%44 % % 8 HI/2024 &£ 4 B/ SR

el 1RH T2y 52 T T s ONe I 9% £ &5 il B A BRI )

3 1 a5 1 e

TR, Th0, 2EE, NRY,

HERAE RS TR RIS SR 2 BT ME RS, L 200433

TEE O 7R R WS o2 A A R I A AR O A R s M S, R e A0 2 AR T U5 I 4%
(FDM-CPON) 1) W Folt % i 45 B0 R0 48 o) 455 5 4% i AL o), 0D 850 5 i o B0 6 AR R 2 1) 3l 8 ( AMIC C ) R 850 91 3l 3 %) A Jont R A
T JH T HE AMCC 1% fi i 38 W7 8 75 (OOK) {5 5 Bl S5 o H5 406 308 3 15 5 0 1 A% 728 Ak, 52 1 B4 308 3 15 5 1 1 1 900 7,
Ul AMCC 5 804 A5 4, S0 T4 R 5 5 58Sl 5 5 M B L. THREREN, EET 16QAM
451 20 km Y6 £F 7 200 Gbit/s FDM-CPON Z 4t /1, 24 AMCC By 4 58 A1 98 i B3 (MDD AR 7] B 3644 AMCC X T2 5 4
fERYRE R /N, [ AL H 5 S M R & . 78 AMCC B9 M1 26.1% 47 56 4 24.4 MHz i}, ' P AMCC 45 5 R i
BEAYAE S L e AMCC /0 3 dB. LA B AR5 by o o 5 o A - 451 43 & G U5 W 48 AMCC 55 5 2 G0 15 48 it /o

2% .

KR Ll R MTEECMS; MT AR JeLrims

hESES TN929.11 XHiFRERD A

1 51 5

Bt & BT — QRS sl (5 B R i &, DL K& 8K/ 16K
o IO R A N L R B0 B S /6 5 52 (VR/AR) |
B5G # 2 B 1K W 30 2 E 5 A B 240l 55 i i B, AT
XFF JC VR 4% (PON) (Y45 55 Ll R 5 4iE 1 45 38 b
BT HEEMER" . L5042 H PON(TDM-
PON) £ 4t 2% T B0 8BRS F A, B 204 15 38 78 AR [F] Y
Bf 0] 20 fic 285 AS [R) A9 )6 I 2% 350 (ONU) ' [E PR
{5 Bk 3R - A5 AR MEAL IR 1T (TTU-T) #E 3l 50G Bk K
TDM-PON #r AL, & 09 2R G0 284 1 3, (0 2 R %
R TG BE B o o SR AR Gk R W R,
B K 100G # 2 200G, W7 2287 1 8 R o 1 3 F A8
T D 2 R B PON AT & o 8 A 4 Wi R 850 B8 A i K
SR T N - i S T R O R OB i)
2210 ek [ 12 ] d A T PON RE % 52 31 300G 1y i {f
R

SR, TDM-PON 1 iy 47 () FH P 38 4o B i) 9% 8 A
B AMMEREE LR B A S (OLT) 35 5 18 i i b
53 R AN TR ONUss 1945 58 15 2K, 3% 5 30IR 45 1 5 1if
FIE | HE DL T A ok — B a2 Mk YRR A B ZE AL 55
W4y PON(WDM-PON) I & — b ) i 451 % %
SR S BRAE BE 4> Be A9 5 L A SR i U I AE Y n) . S

3 BN AE P S B R4 )

DOI: 10.3788/A0S5231809

k[ 14-16 ]38 T WDM-PON #J L4 7E [7] — I [a] 55 A [\
{5 T8 43 e 25 AN TR B ONU 3848 T ONUSs =22 [1] fi4 i
BR3E 4 BN T RGEHTAE

T BE S AE AN AR W AE A S5, LA AR
R M 12 i A8 BRI 45 R A5 B, — SR Sy il B A 3 R g
il 3 3B (AMCC) 1 i A 238 15 3 38 g 82 1 JF % o
N F WDM-PON 7 ik [ 18 ]38 o fif F — A4~
IV S AN U R (NRZ) A5 5 o 468 il 25 6 - 25 78 7K 3 il
ar (MZM) 9 s 2 LR, DT 38 3 42 46145 5 iR (6 22 b
e AL s 5 R . SCRR[ 19138 i 1 NRZ 5 5 %
2 S AOEHR #S (SOA) Y 18 25, 2 10 2 1) 50 40
T A5 5 0 R S A, 815 AMCC 5 8048 i 18 & o 1%
o UTAEOR BT TR E Ry 2 A T TS
U556 M 25 (FDM-CPON ) 2 Bl ik bk £ () 6 i3, B A
T ASREE KES T EENMmE .
4, FDM-CPON i& B 25l WDM-PON [ %f &5 , HE
SRR NI SR A TE Ay e o PR BL, B ST A AR T ak ik B
FH 1) FDM-CPON ) AMCC 15 5 1% i WL 4 B A & %
B R S AR A I AE Sk (21 ) 4R T — A
BT R A R Rl AMCC 5 80 E B
5 R 3 B B S B B AR L 1% 7 & 3 FF FDM-CPON
LA FHIEEH AT AMCC, #f— 2 H | i 1 52
IS X A3 T AMCC 5 4 B 1F 32 08 2 i (QPSK)

