a2 United States Patent

Xu et al.

US008989580B2

US 8,989,580 B2
Mar. 24, 2015

(10) Patent No.:
(45) Date of Patent:

(54) LONG-DISTANCE BOX AND METHOD FOR
PROCESSING UPLINK AND DOWNLINK

LIGHT THEREOF

(75) Inventors: Jidong Xu, Shenzhen (CN); Dezhi

Zhang, Shenzhen (CN)
(73) ZTE Corporation, Shenzhen (CN)

")

Assignee:

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 253 days.

Appl. No.: 13/576,180

@
(22)

(86)

PCT Filed: Dec. 2, 2010

PCT No.:

§371 (D),
(2), (4) Date:

PCT/CN2010/079388

Jul. 31, 2012

PCT Pub. No.: WO02011/137645
PCT Pub. Date: Nov. 10, 2011

87

(65) Prior Publication Data

US 2012/0294615 Al Nov. 22, 2012

(30) Foreign Application Priority Data

May 1, 2010 (CN) 20101 0173399

(51) Int.CL
HO47 14/00
HO4B 10/25

(2006.01)
(2013.01)

(Continued)

(52) U.S.CL

CPC H04B 10/2503 (2013.01); H04J 14/0282

(2013.01); H04Q 11/0067 (2013.01);
(Continued)

Field of Classification Search
CPC HO4B 10/2503; HO04J 14/0282; HO04J
14/0246; HO4J 14/0247; HO4J 14/0252;
HO47J 14/025; H04Q 11/0067; H04Q
2011/0073
See application file for complete search history.

(58)

(56) References Cited
U.S. PATENT DOCUMENTS
4378951 A *  4/1983 Nagao ....cccecovevvevveenennn 385/47
2008/0181613 Al™* 7/2008 Bouda .......cccevvreneenn. 398/98

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101425852 A 5/2009
CN 101478348 A 7/2009
(Continued)
OTHER PUBLICATIONS

Gigabit capable passive optical networks (GPON): Reach extension;
G.984.6 (2008) Amendment Nov. 13, 2009.

(Continued)

Primary Examiner — Ken Vanderpuye

Assistant Examiner — David Lambert

(74) Attorney, Agent, or Firm — Oppedahl Patent Law Firm
LLC

7 ABSTRACT

The disclosure provides a long-distance box and a method for
processing uplink light and downlink light of the long-dis-
tance box, uplink light and downlink light from different
Passive Optical Network (PON) systems are split, the uplink
light from the different PON systems is transmitted through a
first optical path, and the downlink light from the different
PON systems is transmitted through a second optical path;
wherein the uplink light from the different PON systems is
amplified by an Optical Amplifier (OA) and then output to
Optical Line Terminals (OLT) of respective systems; the
downlink light from different PON systems with the different
wavelengths is transmitted through different optical sub-
paths ofthe second optical path according to the wavelengths
of the downlink light, and the downlink light is amplified by
different Optical-Electrical-Optical (OEO) conversion
devices on the different optical sub-paths and then output to
Optical Network Units (ONUs) of the respective systems.
The disclosure applies a hybrid long-distance box combining
OEO and OA technologies to process a point-to-multipoint
fiber access of a coexisting PON system, integrates advan-
tages of both OA and OEO, and has high reliability, such that
both uplink light and downlink light from different PON
systems are amplified effectively.

5 Claims, 4 Drawing Sheets
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Fig. 3

Uplink optical path
amplifier

SR 4 RIS

. 2

Second | First TAP
optical | [ optical ™ o5 pjer
diplexer | 4 |jmm—mm— e ——————— | diplexer

R
Rx1 [ First

B e Wt wavelength
I division
Tx2 [4— Rx2 —EEmuItipIexing
|
|
|
|

Ri|Tx1 |«
I

Second
wavelength
division  |pl
multiplexing
filter I

r
|

— -+
|

-

(@]

10

| !
Second OEQ filter

Local management box

Fig. 4

First embedded

optical network
terminal \

Local controller [«—» Second / Filter =

A
Y

A

embedded
optical network
terminal
Embedded optical
network terminal(EONT)

