| $£595 FE11H/2022F 6 B/HAtEXBFEHE

iyt Bl St FZFHE

el 15 b BRI BRI i 58 LR Rk i

AE KA, AT BRES B, B, HER, 2 2L
R RER oG E R E AR, VL0 WA 210096
MRS S Y ARSI E, A AR 211111

FE AR — R X S R AR B R RIE RO & 1 A2 Ge g B 8 1 7 Z2 1 RTE PR AR L PEAMEE T A
PEBE, B BRI AR AR R G0 & 74 T3 8 22 DT TR, AR5 150 A0 R 25 256 A0 51 B B T A R A B 0 15 5 A% i S R L
ZATIAR BN IZ R o AR T N A R T B R T 8 R 5 SR RIS T R R ) e TR R A T R
PRISH vk HM 2T N A A0 B T AT T SR G T A S T ) SR SRR B E R S TE R TR Y R B
F3g 5 T X A R BB HOR A R B 25, T 845 7Ol (5 T BRI HOR H i T I 09 1R 80 SRR ) K e a8
KEER OGAE; MARRIE; HEAEE SEOLEE; AR BB BARS

FESES TNII3 XHiRER A DOI: 10. 3788/LOP202259. 1100004

Research Status and Progress of Probabilistic Shaping Techniques in

Optical Communication

Liu Xiang"’, Zhang Jiao'*, Zhu Min"*", Hua Bingchang®, Cai Yuancheng'’, Lei Mingzheng’,
Zou Yucong’, Li Aijie’
'National Mobile Communication Research Laboratory, Southeast University, Nanjing 210096, Jiangsu, China;

*Purple Mountain Laboratories, Nanjing 211111, Jiangsu, China

Abstract As one optimization technique for modulation format, constellation shaping technique greatly improves
the flexibility, nonlinear compensation and error performance of traditional coding modulation scheme. It can achieve
high spectral efficiency and signal transmission close to Shannon’s limit without increasing the transmission power
and complexity of the system, which has been widely used in many fields. The research status and the latest
advances in the fields of constellation shaping technology schemes are introduced, especially the type, method,
architecture and other aspects. The basic principle, performance comparison and related applications of probabilistic
shaping with arithmetic coding are mainly discussed and the current problems and future trends of probabilistic
shaping techniques are summarized.
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Fig. 9 Arithmetic coding probabilistic shaping scheme. (a) PAS scheme™; (b) PDM /MPDM scheme™”; (¢) 2D-DM scheme™”

DMs 25 ¥4 i) — 4545 5 i) MDDM #f 8% % )5 %
XF I 9Ca) #1E 9(e) AT 1, PDM(1D) #1 2D-DM fif
2 AL DMs B A [, D e ] B AR R i &2
2B 1E2D-DM B0 g DM 5 A7 1 43 il
AT DLFE O g 4 B L AT O Ak, DA (8 A 23R e A o
T MB 404 . I, 2D-DM 1] L 3548 H PDM B
HIPERE . iF— 20 b, 25 R R B AT DL e ) T
R ERE X T RE S X RGMEREA —E AR T, TE
EH|,2D-DM £55 (1 5 43 A A AU F R A 61 9
DMs 4 Z i il 43 A, 1 H I F R A 45 -5 10 B 25 o
o fEPDM A AR i 4 5% (NBBC ) R 5%
PR . SRTT L BT NBBC AN RETS B £ 4845 5 R R
1 8 R ARE SR A, T LS S MDDM A 5 G 3 4

i gl A 4R R (LUT) /Y 5 3k 52 80 e 5, 4% 51
B, 34529 DM AL UT 8 2 i HE R 00 A R AT
A LAl S BR AR M T, LASR A3 et dE g . X
A AL R AT DL R AT B LR A B OR S R BN
Zetk, FHEAR T LUT oAb 58 50 A, 2 42 T ok
T BTN R E N L

3) &M

T AT SR 2 T A R T 3 BT SRR G 5 R
IEH AR TT E T, 2T A [ A R R 5
BT RFRIE AR L Z 4b 2 1 TR o JRAT 45
19 PS 2 AR 52 B )7 224 bR AT 45 8 1 PS $E AR 52 8
Jr 588 2% AL B AT SEAIK A0 R K DL KRB 6
oy E 3 e R R A A . R RAT A ) PS B

1 BRGD LA Oy SR AT AR AL 22 A X

Table 1 Comparison of characteristics and shortcomings of AC probabilistic shaping scheme

AC shaping scheme Ref.