WimHE . 2023-11-21; fEEHEHHEI: 2024-01-11; RABH: 2024-01-31; MEBEEZHB: 2024-02-20
BEemH.: EEARPYI4 (62171137, 62235005, 61925104) . T [ AR 3 4 (21ZR1408700)

BEIEE . junwenzhang@fudan.edu.cn

0806001-1


https://dx.doi.org/10.3788/AOS231809
mailto:E-mail:junwenzhang@fudan.edu.cn
mailto:E-mail:junwenzhang@fudan.edu.cn

3L 3L

I A5 5 A 3 SAH n w RP g B8R, 100G AH T A
FDM-CPON % %t #% i i {5 5 fit 19 Pk 6 & £ W
G (A

TERT IO 58 0 6l b A SCHE— 2B 7R T 16QAM
41 20 km YE2F 9 200 Gbit/s & # FDM-CPON 1, %}
e 43 Fr 70k A0 3 v AMCC X 8 4 3 3 15 5 fif 5 7k
AE Y 52 W0, SC 6 36 9F T 78 AMCC B A8 55 F0 ) BH 7
(MI, ] H] % 2755 ) A [6] B 3fe A AMCC % 840 3 18 15 5
fR A PERE RO SE W T N o RIHE ST TR A 4508 T $di m
EAE SR A k. SRR, AMCC WY
MI K &k 26.10% 4 98 % &y 24.4 MHz B, 5 4%
AMCC It , et AMCC W45 5 5 40 Y 48 551 0 /N
T 3dB.

a4 % E 8 HI/2024 £ 4 B/HHEER

2 PR SR

2.1 AMCCHAREIE

K 1R T FDM-CPON iy 224y, B i PAC R I
FOACEBUR . FE OLT il 1 & 5 v i 8 715 5 Ak B
(DSP) i B 7= A Z A5 5 J5 B T 80 0 Bl 45 K TR
1) ONU, £ [a] — i B rp B A 7 300k Rk & T — 4
ONU , A~ 28 I 14 5 N [R] A0 25 i 8 38 15 5 fl AMCC
5% o AMCC & i 1) & — 3% 5838 Wi i 2 (OOKOfF &,
K505 1 P bR 2 Wl 55 O {5 5 W 6 09 AN A8 5 788 DTG fiff
5 B R = A RS B A A8 ko s Al e s {1 95 o
1 i A8 PR 9 A R0 O AR T B R WHAE S 1AL
R 2 AR A5 5 25 48, X R 8 i s i /N, DR i
N5 NHHMNA) R G IE

AMCC
t
ONU1
(= oo a o
= oo | ‘
downstream
—
) S — N
OLT
t
f
— O

Bl RE NS AL T e AN PE AMCC () FDM-CPON 42 44 €]
Fig. 1 Schematic of FDM-CPON with multiplication-based and addition-based AMCC

WE , AMCC 5 804 38 15 55 fE 50 o i & A
WP 7 ik, B3 AMCC At AMCC, JE B 4n 4] 2 i
Mo Ttk AMCC 274 OOKE 5 )5 , ¥ OOK 5 5
PR AR F T B S O 1, R S B S — AN R 1SR
. BfJGPEAT EREE 1S OOK {5 5 i K 5 %4 4% 18
T 15 5 BE AR 0 25 42 45 AR 3 , 35 T DA 58 i B 4
WA AE S M IRE TR . o OOK F R H S B 115 5
W PR T AN R R ST X6 IO B4 A W 3 K, an ] 2(a)
JT 7 o R R B 0 A 52 BN TR S R B A B AR K
W52, 23tk AMCC 5 808 8 i {5 = S s,
[ 2(b) s , andi = A LR B AR 16QAM [ 5 AL
F4) (L, D) = A i 288 T AR e B A o 15 S e .
B, 4N 5 MITAE K, 145 5 A B2 8 o0 % o 8 0 25 o+ B
P 15, DT 5 E Al A3 A 2 AR 0 TRV X T SR I 45 5
ATRZE B RS R BN S MR . i LIRAR K

7= Umax_ Umin (1)
o
K U s SRS 905 5 R A U 2878 K R

i B8 45 5 W E s U 25 BOR S 80915 5 8 {8015 R 1
A 45 5 R Y - 2 AE, TR

U:¥ (2)
W 5 AT LLR IR R
T Ut U © (3)
SRS 1355 B A S R U,
U o Z BB FR A RO
U =a X Uppns (4)

2T a FR v L P RS Dy B 2B, DU B o AT D SR
]
Z(GUmm - Um;n)

