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To reduce the number of pump light sources in all-optical networks, we
propose a remotely controlled wavelength conversion technique in which the pump light sources can be
concentrated in a few nodes. We analyzed the impact of signal distortion caused by pump light
propagation in optical fibers on wavelength conversion by computer simulation for core-metro
networks. To employ the proposed method on the access metro convergence networks (AMCNs), we
conducted the fiber transmission experiments to analyze the impact of signal distortion caused by
pump light propagation in optical fibers on wavelength conversion. In addition, we solved the
optimization problem of the reduction ratio of the number of pump light sources.



1

(Wavelength division multiplexing, WDM)

(5G) 2020
WDM
WDM
1(a) Node#0~#3 4 WDM
" Reserved” Node#0
Node#3
1(b) Node#2
[ Jomsusrcsora
Link#0-1 | Link#1-2 | Link#2-3 Link#0-1 | Link#1-2 | Link#2-3
Ao Reserved ERZE# 4 Reserved
A, | Reserved | Reserved A, | Reserved | Reserved
Eg — — — > : :
Node#0 Node#1 Node#2 Node#3 Node#0 Node#1 Node#2 Node#3
(a) EREBRE LDBE (b) ERZE#RH Y DiFE
1
2 1.1.2
(Laser Diode, LD)
3(a) 3
(b)
4(b)
HESWNE/ —F B )
BrooEEEHE KESNE/ —F P e

(a) EEHIEE 2 7=
YNNG LBk ) — N

@y miwzE/ —

@

(b) il I H IR
Z HIRE L 7= JENW

[3 AHIFSE C R4 2 iak B il R OIC (5 5 AL PR A

HEL

(a) ERDOENIRRER

&4

8—s—

(b) FEFRHIHE SRR R TR

[543z [ il AR 401G R Ay OO ) (R



20dBm 100
BER
BER
BER
2
RP-AOWC
SPM
ASE -
ASE 2R — 34
ASE B e
ASE B -24 —x—l”umppawcvf—SdBm)/"OE
£ 03
S % £
OSNR 2
OSNR  14.5 dB 5 28 23
BER 7% % N 5
(Hard-Decision  Forward Error < ,é
Correction: HD-FEC) -32
5
34 18
1 2 4 § 7 8 9 10
ASE OSNR Number of amplification
21 dB >
SSMF 80 km ( )ASE () OSNR
5 dB
-5 dB 10 ©
300km
6 BER 6(a) 6(b)
QPSK 1 dB
16QAM OSNR 30 dB 2.3 dB OSNR
7
BER QPSK 16QAM



101 10+ - B =
J oo e S ok s < "
EP‘\ = 30d8 .5 = 30 dB g ‘\b\
?\%.“ - 20d8 \\@‘;\a‘g. X 20 dB \ -
g 102 X’W mqm; :8: \D‘. § 2 xmy Q\_@@;eqm E aPsK \‘.§ T
\‘\ FEC limit \‘\ FEC limit 5 ‘\.‘
RN A L S
103 Theory > S 103 _ b 1 .8 10 12 14 16 ; 18
8 10 12 14 16 18 20 8 10 12 12 16 18 20 OSNR [d8]
OSNR [dB] OSNR [dB]
(a) AWKy 7. (b) Wik%EA Y 7K.
6 BER. 7 BER
©
AMCN
RP-AQWC PON
AMCN 7 OLT
AQWC
ONU
RP-AQWC AOWC
- snngrn |-
%“ i‘wi' : oLT+
/= : — i
ﬂ N
A 22 \As e LA\ 26
‘ ONU1 |ouua | ONU4 |°NU5 i
BhL3HEDIBCE R]— 1 & TG
(a) 7% FAMCN, (b) RP-AOWC % 35 £ L 7=AMCN,
7 AMCN ©
ONU ( ) ANCN
AOWC AMCN AOWC RP-
AQWC AOWC AMCN
Na x Nd Na PON ONU
Nd OLT ONU
AQWC AMCN
PON
Na AQWC
AMCN
75% RP-
AQWC AMCN
8 (a) Back-to-back M 1 (o) 2
SSMF 2
1 2 2



Signal
1552 nm OSNR monitor
[ S

<100 kHz
0dBm

12G5a/s, 10Gbaud 3|32

HESE

™ 2|8 |8|2(2

HHEHAEH

Rx 2123[a2

SHAEEE

i 2 NEIEIEIE]

Optical Line S| (% 'i

------------- lectrical Lin e
Electrical Line 1552 7m

<100 kHz

(a) Back-to-back.

Pump
1554 nm or
1550 nm

OSNR monitor

Spectrum
Analyzer

<5 kHz or
<1kHz
1556 nm or
1554 nm 1552 nm or
. 1548 nm
(b) One-stage wavelength conversion.
PD | OSNR monitor
27 stage
Spectrum
Purrip Analyzer

1550 nm

(c) Two-stage wavelength conversion.

8 ©lEEE

1556nm 1552nm BER 9(a) 1552nm 1548nm BER

9() 2 BER 9(c)
Back-to-back AOWC RP-AQWC
HD-FEC BER= 3.8 X 10-3

OSNR 0.5 dB OSNR

cw
APC
APC

0.5 dB OSNR

B 10* 10°

g 10 1 12 13 14 15 10 11 12 13 14 15 10 1 12 13 14 15
OSNR [dB] OSNR [dB] OSNR [dB]
(a) 1 B (1552 nm). (b) 1 B&# (1548 nm). (c) Rk

9 BERCIEEE



3 1 0 0

TSUJI Ryota HISANO Daisuke MISHINA Ken MARUTA Akihiro E103.8

Remote Pumped All Optical Wavelength Converter for Metro-Core Photonic Networks 2020

IEICE Transactions on Communications 1282 1290
DOl

10.1587/transcom.20190BP0016

Tsuji Ryota Hisano Daisuke Takano Hiroki Nakayama Yu Mishina Ken Maruta Akihiro 13

Remotely Pumped All-Optical Wavelength Conversion for WDM-PON-Based Access-Metro Convergence 2021

IEEE Photonics Journal 1 10
DOl

10.1109/JPHOT.2021.3071881

Shibita Sho Hisano Daisuke Maruta Kazuki Nakayama Yu Mishina Ken Maruta Akihiro 13

Optical Reflection Interference Equalization for Single-Wavelength Bidirectional WDM-PON 2021

Transmission System

IEEE Photonics Journal 1 15

DOl
10.1109/JPHOT.2020.3045049

7 0 4

Takano Hiroki Hisano Daisuke Mishina Ken Maruta Akihiro

AMCC Superimposed All-Optical Wavelength Converter for Access-Metro Convergence Network

25th Optoelectronics and Communications Conference (OECC 2020)

2020




Ryota Tsuji, Daisuke Hisano, Yu Nakayama, Ken Mishina, Akihiro Maruta

Remote-Pumped All-Optical Wavelength Conversion for WDM-PON-based Access-Metro Convergence

25th Optoelectronics and Communications Conference (OECC 2020)

2020

2020

Daisuke Hisano, Kazuki Maruta, Yu Nakayama

Low Cost C-RAN and Fronthaul Design with WDM-PON and Multi-hopping Wireless Link

IEEE Consumer Communications & Networking Conference (CCNC)

2020

Ryota Tsuji, Daisuke Hisano, Ken Mishina, Akihiro Maruta

Analysis of Wavelength Converted Signal’ s Degradation Induced by Remote Pump Light

OptoElectronics and Communications Conference/ International Conference on Photonics in Switching and Computing 2019
(OECC/PSC 2019)

2019




WDM-PON

2020

2020