Characteristic

Shortcoming

CCDM [23]

Serial structure
PAS [24]

Lower complexity, asymptotically optimal

Rate adaption, lower BER

High latency, rate loss

High complexity, rate loss

PDM [44]
MPDM [49]
MDDM [56]

Parallel structure

High throughput, lower complexity
Flexible output composition, lower rate loss

Approaching MB, multi-dimensional

A gap to the MB distribution
High hardware requirements

High hardware requirements
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Fig. 10 Influence degree of arithmetic coding probabilistic

shaping scheme index
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3.1.3 H%HFik
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or Rt — L WM S HBE . 75 PASH, 40 Al
DC C 58 e DL a5 1 77 208 — 3840 15 L R kbi B S
Ha AN PRIEEIT I a=(ai, ar, -+, a,)o i, 08
JE R OJE B B w] LDk CCDM, PDM/MPDM |
MDDM %5528 o 77 A n IR MRS I 08 @ 19 = 2 il
br 2 b.by-b,, o R I B yn 7 (5 B H osi=
) BEAHE R R (m—1+y)/m iy &
S FEC it . it =4 (1 — y)n AWK
B 5y = (i1 Spizn =os S0 o BRI B BRCHE 07 s, F 2
AL 57 s, VE MR IE @ BIAF 5067 s = (51, 505 5005 5, )0
RE BT =sQadid Gl L. 15
F| PAS W AL R AR =Fn+y. RG R
MERBEMFEC B 20BN TR, A R
F2PHMTIHESE % HEMNGET , NG
SR AR S R R, R SE FEC 4 i
R R SIERR g R4F FEC g A4S, w] L) i
A R A 3 TC R A i oy 8 ok S 0 30 1 3 T H
1% g R {5 MR L AR TR R . R R B 9T T4 N R
e R R B R £ A 2 T Y R DG
1 8 )

(51,52,

#£2 PASHIXRSHUEH
Table 2 PAS related parameter rate

Signal R,. R n=mR R,
Ry, «(m— 1)+ 1
ASK Ry(m—1)+y m=lty Roe(m—1)+y
m—1+y m
Ry, «(m—2)+2 —942
A e u Ry, +(m—2)+ 2y
m— 2+ 2y m
Ry, +(m —N)+ Ny m— N+ Ny
ZND - Ry, «(m—N)+ N
m— N+ Ny m e ( ) b4
3.1.4 HAEIEAF

ARG T 76 ME R TY Ik R 454 b iy 1 6k .
Hop  RFERA A EER FERKE T
A BR A B R AE Ry, L BE 1 H] P (BMD) T Y
A 3515 83 R Ry ov . GMI/NGMI 152 181 % (FER)
M BER %, 11 DL —Fh i b i 5 Kl 1 R 25
ARG PS HAR T RIFRHITE . Bk, Hix
G3 A P2 B E I F X REE 1Y SNR VAT S ARG
AL WA o ARG K Py AR P, 15 3 5
HEARA R Cy, =P, (n B A S50 . Hop &
1k E ) 2 45 /N P, Al P, 2 [8] 1) Kullback-Leibler #{
B JAMED (PP, ) B2 F R X4 A LA KB

HEATAEAL. 4T CCDM, k= | log| I || 3t 17,

PRy A . X T AR B E AR DM,
MPDM, fis A HRF A A BE kg, O T BT A4 N 53
il Ak o SR, X T Sphere 77 %, A H AR
I3 A B AN B AT E AN R X TR L
Bl /N RERE E L 20 <| AT], SRJE IR
I3 A P SRARAE R R X TAT BRI B,
A LS B R R = H(A)— b/n. )5, B0l
WF5E T A B He B K [ 9 CCDM . MPDM | Sphere
SFOTRERMERHEE . R AT n— o, Ragon =
Runp — R 375 W JE S R IE 254 . R AR K
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Target Distribution
MB — [;
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A