77 - aUmin + Umin ’ ( 5)
et Ja al g
2(a—1)
— o 6
7 a+1 (6)

P OOK 1 iy L - BR U T B9 46 AT L3RR

0806001-2



% a4% E 8 HI/2024 £ 4 B/HHFER

_ 2t (py RS ROA T AT LA A £ S R
2= VAT B2 S R IR R L1555 i P B 3 —
B AMCC I 76 26 B OOK 5505 45 OOK A 7 T, B3R 15555 19 WA (AR 1A 8 (4, SR F O 1Y
b LT B O O, B LT e B o — A s Ay R T IR SRR, SN T O S IRME SN, X E
MR KT OME B . WS 47 Lo ke i PREBOHSIE S REN T 222K Mkl AMCC £
OOK fi 2 K I 5 KO A A 35 B K B AR g 01 5 PR RO QRS RN QT UAm Ty
P AT T 5 R 4 5 BT Q="1

’ (8)
e o e N I T 51— So
SR OOK PRI PR A5 5 R LU SR BEF S oo i o 1 84 00 27
Sof N B A5 S M D0 B8 R IR 2(e) Fr s o i AMCC

B SR 0 T 5 S, Fom W 3 S WA 77 22 5,
HHEE (RS AT R (55 AR o e SRR . B AMCC 5%
PR SRR TR AMCC M52 MR P w5 28 2 S8 S, e M QUi i
BRI AMCC & (A BB A4 1 f1 45 d ks I E0iE F 407, 2 FRE IO & (6 T Tk AMCC
TR W 2D PR — AR EE B QA/NT R AMCC 1 Q. £ 5 F A X 5% .

a

@

1

1

|24 '

! 27 U multiply AMCC
_—

v 1 X i

1

1

1 t

1

K2 &t a5 o E 5 S R B (a) et AMCC 5 800 i 38 5 5 2 s P 5 (b) & 17 St AMCC Ry Bl il 18 15 5 7R
R ()P AMCC 5 Bl il T8 15 538 R AL (d) & T It AMCC 9 50308 3 18 15 5 7R 218
Fig. 2 Schematic of superposition and data-channel signal. (a) Schematic of superposition of multiplication-based AMCC and data-
channel signal; (b) schematic of data-channel signal with multiplication-based AMCC; (c) schematic of superposition of addition-
based AMCC and data-channel signal; (d) schematic of data-channel signal with addition-based AMCC

AMCC By MIX B0 38 38 B 155 7 A BRI PERE 5 52 B AY 52 W gl B K, 52 402 A0 A o At il K, o
SR o X TR AMCC SR UL, MR B A il 555 A& 3(a) ~(e) o 5] 3(a) ~(e) v MI A i < UK 38
£ 18 0 2 B A, 081 45 5 0 P B R R T ORI R R, B 3(D~ () MIELAYZZ AR B[R] 1] 3(a) ~(e) o 1E
{55 B A1 P8 L e TR A O B R il e Rl A E MITBU/INA IR, 20 (0 B2 e i A5 1 (0 1 A 5 JEE

@ ®) © () e o o o
% ¢ & & % % 2 & % % 2 . S ’o S e e o o
L} - -
multiplication » e o o -» e & o e & & o¢ ®e & & o e B & o
® & ° w» « & ® w» o« & B o «* & B *s «® @ B e
" 2 I Y & % % & % % «* & ° % e o ‘e
® (€] ® ® )]

¢ & & o ¢ & & o ¢ & & o L Y 4 L A

. o o o o o & o o0 LR AR 2N J LK R Y L Y
addition . o o o . o o0 F AR A A A LA A
e o o o ¢ o o o ¢ o o 0 L R A Y L B A

7=9.52% 7=13.95% 7=18.18% 7=22.22% 7=26.09%

E3 & T FrEAMInE AMCC i 5088 38 {5 5 2 L (a) () 7=9.52%; (b) (g) =13.95%; (¢) (h) y=18.18%; (d) (i) =
22.22%;(e)(j) 7=26.09%
Fig. 3 Constellations of data-channel signal with multiplication-based and addition-based AMCC. (a)(f) p=9.52%; (b)(g) =13.95%;
(e)(h) p=18.18%; (d)(i) p=22.22%; (e)(j) p=26.09 %

0806001-3



KK M B8 55 /0N 5 78 MBS R IR s, 21 (0 2 ) S 5 il
L A R A A, BRI B B A OK . R AR M L AR IR
B, 4 R AR 5 00 P PR kA T RE S R B A
S AN AL T S N ITE (S 5 i i 5] AR 22
XFFnPE AMCC SR 5, MR K 0 % 3 1 (1915 5 47 1
£ A5°J5 1) 1 SF- A% B 2 B, B S S A T AR AR
JAE 5555 A Bl R AT S AT A R A TR 1 AR SR gl
o B T B S 32 20 5 i R K, R A AR AN
K, R BRI 3D ~G) Fros o Wk,
AMCC % F %5 5 38 38 1 15 5 P 58 52 w1 AL 1 2 AS [
B FEASTRL I MILT 2 [ ) R Bt A TS T
2.2 EIEIER