Local management box




U.S. Patent Mar. 24, 2015 Sheet 3 of 4 US 8,989,580 B2

Fig. 5
C interface _
Wavelength division P interface
multiplexing filter
R interface
Fig. 6
Intert 2 ' ' Interface 3
nerace - Optical diplexer 4 >

(optical circulator)

In

Interface 1



U.S. Patent Mar. 24, 2015 Sheet 4 of 4 US 8,989,580 B2

Fig. 7

700

Uplink lights and downlink lights from different PON systems are spilit,
the uplink lights from the different PON systems are transmitted
through a first optical path, and the downlink lights from the different
PON systems are transmitted through a second optical path

701

The uplink lights from the different PON systems are amplified by an
optical amplifier and then output to OLTs of respective systems; and
according to the wavelengths of the downlink light from the different
PON systems, the downlink lights with different wavelengths are
transmitted through different optical sub-paths of the second optical
path, and amplified by different OEO converters on the different optical
sub-paths and then output to ONUs of the respective systems
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1
LONG-DISTANCE BOX AND METHOD FOR
PROCESSING UPLINK AND DOWNLINK
LIGHT THEREOF

TECHNICAL FIELD

The disclosure relates to an optical network system, and in
particular to a long-distance box and a method for processing
uplink and downlink light thereof, applicable to a coexisting
Passive Optical Network (PON) system.

BACKGROUND

A rapid development and low cost requirement of a cable
wideband access technology promote a development of
gradually replacing an existing copper (cable) system with
optical fiber, that is, exit of copper and development of the
optical fiber have become a trend. Simultaneously, with
broadest, fastest and most environmentally friendly features
of PON, and with features of a long-distance PON having a
structure for a flat and simplified network, and advantages
such as adaptation to a network structure with a long distance,
reduced investment cost and the like, PON is being accepted
by most operators and starts to or is ready to be deployed, in
order to satisfy gradually increased communication users and
faster and better service demand.

A long-distance PON is a point-to-multipoint optical fiber
access technology. FIG. 1 shows a structure diagram of an
existing long-distance passive optical network, and as shown
in FIG. 1, the long-distance passive optical network includes
an Optical Line Terminal (OLT), an Optical Network Unit
(ONU) and an Optical Distribution Network (ODN). Gener-
ally, one OLT is connected with multiple ONUs through a
light reach extender box (also called long-distance box) and a
light power separator (short for optical splitter) to form a
point-to-multipoint structure, as shown in FIG. 1.

At present, in order to reduce investment cost and achieve
multiplexing of ODN, several PON systems (hereinafter
referred to as coexisting PON system) may share one ODN in
a passive optical network. As shown in FIG. 2, FIG. 2 shows
a structure diagram of a coexisting long-distance passive
optical network, as different PON systems, such as, a PON
system with coexistence of such two kinds of PONs: a GPON
and an XG-PON, generally have different uplink and down-
link wavelengths, wherein the downlink wavelength of a
GPON is 1480 nm-1500 nm and the uplink wavelength of the
GPON is 1290 nm-1330 nm, while the downlink wavelength
of an XG-PON is 1575 nm-1581 nm and the uplink wave-
length of the XG-PON is 1260 nm-1280 nm. An existing
long-distance box is mainly designed for a single-PON sys-
tem, for a system in which multiple PONS coexist, long-
distance boxes for a single-PON system cannot be used for
such the system in which the multiple PONS coexist, there-
fore a synthetic long-distance box is required to satisfy such
demand, as shown in FIG. 2.

SUMMARY

In view of the above problem, the main purpose of the
disclosure is to provide a long-distance box and a method for
processing uplink light and downlink light of the long-dis-
tance box, capable of being reliably applied in a case where
multiple different PON systems run in one ODN.

In order to achieve the purpose, the technical solution of the
disclosure is realized as follows.