Quantization j
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Fig. 11  Arithmetic coding PS performance parameter index comparison

FE R R B BN R — A A R B
%JE B TS5 A CCDM . MPDM % i
PEBE , Lo iy B AIR /9 B & 48 Ax AT DL GML/
NGMI. ft X ¥ K i ¥ BE 45 45 6145 FER/BER, il
T AR AR Bl — A 4R T R GE AR PR BE

1) BB M 25
23, WoR T 5 A i AL A X°
(AT 8 25 o il 2 R SRR AL JAE /DN I B i, 3K T 446

#3 HL) oA ASK A REBIE 55E A&

25 AN W EE i 9458 101g =~ 1.53dB., A LAF i, %t
T 64-ASK Fl 538 18 5 bit Y 3 32, BIP 1S £5°4 1. 33 dB.
PRI, oy 7 45 (AL 8 2000k B 9 R TR 3G 25, ] LA 3 38 n
R /NFE Y ROk S . R, RGEH E a
25 Bl A B0, 52 BME B A2 BBk R . E R SR B TAR
mh R R G AN ) 8 T i B — s A58 G 5 9
T 58, 45 G W R TR R R e pRoRE R [ 2 198 B
I BIB

C 2 [i] 1 3 9% 1] Bt

Table 3 Gaps of uniform ASK and PS to capacity C
, Rate / Capacity C Uniform Gap / X Shaping
Constellation ) . Gap /dB )

bit SNR /dB SNR /dB dB SNR /dB gain /dB

4-ASK 1 4.7712 5.1181 0. 3469 4. 8180 0. 0468 0. 3001

8-ASK 2 11. 7609 12. 6187 0.8578 11.8425 0.0816 0.7762

16-ASK 3 17.9934 19. 1681 1.1747 18.0910 0.0976 1.0771

32-ASK 4 24.0654 25. 4140 1. 3486 24.1706 0.1052 1.2434

64-ASK 5 30. 0988 31.5384 1.4396 30. 2078 0. 1090 1. 3306
) R CCDM iy # #F il & R..=1.7490 — 1.6991 =
HZIEHARME P, =[ 0.438,0.321, 0.173, 0.068 ], 0.0499, 1 F MPDM 4 41 i 4 19 - 21 K C,, T LU
W H(A)=1.7495, n=[ 54, 168, 216] T w= RN P, B H(A)RES SRR E S5 CCDM
216, 5 P, R HUE /N n KR A8 Py= (9 M1 [d , MPDM (% 3 R #1 & R,.= 1.7490 —
[0.440,0.320, 0.171,0.0691, % H(A)=1.7490. 1.7315=0.0175. i & E & /IN , Sphere A8 1 (1 °F- 3

HHORL B i R Cy =

n+P,;=[95,69,37,15],

4y Ak P,=[0.439,0.322,0.172,0.067 ], H %%
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H(A)=1.7459, H # F i & o P 3k 5 R..=
1.7459 — 1.7315=0.0133, £ 4H 4T CCDM/
PAS . MPDM Al Sphere (%%t A JE & 3R k/n I
H(A)/H(A) R R K R 1 LA F] MPDM
AENS A0 HE L CCDM B KA J7 9 4, 5 805 A K B 3
JN7 bite  H TR R 353 A 2 A [ S B A
R MW > o A AH ) S A K BE £, Sphere 2R H
— I RE R BN R A A T BRIk
/o B LLLER ] MPDM Al Sphere 78 # 2 4t ¢ 1 B4
BT CCDM/PAS. BLAh, 74k % b i He K B I,
Sphere >k F B A &0 {5 5 25 0] {ff 3 5 450 2Kk B AR
JUHWI . FERE T RS, W] DL RO T AT 45
4 B9 MPDM 1 JT] 7E Sphere # ¥ )5 & th , 76 20 i {5
5 RE 0 [RLE T LS S R AT A . PR
T 45 A AR U8 BRI R m B2 AR 8 Bk
Fd R 0 T R0k
Table 4 Rate loss under different block length 7