& 4 &R T T3 FDM-CPON % 45 14 52 36 I 3 1%

\ ! Y,
(@  subl-4 () TX : 1(©) RX , (d) signal DSP AMCC DSP
i ' i Y : absolute
AN 1 i & data in rectification
i | TxDsP || awG | ] 1| Lo | - : — e
QAM generation v ! i ! |down-convers10n | smooth filtering |
. v 20-km SMF | ADC% g : :
up-sampling /] 1 ! ICR offline | I coherent DSP I |energy detection|
: dual- i | | DSP |1 :
| pulse shaping | / | ECL | polarization i /@/ o E | QAMI?eMod | | decision |
load AMCC E 1Q modulator | phos ! j

& 44 3% E 8HI/2024 & 4 B/HFEIR
B KSR (Tx) ) DSP N 4(a) ff /s, 76 38 i Bl AL
¥ 30 A= g B A A GE 0 AE S BUE R L B R T g R
16QAM., 55 % K 6.25 GBaud, & T i {5 5 5 1F
B = A 25 (AW G PR FFIRIFE 9 R AE#(100 GSa/s)
TWEMEEHITI6AF LR, BB ES SRR R
R 0.1 B M T 4% 5% 08 0 A% 2E AT 5 R, o0 R A
b A = 5 A 1 = < S /9 =1/ 0 A4 o A4 N )
OOK 55, 58 i e v gl dE et J5 , LoRAE S 5 8
P8 38 1 05 T K E A, IF 5 8008 8 18 0 15 5 A0
AN . ¥ 5 AMCC 454 5 055 F 2845 8| A
[v] By 401 B, A AN [R) 8 - 30k o 3l A o T AT T Rk
FS M, T LSRR F 2RI G S A
AWG

[BER calculation| [BER calculation]
L 2 v

P4 S B () A B DSP 5 (b) S 5 i 52 90 3 B 5 (o) 4 Moo 2 90 42 5 (d) el DSP

Fig. 4 Experiment setup. (a) DSP of transmitter; (b) experimental setup of transmitter; (c) experimental setup of receiver; (d) DSP of

SO R GRS e I HEZR 1K 4 (b) TR o AR Y
WELHIEES ST AWG 58 BB i 3 (DAC) ,
T A P15 5, 8 ok A — S XU 1Q 93 ) 4% LA 58 A%,
PEL ] o XU TQ I il #5155 FH 9 &1 B 30Ot 2% (ECL) 19
K K 1552.5 nm, 3 H £k 95 /N F 100 kHz. 8 i — 4
B EOE AT i K 8% (EDFA) Xt 5¢ J8 8 i) (19 15 5 PE 47 ik
KA T A AT ZAEL B AL R e
7E 0 dBm J& 2% A 20 km fG4F .

S R GE W A HEZR AN [E] A (o) TR . &ad
20 km [ G ET I, 8 2 — A 0] JE 6 = AR (VOA)
BAE T MWL T R (ROP) , B JE 1R 5 8 —
A B T HL(ICR) #2100, ICR WA PR I K 0
1552.5 nm, £k %5 /N T 100 kHz. #% ICR #: i i {5 5
W — A R RE R N 40 GSal/s 1Y BFE AF 8 R U
(DSO) 5E BB B e, 15 20 4822 0 807 15 5 0F it 47
B2 DSP .

P ) DSP A& 4(d) Frs o 38 2 DSO 3R 1554
ARG, T A5 5 AT T AR, A A5 5 28T [l 2]
oAty o [a) Ao 3 o DG i 8 U 08 B Ho At 7 3R THE S
41 W L sl 2 D D) B R . B S E AT AMCC AL i 1)
OOKTE S Wi, 5 — P W EREUE SR ME, h T
XA Y PR IR AL 5 09 OOK (5 52 4[5 4, B itk X A
Y A B A5 104 AR Ak R A TR 1Y 7E 3R BOR
BF AT DA ) B 4 B XORN Y i 3 15 5 04 W 1B R LA

recelver

6 S (L 120 28 A S A 5 5 A T B N 4R IO i A
AT -V g B, B R EUE S 4% 5 = T Bk TR
RO R R B 1 5 A Sy s AR P T A R AR AR IR
A5 550U A T BB IS O 2R AT R R G, AT A TR
OOK 55 ;5 i 46 W B 15 1) OOK 7 5 5 & 4
B OOK 55 #47%F b, 3F 31 H BER 5 Q. OOK {55
i B 58 B, BN 8 8 1A R B 22 B9 A T DSP
AT . A+ DSP A5 38 i Gram-Schmidt 1IF 32 1k
w2 (GSOP) 58 B AE 22 AL A — A4k 6 £F ik it
BRI SE 3E I R Y A S A R Y A A £
TR IR T, DL RGE i A e 5 | 0 B /N8 O Bk
(DD-LMS) #MZFE A M 75 58 ik 6 45 358 5 RV mT gk
17 16QAM W I8 IF 115 BER.