A long-distance box for a Passive Optical Networks (PON)
system in which different PONS coexist mainly includes an
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optical diplexer, an Optical Amplifier (OA), a wavelength
division multiplexing filter, Optical-Electrical-Optical
(OEO) conversion device and a local management box,
wherein,

the optical diplexer connects the long-distance box to a
trunk optical fiber, and is configured to split uplink lights and
downlink lights from the different PON systems, wherein the
uplink lights from the different PON systems are transmitted
through a first optical path, and the downlink lights from the
different PON systems are transmitted through a second opti-
cal path;

the optical amplifier is located on the first optical path, and
configured to amplify the uplink lights from the different
PON systems and then output the amplified uplink lights;

the wavelength division multiplexing filter is located on the
second optical path, and configured to divide the second
optical path into different optical sub-paths according to dif-
ferent wavelengths, wherein the downlink lights from the
different PON systems are amplified by the different optical
sub-paths and then output;

the OEO conversion devices are located in the different
optical sub-paths of the second optical path respectively, and
configured to amplify the downlink lights from the different
PON systems; and

the local management box is connected with an Optical
Line Terminal (OLT) through a TAP coupler and the trunk
optical fiber, and the OLT controls and manages the optical
amplifier and the OEO conversion devices through the local
management box.

The PON coexistence system may include a first PON
system and a second PON system; wherein

a uplink light from the first PON system and a uplink light
from the second PON system have an overlapped wave band;
and a downlink light from the first PON system and a down-
link light from the second PON system have different wave-
lengths.

The optical diplexer may include a first optical diplexer and
a second optical diplexer; wherein

the uplink light from the first PON system and the second
PON system enter the first optical path through the second
optical diplexer from a branch optical fiber and an optical
splitter; and the downlink light from the first PON system and
the downlink light from the second PON system enter the
second optical path through the first optical diplexer from the
trunk optical fiber.

The optical diplexer may consist of an optical circulator
and has three interfaces, wherein a first interface is a light
input port, a second interface is a light input/output port, and
a third interface is a light output port; wherein

the first interface of the first optical diplexer is connected
with the first optical path, the second interface of the first
optical diplexer is connected with the trunk optical fiber, and
the third interface of the first optical diplexer is connected
with the second optical path; and the first interface of the
second optical diplexer is connected with the second optical
path, the second interface of the second optical diplexer is
connected with the optical splitter, and the third interface of
the second optical diplexer is connected with the first optical
path.

The wavelength division multiplexing filter may include a
first wavelength division multiplexing filter and a second
wavelength division multiplexing filter; wherein,

the first wavelength division multiplexing filter respec-
tively outputs the downlink lights which enter the second
optical path from the first optical diplexer to the different
optical sub-paths, and the second wavelength division multi-
plexing filter combines the downlink lights from the different
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optical sub-paths and then outputs the combined downlink
light to the second optical diplexer.

The wavelength division multiplexing filter may consist of
a sideband filter and include a R interface, a P interface and a
C interface; wherein the downlink light from the first PON
system is reflected and input/output only through the R inter-
face, and the downlink light from the second PON system is
transmitted and input/output only through the P interface; and
the C interface is connected with the optical diplexer at the
trunk optical fiber;

the C interface of the first wavelength division multiplex-
ing filter is connected with the third interface of the first
optical diplexer, the R interface the first wavelength division
multiplexing filter is connected with one end of a first OEO
device in one of the optical sub-paths, and the P interface of
the first wavelength division multiplexing filter is connected
with one end of a second OEO device in another one of the
optical sub-paths; and the C interface of the second wave-
length division multiplexing filter is connected with the first
interface of the second optical diplexer, the R interface of the
second wavelength division multiplexing filter is connected
with the other end of the first OEO device in the one of the
optical sub-paths, and the P interface of the second wave-
length division multiplexing filter is connected with the other
end ofthe second OEO device in the another one of the optical
sub-paths.