Architecture k k/n H(A)/H(A) Ry
367 1.6991 1. 7490 0.0499
CCDM/PAS 367 2.2378 2.3132 0.0754
367 6.7963 6.9523 0. 1560
374 1.7315 1. 7490 0.0175
MPDM 374 2.2262 2.2727 0. 0465
374 6.9259 6.9913 0.0654
374 1.7315 1. 7459 0.0133
Sphere 374 2.2262 2.2496 0.0234
374 6.9259 6.9684 0.0425
3 T T T T T T T T
Capacity
[ == Moo
2.5 H 22" Uniform

AIR,, [bit/1-D]
%

1.5

FER

$£59% £ 1181/2022 F 6 B/HAEXBFEHE

1 BB R 2 I

3) AIR/FER

e B K B n=216, 8-ASK ¥ # 15 5 F .,
CCDM .MPDM L) } Sphere #J AIR 5 SNR p& i Y
KEML A 12(a) s . Hod, 4 & My 5
8-ASK i GMIM s E/E S % Jr 5. " LI H|,
MPDM F Sphere 4 /N T K #53 H B IE RIBE . 04,
1 R, 7E 3 #5225 bit/1D, MPDM F1 Sphere
1) SNR HL 505 5 K4 0. 72 dB. R, XA
BRI B H y =R — k/n=0.5. L, % F PAS
T ,R.=5/6, EXABET i 5 MB 73 11
A DL AR A5 1 e K PTRE A MR L 25 O 0. 83 dB, 1 AR
0. 11 dB fy 3 4% ] Bt iy T 208 28 0 A7 BR B e
S . T MPDM FlI Sphere X {5 5 25 ] it 5 4%
A, EATH SNR H CCDM & i 2 0.23 dB. 7
Kl 12(b) /] LA, FE 38 4 bit/2D A1 4. 5 bit/2D,
Ripx = 10 I MPDM , Sphere 4 P BEAR L , 75 2 o 1
SIES M0 1.1 dB A0, 9 dB AY SNR A fES2 3 .
JE H ,E A1tk CCDM 1 fig &% 43 il &5 0. 22 dB Al
0.23dB. fii,# & 5], MPDM Hil Sphere % {55 5 45
[E) 1) 2 SR AR R T — B TR R 2% . HE e Xt
n H HEAT 6 R B, 3 T B2 B S LG T W B AF
fith B TP 5 5 4% B R AE OR A ), AR AT o R A
X BRI O AR T A M BB 5T, 0T 5 A 4 S B A
ORI 7, ARk A R s R DL A R A
D5 T, ANFEAR SCHYHE T Bl 2 9 .
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—o— CCDM
—o0—ESS
—»— SM

—o— MPDM

45bit2D -

102

1073 |-

8 10 12 14 16
SNR [dB]
(a)

K12

13 14 15 16 17 18
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(b)

PEBEHHZE ™. (a) AIR 5 SNR; (b) FER 5 SNR

Fig. 12 Performance chart™. (a) AIR and SNR; (b) FER and SNR
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T, 53 X ) 8QAM &R I A2 JAE w22 ] 114 B TG i 25
BER T 16QAM. 1] L5 & 9 2K [R) ) i 41 45, 1F
— BB T AL B T 4R THE G AT RE M R Rk
PE o Sk TR INARZE 0 1 1ok X 3 K 4R W Y 15 S
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J& AT L3R4S 1 bit/symbol A 5 . IF HAEW T 16
/T QPSK B IE LT, 43 X 1 mQAM i i PS nJ
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Fig. 13 Symbol-level labeling PS scheme. (a) Outer maps to the inner layer™; (b) set partition™”
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Symbol-level label
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Fig. 14 Schematic of probabilistic shaping based on symbol-level labeling"’
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Fig. 15 Non-uniform signal designed for PS scheme. (a) Huffman code™™ ; (b) bisection-based "
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AR BRIk, A 2 X = RN 35 35 B 5T A
BA IR DA 98 T ) 64T B0A o
4.1 RXAERHWERS

Bifi 25 A0 23 L 25 T D R I I A 2l 55
PR R G T AE A 1 R R BB R K
LRI fF BA KA & 5 R PO R T SR A
{HL [) B A7 7 — B [n] B0, T H 5 40 2 R e A PR
LR R LL AR R 0 AF . ik e R 4 B BUE
S E A S AR R, T BLRE A 8 E R0 N W