3 SEEEIRE

T B 3E 7 5 3 FDM-CPON | 3 AMCC #l
Tt AMCC X T %0808 38 38 15 5 1 78 B9 52 i, K 1 7
AFEBMIF, 53t AMCC Fintt AMCC & i) %t
P 30 38 5 5 10 R ZR DL & AMCC & i 1) OOK
Fom QMg E 5w, ME S(a) Mg Ral LLE
e RS AMCC &, s 8 18 5 5 1) RS N
—29.4 dBm; 78 5 MI N 18.18% i e ¥ AMCC Z il
o, RAEUE N —28.2 dBm, REUEMRM N 1.2 dB; £E
5 MI Jy 26.09% B AMCC & hn )5 , R JE K

0806001-4



@
107

BER

—a— without AMCC
—e— mul with MI of 18.18%
—v— mul with MI of 26.09%
—a4 — add with MI of 18.18%
—¢ — add with MI of 26.09%

-4 1 1 Il
w -30 -28 -26 -24

ROP /dBm

[ 5

% a4% E 8 HI/2024 £ 4 B/HHFER

S

'__._F_..._—o—-v——‘—"
I?F.~._—~_._—.

'..dv--'-v-’"“’”

—
(=]
T

—
'S
T

—#—mul with MI of 18.18%
—&—mul with MI of 26.09%
—4& ~add with MI of 18.18%
=¥ —add with MI of 26.09%

Q of AMCC /dB
=
[\

—
(=]
T

‘_..‘.—b—-—-‘—'*'_A"‘

6 1 1 I 1 1 1 1 1 1
-30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20
ROP /dBm

AMCC 52, (a) 5 3t AMCC FinE AMCC 45 4 #9806 30 18 15 5 10 R B il 2k 5 (b) ek AMCC Rtk AMCC Y Q Fifi

ROP 175 1k il £

Fig. 5

Impact of AMCC. (a) Sensitivity curves of data-channel signal with multiplication-based AMCC and addition-based AMCC;

(b) Q of multiplication-based AMCC and addition-based AMCC varying with ROP

—27.0dBm, REERM N 2.4 dB; 75 M1~ 18.18%
FymdE AMCC & s , REE R —26.5 dBm, 2 &
M H 2.9 dB; 75 M1 N 26.09% B Itk AMCC &
Ja , REGE R —24 dBm, REEMRAM A 5.4 dB. LK
gE LI AE M R ROP A1 MI R, 36 AMCC %) %L
P 38 B A5 5 A BOUE W2 /N, T 5(b) i 45 R
W T EM R 50T, etk AMCC 1 Q K F I
AMCC, X 5 R M i 458 & —8hy . Wik,
FE T A% i i BROR P A5 55 B B8 38 A AMCC
T 3 9 T A A e SR i X 6 T R A {4
Lo AMCC A& i {5 = 19 52 ma 5 /)N

5] Bsf, 3 3k S 56 6 3E T MI X F 8o i GE S R
T LA K AMCC I Q2 m , & 6 i . A T 14
UE ZF 5 ME — | ZE I MI ST F AMCC # Q 1Y 52 Wil i
e, [# %2 ROP S —28 dBm, [#l i AMCC B4 55
244 MHz, K 6 &8R0T LLAE S, T ie 2k
AMCC i 2tk AMCC, 24 MI ¥ KB, & {7148 45 5k

-23

—#— sensitivity with mul AMCC
—e - sensitivity with add AMCC
—m— @ of mul AMCC
—e— @ of add AMCC

—24t

-25

-26

=27

Sensitivity /dBm

-28

-29

-30 1 1 1 1 1

S N s O

10.0 15.0 20.0 25.0

MI /%

% 6

8 30 T8 15 5 10 R BORE T Ol T MOk MR W ST L T A
ME ML, 53 AMCC 45 & 09 B0 i (5 5
AT 5 AMCC 25 & /) 508 8 8 (5 5 1 & 5
R R R, ML R 26.1% B, 53Rk
AMCC &5 A B B s W 5 5 R 8E 5 %
AMCC 455 B i 55 REE S T 3dB. MY
MI 8 fin i}, JE 8 & 3 P AMCC i J2& fin Pk AMCC, Q
BBl 2 38K . PR AE B AMCC g MI B, 75 28 2%
A 7 O O RO T A S AMCC A B L s
SRR, R B G ML /N ) A% e A R g
il {5 5 B T B, AT 52 T D 5 18 R 1 MITER R,
S o BOHE A T S ok R B RO AR AN . [,
E 6w (1) 3 AMCC 1Y HR 1, & 1% i 37 R 3 Fa
L (i) b AMCC /Y BR &, 5 4% H S 9% 3 IR W
KB AR )R QI I ZH A, M EMQ
AN X b g R 5 R Ay b MR 2o S —
HW .

