FERNANDES M A, SANTOS P, et al. Experimental
transmission of LTE signal using visible light communications [C]//IEEE.
Proceedings of 2019 SBMO/IEEE MTT-S International Microwave and
Optoelectronics Conference (IMOC). Aveiro: IEEE, 2019:1-3.

[34] VF%F . fil A VLC A1 LTE-D2D 4% A 1) 5744 4= 5t 90 4= 4 6] 1 1% 5%
BB IR AT BCAT 5T (D). P4 %2 . 054 T RHE R 2019.

[35] #H 7 AR, 58 P e 65 T DL OIG TE A T9 4 1E 0L/ IX R U A B R BF 5
[D]. db gt . b stk s K 2% 2020.

[36] BORGES R M, ALEXANDRE L C, LIMA E S, et al. Integrating optical
and wireless techniques towards novel fronthaul and access architectures in
a 5G NR framework[J]. Applied Sciences, 2021, 11(11):504801-504815.
[37] HUANG X, SHI J, L1 J, et al. 750 Mbit/s visible light communications
employing 64QAM-OFDM based on amplitude equalization circuit[C]//The
Optical Fiber Communication Conference, March 22-26, 2015, Los Angeles,
USA. Los Angeles: IEEE, 2015.1-3.

[38] NAWAWI N, ABDULLAH S, SYUHADA M, et al. 5G visible light
communication-OCDMA setup using catenated-OFDM modulation method
[J]. Journal of Physics: Conference Series, 2021, 1755 (1): 012016-1-
012016-9.

[39] WANG L Q, HAN D H, ZHANG M, et al. Deep reinforcement learning-
based adaptive handover mechanism for VLC in a hybrid 6G network archi-
tecture[J]. IEEE Access, 2021, 9: 87241-87250.

[40] MIRAMIRKHANI F, KARBALAYGHAREH M, ZEYDAN E, et al.
Enabling 5G indoor services for residential environment using VLC techno-
logy[J]. Physical Communication, 2022, 53: 101679-1-101679-10.

[41] KHALID A, COSSU G, CORSINI R, et al. Hybrid radio over fiber and
visible light (RoF-VLC) communication system [C]//2011 37th European
Conference and Exhibition on Optical Communication, September 18-22,
2011, Geneva, Switzerland. Geneva: IEEE, 2011: 1-3.

G0 AT 4 Fe 2023 FHi 11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