PETE XL A A T E, HIL L P N R T
25 i T BEOK figk e 3k 2 [ 1, 40 1) R S 1 1 9 1 A X
S B W AR DL SR R S IL AR WL in— &
I B AMEAE S Z B R & 0T . WER TR £
A RGN RSt R g T RGE
P R R AR AR R A R BEAE T L T DLRE IR CE 1
TS By F A RO N R A AR DR R R B A o
Ab L E RIS B 58 38 R A R G R AR R B AR
[, SR SE BROG LT S RG24 Jr N R, &
PR — A 98 2 BRI R e, DR A 0 B 5T TR A
Z RS T AR RE TR B A% A R 1 Pk e B R
FEAAT o BT 3T PS £ R LA L &
i FS5RAAH T BB AT AN, LUE UL PS
B ARAE N EF 15 i Z 40 v 6 & G0 iR 0 Pk g DL RS B
RREMARTEM . b, WA 8K 2% 455 A
BAMA RO R T TR R A BIE TR,
IFSLE B E T PS-32QAM {5 5 78 55 K 1 1% i 1 2
FRHE T P BE . b BT R H R 2 A R
T T 2 X — W Y R B % Polar 4 A5 (14 HE
FAEIY PAMS & i & 4t , I 48 10 GHz £z 98 il 34
JEA MR B BT T S IE . T
(BTB) HI 2 km i SSMF £ iy it 23 9] 3545 1. 2 dB F01
0.8 dB B H L1 25 (BER =10 °). %EJe 2 Tl Kk
2UU1E B2B SEE R SE T PS-16QAM Fil 64QAM,
SR ISR T LY AT A 3 A a6 0.8 dB Y R B
H2s, Won TH AWGN B B &FVEfd . A2 Rl
F 2R — P R 4 A R 1 MR R A Ak
N7 () Y5 A B R SEBG BRAE T 7E NGMIZY R, PS-
QAM 7E 3 ¥ {5 18 1 52 B B8l o R A8 T 45 7 % .
S EL R 2 AT AR AR A 98 2 FR Y IM-DD R G
PS-32QAM il GS-32QAM (1) i Fil , 52 5 % 3F T
32QAM DMT {5 51445 1 km (SSMF ) 78 IM/DD %
S5 BOE H R R 108, 29 Gb/s. M AfF K2R I
S I E T —Fh R FH LDPC 4i i) PS-PAMS (55 1Y
e RS, WA REY , 5EGHESMIL R
PS-PAMS 7] L4 i 3 £ v $22 ML 9 B 258 52 5013 i &R
G AR LR AR . R ARA R A A
B FL A b i AR 9 e R R R T R AR A O N
2% v (i P ARE 2R B S F 200 Gb/s A1 i & £ 1 38
NIRRT, 38 R Re L AT LR OR 25 )
b S e ) AR 22 R AR, AR R R et
P 4 (1 I 45 e L AR FR B e 01 . DL R SRET T A
TR H R BOCE G 5 R B AE R T R EIRG
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Table 5 Research of PS technology in optical fiber transmission system

Optical fiber transmission system

Ref. Institution Signal Distance /km Rate Characteristic
[19] University of Arizona 8/16/32QAM 100 12. 5 Gbaud Superior performance
Beijing University of Posts and Low complexity and
[29] o PAMS 2 28 Gb/s .
Telecommunications improve BER
) ) ) ) Higher sensitivity gains and
[33]  Technical University of Munich 16/64QAM B2B — )
close to the gap to capacity
Huazhong University of Science Superior net date rate and suitable
[34] 256QAM 75 50.2 Gb/s o
and Technology for multicarrier systems
[71] Fudan University 32QAM 1 108.29 Gb/s Better receiver sensitivity gain
[83] Huaqiao University PAMS 20 16. 8 Gbaud Fewer PS redundancy
Huawei Technologies/China Real-time and improve
[84] 16QAM 1142 200 Gb/s

Telecom Beijing Research Institute

performance, energy-efficiency

PERE DL ST S A A B2 AR B 1 sE e . AE
JCEF L R G, BRI PS B AR O % UL K A4k
GMI M BE 1 PS/GS 2 IE J5 22 ¥ il & Sk #F 58 1Y
H
4.2 RBLZERERES