B
2

Q of AMCC /dB

53k AMCC fintk: AMCC 256 B 80 8 18 15 5 76 A TRl B ML (1 22 SR DL KGR AMCC Ffiin i AMCC ZEANR I MI R Q

Fig. 6 Sensitivity of data-channel signal with multiplication-based AMCC and addition-based AMCC at different MI, and Q of
multiplication-based AMCC and addition-based AMCC at different M1

0806001-5



a4 % E 8 HI/2024 £ 4 B/HHEER

AN I8 T S I UE T AMCC B4 98 % T 54 a8
WA 5 REE L AMCC 1 QIR , W id 7 it/ .
JT AR O —  7E R AMCC 1 SE X
AMCC ) Q 52 mm o #2 v | [ % ROP iy — 28 dBm, [#
£ AMCC I MI R 18.2% I 7B &5 3R v LLE
Toig & et AMCC 8 &2 it AMCC, 24 AMCC [ 37
o 1 I, B G (S 0 R S BRAL, TR
B S REAL . AR A A B SE T, et AMCC X F
B B AE S 0 REE R N . 7E AMCC [ 58
g 48.8 MHz I, 5 3t AMCC &5 4 i B i i 15 5
) RAEE R —28.1 dBm, 5 ik AMCC 25 & (1) £ 4 i
WES W REE R —26.2dBm, HHF 2 1.9dB, i

-255 = sensitivity with mul AMCC 28
—e —sensitivity with add AMCC
260} —=—Q of mul AMCC 124
—e—Qof add AMCC . — - —+@
& -265F il 120
m
z
> 270} y B
=
g _ars5} 142
<]
wn
-28.0} T
_285 | ' I
20 40 60
Bandwidth /MHz

K7

M AMCC (77 9 38 i, J6 e 2 e AMCC i A2 Jin
P AMCC, Q # B = W /N o 76 A7 [/ 47 98 T , ofe %
AMCC ) Q K Ttk AMCC 1y Q. AMCC Ry 5 7%
A3 T 548 38 38 15 5 F AMCC B B & 15 5 19 5% i
T B BN AT TE 4 BRI (S ORI R
AN/ R F 55 T o e . R e B i,
SR L R B L E S M SR B AT, JE W Al R
KB 56 o [FEF, B 79 G) 3t AMCC By HR &, &
% AR R e, i) i AMCC B R & 5 G L
W sh AR R K, e R () T QI 2K L R
A QBN X 2 R 5 JF B 43 Hr v AMCC YA 58
B4 52 i) 2 — AN o

Q@ of AMCC /dB

53t AMCC RN AMCC 454 0 B0 38 5 5 76 N RV 58T 19 2 S0 DL et AMCC FfjindE AMCC ZEAN TR 56 T 1 Q

Fig. 7 Sensitivity of data-channel signal with multiplication-based AMCC and addition-based AMCC at different bandwidth of AMCC,
and Q of multiplication-based AMCC and addition-based AMCC at different bandwidth

4 4 ik

A CAE 3 FDM-CPON /56 31E I X5F 43 47 1 e
P AMCC Bt AMCC X T 506 8 38 15 5 g DL K
AMCC £ %1 B9 OOK 15 PERE AV 52 . 36T 20 km Ol
27 1% fi 1) 200G AH T 2k % & H FDM-CPON % %t 19 3¢
U 4k R R0 TE AL B 16QAM I, 3’ AMCC % T %
38 38 {5 5 58 B AN ) SRR 0B i /N, AMCC A%
WSS QWHE., fEMIHN26.1% AMCC 5 N
24.4 MHz i, 5 W F AMCC 45 4 i 5 98 i 38 19 15 5
R Fe KA 22 3 dB. [RIE, 5286 38 W 1 AS 7] 79
AMCC By MI AT T8 X 4 3 18 15 5 R 8B /9 5%
AR 25 R S R h 45 e e G . LR
58 R A N R R A T 4 T G TR O W 4%
AMCC e 5 2 %Rt HEE S %

e

Z

Z X W

[1] Psannis K E, Kokkonis G, QoE
assessment of video codecs for video streaming over 5G networks
[C]/2020 3rd World Symposium on

Engineering (WSCE), October 9-11, 2020,

Greece. New York: IEEE Press, 2020: 34-38.

Minopoulos G, et al.

Communication
Thessaloniki,

[2] Kim J H, Kim J. A study on 5G-based AR/VR technology[J].
Journal of Digital Art Engineering and Multimedia, 2020, 7(4):
383-394.

[3] ChenSZ, Sun S H, Kang S L. System integration of terrestrial
mobile communication and satellite communication: the trends,
challenges and key technologies in B5G and 6G[J]. China
Communications, 2020, 17(12): 156-171.

Hassan N, Yau K L A, Wu C. Edge computing in 5G: a review
[J]. IEEE Access, 2019, 7: 127276-127289.