The downlink light from the first PON system is emitted by
the OLT of' the first PON system to the second interface of the
first optical diplexer through the trunk optical fiber at the OLT
side, output to the C interface of the first wavelength division
multiplexing filter in the second optical path from the third
interface of the first optical diplexer, then output to the first
OEO device from the R interface of the first wavelength
division multiplexing filter, amplified by the first OEO device
and then output to the R interface of the second wavelength
division multiplexing filter, then returned to the second opti-
cal path from the C interface of the second wavelength divi-
sion multiplexing filter and passed to the first interface of the
second optical diplexer, and finally output from the second
interface of the second optical diplexer to return to the trunk
optical path, passed to the optical splitter and the branch
optical fibers and reached to the ONUs;

the uplink light from the first PON system is emitted by the
ONU of the first PON system to the second interface of the
second optical diplexer through the branch optical fiber and
the optical splitter, then output to the first optical path from
the third interface of the second optical diplexer, amplified by
the optical amplifier and then output to the first interface of
the first optical diplexer, input to the trunk optical fiber from
the second interface of the first optical diplexer, and finally
transmitted to the OLT of the first PON system;

the downlink light from the second PON system is emitted
by the OLT of the second PON system to the second interface
of the first optical diplexer through the trunk optical fiber,
output to the interface C of the first wavelength division
multiplexing filter in the second optical path from the third
interface ofthe first optical diplexer, then passed to the second
OEO device from the P interface of the first wavelength
division multiplexing filter, amplified by the second OEO
device and then output to the P interface of the second wave-
length division multiplexing filter, then returned to the second
optical path from the C interface of the second wavelength
division multiplexing filter and passed to the first interface of
the second optical diplexer, and finally output back to the
trunk optical path from the second interface of the second
optical diplexer, passed to the optical splitter and the branch
optical fiber and reached to the ONU; and
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the uplink light from the second PON system is emitted by
the ONU of'the second PON system to the second interface of
the second optical diplexer through the branch optical fiber
and the optical splitter, then output into the first optical path
from the third interface of the second optical diplexer, ampli-
fied by the optical amplifier and then output to the first inter-
face of the first optical diplexer, then output to the trunk
optical fiber from the second interface of the first optical
diplexer, and finally transmitted to the OLT of the second
PON system.

The optical amplifier may be a wideband Semiconductor
Optical Amplifier (SOA).

The first optical path may be configured to transmit the
uplink light from the different PON systems, and the second
optical path may be configured to transmit the downlink light
from the different PON systems.

A method for processing uplink and downlink light with a
long-distance box includes that:

uplink light and downlink light from different Passive
Optical Network (PON) systems are split, the uplink light
from the different PON systems is transmitted through a first
optical path, and the downlink light from the different PON
systems is transmitted through a second optical path;

wherein the uplink light from the different PON systems is
amplified by an optical amplifier and then output to Optical
Line Terminals (OLTs) of the respective systems; the down-
link light from the different PON systems with the different
wavelengths is transmitted through different optical sub-
paths ofthe second optical path according to the wavelengths
of the downlink light, and the downlink light is amplified by
different Optical-Electrical-Optical (OEO) conversion
devices in the different optical sub-paths and then output to
Optical Network Units (ONUs) of the respective systems.

It can be seen from the above technical solution of the
disclosure that, the uplink lights from the different PON sys-
tems and the downlink lights from the different PON systems
are split, the uplink lights from the difterent PON systems are
transmitted by the first optical path, and the downlink lights
from the different PON systems are transmitted by the second
optical path; wherein the uplink lights from the different PON
systems are amplified by an optical amplifier and then output
to the OLTs of the respective systems; according to the wave-
lengths of the downlink light from the different PON systems,
the downlink light with the different wavelengths are trans-
mitted by the different optical sub-paths of the second optical
path, and are amplified by the different OEO converters in the
different optical sub-paths and then are output to the ONUs of
the respective systems. The disclosure applies a hybrid long-
distance combining OEO and OA technologies to process a
coexisting PON system, integrates advantages of both OA
and OEOQ, and has high reliability, such that both uplink lights
and downlink lights from different PON systems are ampli-
fied effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a structure diagram of an existing long-
distance passive optical network;

FIG. 2 shows a structure diagram of a coexisting long-
distance passive optical network;

FIG. 3 shows a structure diagram of a long-distance box in
the disclosure;

FIG. 4 shows a structure diagram of a local management
box in the disclosure;

FIG. 5 shows an interface diagram of a wavelength division
multiplexing filter in the disclosure;