Wi 2 EIE X AT M DR R R R R G 2k 2% vt P
B A N W RGN, o 2l 55 1R Ik e R A Bl 2 2R
. wT LA, % TG 2 i R A W R CKE R i
100 Gbit/s, # 2 7E A R JL T 4E 423K Thit/s, AN 681l
JE R SR AF 1Y S8 75 5K o LA SRR R B R A
AH Y AT AT 0 2k BE B A 2 PR I AR ) R K b 2%
B FIE L, ALK TR TH L R GG i3
B . O TR R A, e R T4 (R
SRR ME TR AT DUA R R 0 AOR L IS S K
BOHE B AL Y A RO A R AT R E I A AR .

— BB 5 DA B4R R O S 50 UE T B A PSR
1 1% % 22 5, e 08 ik 8l 2 b 2% JC 2 S 40 4% R 1 8 v
I N BT — 2, I Bk A5G AR il
BOCEF LT A W 4% 10 F B2 LR 4y o

FEAT A BE T 3T PS £ R 1) ROF & iy &
G, FOeRFIRH T E BRI AN, LUE B PS
HARTE ROF & 40 14 I FH 4 DA oy 2 S 308 v 208
MR T RGEMERE A AR . o WL R 2
EP N T — A U K BR 2% ROF & 48 19 58
55 Wit on , T AE 78 350 GHz, i i fff /] PS-16QAM-
OFDM [ §i45 5 LA K etk 807 05 5 4 BEAE 10 km
16T F1 20 m Y JC 2 1% a1 S R 5 100 Gb/s 1)
TGt e X T AR HE 8l T Kbk 4% JC 42 9 0 R
T 8 R = P JE e S HE T — 2 IR RO
5G I AR filt 5 Y6 £F 0 e 4 A N 46 1) 5 L 21 B 4

6 PSHEARLEROF L5 RS BF5E

Table 6 Research of PS technology in ROF transmission system

ROF transmission system

Ref. Institution Signal Distance /m  Rate /(Gbes™") Characteristic
[51] Zhejiang University 16QAM-OFDM 20 =100 Ultrahigh data rate
L Flexibility and small capacity
[54] Hunan University 64QAM 0.5 1.81 )
granularity
[85] Fudan University 512QAM . 128QAM 1 208. 4 Increase the maximal AIR
Beijing University of
BER performance,
[86] Posts and 16QAM 40 12. 144 ) ;
o higher bit rate
Telecommunications
) ) o Better performance ,longer
[87]  University of Antioquia 8/16QAM — 10 o
transmission distance
Georgia Institude of ) . .
[88] 16QAM-OFDM 4 25.9 First experimental demonstration

Technology
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W R Y 64QAM-OFDM i i1 15 5 7 W
P B ROF R 48 A7 T 5200 04 , % &R 50 1F
20 km BBELF RN 0.5 m A9 [ 28 Bl AT (G . 52
5 R R Y 7R IR AR 10 1B, 5 ¥15) 1 64QAM
I, RGN REEA 1.07 dB BB 1 25 . R
TP Wi BOG 4 B 2K S R L AR L m W
TC £k BE 6 OB Yh AR P E A 92.5 GHz 1Y PS-
512QAM Al PS-128QAM & & # 30 Gbaud )
OFDM 2 K P15 5" o b mTlip o K 2% A L g 58 58
K2 25 P BV BRIE T — A mmWave 4h 22 H A
B ROF R4, 78 16QAM ¥ il (1) 6 £F 1% fiy 7 45 b Xt
PS#EAT T 40 m JC 4 A% i (9 S250 90 0E o B Y 1 52
B AE W T PS i 3% 521 16QAM 18 &b 22 A1 T 46 I Ot
TR EZARWEE TR RGE R AT 1, JF H PS-
16QAM J5 2 WAL 58 J7 S8 A A i R i 8Pk g o [
AN S BIF 5T HLA 0T A X 3 T PS 19 8/16QAM/
OFDM-ROF RS AT — R AR T
SRR AT — B 85 GHz Z K I A5 578 W il B
JGEF Fl mmWave fill-5 £ 4 H iy AT, 3 2 B 45 F0
PS $ AR R 6 27 R 22 0K U Rl G 3R 48 1 B IR SE
WEB . SEESUER] TR 7 i, &0t 4 m AL
125 km bR fE BB J5 , BER 35 3] 4.4 X 10 °,
UL A, B Bl K 2 S R S — o 3 AR T 1
BREBGERGAEM T E. LL16QAM A, @ T
Ka % Bt 1 Gbaud [ ROF 5256 R 46, SCHa 25 KW,
PS-16QAM 7 & 7E & % 2 )y W 0 T 1% 4 W
16QAM, H kB #2338 5) SQAM J7 % . 78 ROF 1%
i R G0, WF9E H A PS/GS 7 58 52 PRHE 5 ok K8
TR A B AR 5% 1
4.3 FIRXBREEHRES