Zhang J W, Li G Q, Xing S Z, et al. Flexible and adaptive
coherent PON for next-generation optical access network[J].
Optical Fiber Technology, 2023, 75: 103190.

Chung H S, Lee H H, Kim K O, et al. TDM-PON-based
optical access network for tactile Internet, 5G, and beyond[J].
IEEE Network, 2022, 36(2): 76-81.

LiG Q, Yan A, Xing S Z, et al. Demonstration of pilot-aided
continuous downstream digital signal processing for multi-
format flexible coherent TDM-PONIJ]. Journal of Lightwave
Technology, 2024, 42(4): 1312-1320.

Xing SZ, LiG Q, Yan A, et al. Principle and strategy of using

[4]

(5]

(6]

(7]

(8]
probabilistic shaping in a flexible coherent passive optical
network without optical amplifiers[J]. Journal of Optical
Communications and Networking, 2023, 15(8): 507-517.

(50G-PON):

physical media dependent (PMD) layer specification: ITU-T

Recommendation G.9804.3[S/OL]. 2021-09-06. https: /handle.

itu.int/11.1002/1000/14714.

Lavery D, Erkiling S, Bayvel P, et al. Recent progress and

outlook for coherent PON[C] //Optical Fiber Communication

50-gigabit-capable  passive optical networks

[10]

0806001-6


https://handle.itu.int/11.1002/1000/14714
https://handle.itu.int/11.1002/1000/14714

% a4% E 8 HI/2024 £ 4 B/HHFER

Conference, March 11-15, 2018,
Washington, DC: OSA, 2018: M3B.1.

San Diego, California.

general requirements amendment 1: ITU-T Recommendation
G.989.1[S/OL]. 2013-08-15. https: /www.itu.int/rec/ T-REC-

[11] Zhang J W, Jia Z S, Xu M, et al. Efficient preamble design (G.989.1/en.
and digital signal processing in upstream burst-mode detection [18] Guo H P, Yang C C, Gao Y F, et al. AMCC nonlinear
of 100G TDM coherent-PON[J]. Journal of Optical baseband superimposition and extraction aided by proposed
Communications and Networking, 2021, 13(2): A135-A143. interference cancellation for WDM-PON used in 5G mobile

[12] Xing SZ, LiG Q, Sun A L, et al. Demonstration of PS-QAM fronthaul[J]. Optics Express, 2022, 30(18): 31602-31613.
based flexible coherent PON in burst-mode with 300G peak [19] Igarashi R, Koma R, Hara K, et al. Simultaneous reception of
rate and ultra-wide dynamic range[J]. Journal of Lightwave AMCC signals and QPSK signals by a single coherent receiver
Technology, 2023, 41(4): 1230-1239. with DSP[J]. Optics Express, 2022, 30(26): 48030-48041.

[13] Harstead E, Bonk R, Walklin S, et al. From 25 Gb/s to 50 Gb/s [20] Gatto A, Parolari P, Brunero M, et al. RSOA-based FDM
TDM PON: transceiver architectures, their performance, PON upstream with flexible multiple access capabilities in an NG
standardization aspects, and cost modeling[J]. Journal of Optical -PON2  compliant  architecture[J].  Journal of  Optical
Communications and Networking, 2020, 12(9): D17-D26. Communications and Networking, 2016, 8(5): 302-307.

[14] Yeh C H, Wang B Y, Hsu W H, et al. A simple WDM-PON [21] Wang J Y, Shen W W, Chen J, et al. Demonstration of
architecture together with private interconnected ONUSs[J]. auxiliary management and control channel signal transmission
IEEE Access, 2021, 9: 126319-126323. for FDM coherent passive optical network[C]//2023 Opto-

[15] Elsayed E E, Yousif B B. Performance evaluation and Electronics and Communications Conference (OECC), July 2-6,
enhancement of the modified OOK based IM/DD techniques for 2023, Shanghai, China. New York: IEEE Press, 2023.
hybrid fiber/FSO communication over WDM-PON systems[J]. [22] Shen W W, Wang J Y, Li G Q, et al. Comparative study of
Optical and Quantum Electronics, 2020, 52(9): 385. multiplication-based and addition-based auxiliary management

[16] Spolitis S, Murnieks R, Skladova L, et al. IM/DD WDM- and control channel for FDM PON[C]//2023 Asia

PON communication system based on optical frequency comb
generated in silica whispering gallery mode resonator[J]. IEEE
Access, 2021, 9: 66335-66345.

Communications and Photonics Conference/2023 International
Photonics and ~ Optoelectronics  Meetings (ACP/POEM),
November 4-7, 2023, Wuhan, China. New York: IEEE Press,

[17] 40-Gigabit-capable passive optical networks (NG-PON2): 2023.

Auxiliary Management and Control Channel Transmission and
Performance of High-Speed Coherent Frequency Division Multiplexing
Passive Optical Network System

Shen Wangwei, Wang Jiaye, Li Guogiang, Xing Sizhe, Yan An, Li Zhongya, Shi Jianyang,
Chi Nan, Zhang Junwen’

Key Laboratory for Information Science of Electromagnetic Waves , Ministry of Education, School of Information

Science and Technology, Fudan University, Shanghai 200433, China

Abstract

Objective  With the development of the new generation of mobile communication technology, there is an increased
demand for bandwidth, speed, and latency in passive optical networks (PONs). Wavelength-division multiplexing PON
(WDM-PON) which utilizes frequency resources for bandwidth allocation can assign different channels to different optical
network units (ONUs) simultaneously. This eliminates time slot competition among ONUs, reduces system latency, and
holds promise for addressing high-latency issues. An embedded communication channel called the auxiliary management
and control channel (AMCC) has been proposed and successfully implemented in WDM-PON to enable the transmission of
management and control information at a lower cost without altering the frame structure. In recent years, there has been
increasing attention to frequency-division multiplexing coherent PON (FDM-CPON), which also supports bandwidth
allocation in the frequency domain. To complete AMCC transmission in FDM-CPON, we put forward two simple and
cost-effective transmission mechanisms of transmission management and control signal for FDM-CPON, including the
addition and multiplication of AMCC and data channel at the digital end. Meanwhile, we conduct a comparative
analysis on the performance of these two transmission mechanisms in a 200 Gbit/s FDM-CPON system based on 16QAM
transmission over 20-km fiber. The research results provide references for AMCC transmission and system design of high-
speed FDM-CPON in the future.

Methods To implement the two transmission mechanisms and conduct a comparative analysis on their performance in a
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200 Gbit/s FDM-CPON system based on 16QAM transmission over a 20-km fiber, we generate 16QAM and on-off
keying (OOK) signals for the transmission of data channel and AMCC at the digital end respectively. After mapping the

low level in OOK to 1 and the high level to a real number greater than 1, the OOK signal can be up-sampled to the same
length as the data channel signal. By multiplying bitwise, the combination of multiplication-based AMCC and the data
channel can be achieved. For addition-based AMCC, the low level in OOK should be mapped to 0, while the high level is
mapped to a complex number with both real and imaginary parts greater than 0. This mapped signal is then added bitwise to
the data channel signal. After the combination of AMCC and the data channel, the signal is received by an integrated
coherent receiver (ICR) over a 20-km fiber. At the receiver, the amplitude of the received signal is extracted, and the
amplitude variations of the signal are obtained by smoothing filtering. After energy detection and inverse mapping, the
decoding of the OOK signal is completed. Simultaneously, the received signal undergoes the classical coherent digital
signal processing (DSP) for decoding. Additionally, we modify the modulation index (MI) and bandwidth of AMCC at the

transmitter, studying the performance of the two transmission mechanisms in different conditions.

Results and Discussions We test the sensitivity curves of data channel signals overlaid with both multiplication-based
AMCC and addition-based AMCC under different MIs, as well as the Q curves of OOK signals transmitted by AMCC.
Under the same receiver optical power (ROP) and MI, the influence of multiplication-based AMCC on the sensitivity of
the data channel signal is smaller. Simultaneously, the Q value of OOK transmitted by multiplication-based AMCC is
greater than that of addition-based AMCC. We also experimentally verify the effect of the MI and bandwidth of AMCC on
the sensitivity of the data channel signal and the Q value of AMCC. Under the same MI and bandwidth, the data channel
signal combined with multiplication-based AMCC exhibits higher sensitivity and power budget than the data-channel signal
combined with addition-based AMCC. Meanwhile, the larger MI and bandwidth lead to a greater influence of AMCC on
the performance of the data-channel signal. When the MI of AMCC is set at 26.1% with a corresponding bandwidth of
24.4 MHz, the effect of multiplication-based AMCC on signal sensitivity is 3 dB lower than that of addition-based AMCC.

Conclusions We verify and compare the effects of multiplication-based AMCC and addition-based AMCC on the
performance of the data channel signal and the OOK signal transmitted by AMCC in a high-speed FDM-CPON.
Experimental results from a 200 Gbit/s FDM-CPON system based on 16QAM transmission over 20-km fiber indicate that
multiplication-based AMCC has a smaller influence on the sensitivity and power budget of the data-channel signal, with
higher Q value of the AMCC-transmitted signal. When the MI of AMCC is set at 26.1% with a corresponding bandwidth
of 24.4 MHz, the effect of multiplication-based AMCC on signal sensitivity is 3 dB lower than that of addition-based
AMCC. Additionally, experiments are conducted to assess the effect of different MIs and bandwidths of AMCC on the
sensitivity of the data-channel signal, with results consistent with the conclusions drawn from theoretical analysis. The

results provide significant references for AMCC transmission and system design of high-speed FDM-CPON in the future.

Key words optical communications; coherent passive optical network; coherent optical communication; optical fiber

communication; frequency division multiplexing; auxiliary management and control channel

0806001-8



	2　技术原理与实验装置
	2.1　AMCC技术原理
	2.2　实验测试

	3　实验结果与分析