U ARk BB O T B A ek B E KRR K
B RICL S AR T IR DL SE T S 0% e b
ARWE T o 3T RN (LED) /Y Al W% {5
S — OB X4 TC LG AR HR , B A T IKE
B KBt pE TS0 R — Ml i ik £, 15
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AT WOEAEIE S, VLC RS Rl 56 2 IR R 40, i Kb
BRL ) 0 A% e SR T 22 4800k A o R TT
DLA &2 7 VILC RG ML % (A 5 VLC
ARG ERWRIIA B R ZEIE . 456 M2 8IPH
A BEAS T 3R PR S H SNR B A [R5 1 H X6 107 1) B
PR oA, v DL 23R T VLC R AR, i i
VLC REGM AR it . WERBEIE ol b 2 A 200
T B R AFTE B 08 7 VLCHE M RS rh B3 T &
KEEMEM.

TEART BT R T PSHARTE VLC & T
R R G, R TR KUE TR I B R 1
VLC Z ¢ 1y R FH 8N Ry S 52 B0 48 i 12 i 3 A
A BGRAR, Ho Tx Ml Rx 40 9 7R & 2% F1 4
WS i JT A A A T A I R R 2 A B R Y —
VLC A5 MR I PAMA TR , SEE7E 2 MHz 4
PR LED 1 1.2 m L& OGARE b #ifT . RAITMER
BICHAR LT ABARA IR R AR T, e
B 2 BB T 4 VLC R4 i H PSR
1 OFDM SE 55 {7 . R H PS I &1 OFDM AR,
FE 1 m Y [ S ) S2EE 204, 1 Mb/s B AIR {5 &
Eo8 E I TS BN 3 RN S R e
R B AR e 5 2 05 B R 45 A B9 MIMO-OFDM #
VLC Il {5 R4, 5% G Wi m 4% Jy 40 1, )5 I
B RGE AR KL, B R ME R
AT BA LA 450 nm B AL R B0OE A N SER AR, 5K
T — RSB R VLCHEE RS IEL. 2mE N
F HH 25 ) % i b nl SR {5 B 3 %R 10. 23 Gb/s,
it FABE 38 I8 5 0 28 05 2, e PR B2 il 412 vy A3 33 24
o, A HOR AR A BN E i B S R A Y T
LMK T VLC 15 3 1 HE 328 1L QAM B 41
] A5, B 3E T PS-256QAM {5 5 40t 1.2 m i dE £k
KN VLC ## % J5 , Y a8 L T 80.57% 1y PS-
128QAM f5 5. TER NAMEZE NG ST, VLC
W B T — R 9 5 1 2R . SR, 457
AR AEAE G AR, I TLIMVLC ZREMNE

F7 PSHEVLCHH RS PR

Table 7 Research of PS technology in VLLC transmission system

VLC transmission system

Ref. Tx Rx Signal Rate Institution

[40] LED PD PAM4 2 Gb/s Beijing University of Posts and Telecommunications
[90] LED PD 256 QAM 204.1 Mb/s Huazhong University of Science and Technology
[91] LED PD 64QAM 50.75Mb/s University of Shanghai for Science and Technology
[92] LD APD DMT 10. 23 Gb/s National Taiwan University/Fudan University
[93] LED PIN 16QAM 1.70 Gb/s Fudan University
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