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(57) Abstract: An optical backhaul network for a wireless broadband service is provided. The optical backhaul network for a
wireless broadband service includes: a plurality of optical network units for outputting an uplink optical signal having a multi-
plexed wavelength; an optical line termination for outputting a downlink optical signal of a single mode in order to transmit the
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signal to the optical line termination. Therefore, one center and a plurality of access points can be efficiently connected.



WO 2009/157609 A1 00000 OO TR AR

—  with international search report (Art. 21(3))

Published:



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

WO 2009/157609 PCT/KR2008/003993

Description
OPTICAL BACKHAUL NETWORK FOR WIRELESS

BROADBAND SERVICE
Technical Field

The present invention relates to an optical backhaul network for a wireless broadband
service, and more particularly, to an optical backhaul network for a wireless broadband
service that transmits a downlink optical signal of a single mode in order to transmit
the downlink optical signal in a broadcasting form and that transmits an uplink optical
signal having a multiplexed wavelength.

This work was supported by the IT R&D program of MIC/ITTA[2007-S-014-01,
Metro-Access Integrated Optical Network Technology].

Background Art

As development of a wireless transmission technology, a transmission speed of
wireless data has increased. Nowadays, a high-speed downlink packet access (HSDPA)
service supports 2 Mbps and 14.4 Mbps at an uplink and a downlink, respectively, and
wireless broadband (WiBro) supports 6 Mbps and 19.97 Mbps at an uplink and a
downlink, respectively. Further, WiBro-evolution (WiBro-EVO) expected to appear in
the near future is expected to support 50 Mbps at an uplink and a downlink, re-
spectively.

In this way, as a data transmission amount to be processed by wireless terminals
increases, it is necessary to develop a wire transmission network for transferring the
data. As a characteristic of a wireless technology for supporting a large amount of
wireless data, such as worldwide interoperability for microwave access (WiMAX) or
WiBro, downlink data are transferred to a plurality of access points (AP) using a
broadcasting method and are wirelessly transmitted to a subscriber terminal, however
uplink data wirelessly transmitted from a plurality of subscriber terminals are primarily
collected at a plurality of APs, and each of the APs transmits the corresponding data to
the center using a wire.

Conventionally, the center and the AP were connected in a point-to-point form.
However, when the APs are locally condensed, there is a problem that a point-to-point

connection between the center and the APs uses many optical fibers.

Disclosure of Invention
Technical Problem

The present invention has been made in view of the above problems, and provides an
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optical backhaul network based on wavelength division multiplexing (WDM) that ef-
ficiently connects one center and a plurality of APs by transmitting a downlink optical
signal of a single mode in order to transmit the downlink optical signal in a
broadcasting form and transmitting an uplink optical signal having a multiplexed

wavelength.

Technical Solution

In accordance with an aspect of the present invention, an optical backhaul network
for a wireless broadband service includes: a plurality of optical network units (ONUs)
for outputting an uplink optical signal having a multiplexed wavelength; an optical line
termination (OLT) for outputting a downlink optical signal of a single mode in order to
transmit the downlink optical signal to the ONUs in a broadcasting form; and a
plurality of remote nodes (RNs) for outputting a part of the downlink optical signal to
the ONUs and for outputting the uplink optical signal to the OLT.

Advantageous Effects

In an optical backhaul network for a wireless broadband service according to an
exemplary embodiment of the present invention, by transmitting a downlink optical
signal of a single mode in order to transmit the downlink optical signal in a
broadcasting form and transmitting an uplink optical signal having a multiplexed
wavelength, in an optical backhaul network based on WDM, one center and a plurality
of APs can be efficiently connected. Further, an optical fiber between the center and
the APs can be reduced.

Further, because a wavelength of a single downlink optical signal and wavelengths of
a plurality of uplink optical signals are fully apart, a low cost of band edge filter can be

used.

Brief Description of the Drawings

FIG. 1 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to an exemplary embodiment of the present invention;

FIG. 2 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to another exemplary embodiment of the present invention;

FIG. 3 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to another exemplary embodiment of the present invention;

FIG. 4 is a diagram illustrating a spectrum of output light of a seed light module of
FIGS. 1 to 3;

FIG. 5 is a diagram illustrating an example of using a wavelength of a wireless
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broadband optical backhaul network based on a single mode light source;
FIG. 6 is a diagram illustrating an example of a remote node of FIG. 1; and

FIG. 7 is a diagram illustrating an example of a remote node of FIG. 2.

Best Mode for Carrying Out the Invention

Exemplary embodiments according to the present invention are described with
reference to the attached drawings.

FIG. 1 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to an exemplary embodiment of the present invention.

Referring to FIG. 1, an optical backhaul network of FIG. 1 includes one OLT 200, a
plurality of remote nodes (RNs) 300-1 to 300-K, and a plurality of optical network
units (ONUs) 400-1 to 400-M.

The OLT 200 outputs a downlink optical signal of a single mode in order to transmit
a downlink optical signal in a broadcasting form to the ONUs 400-1 to 400-M.

Further, the OLT 200 receives an uplink optical signal having a multiplexed
wavelength from the ONUs 400-1 to 400-M.

For this reason, the OLT 200 includes a seed light module (SL) 210, an optical
transmitter (Tx) 220, a plurality of optical receivers (Rx) 230-1 to 230-N, an optical
wavelength demultiplexer (DMUX) 240, an optical filter 250, and an optical circulator
260.

The SL 210 provides a seed light signal to the Txs 220 of the ONUs 410-1 to 410-M.
The Tx 220 transmits a downlink optical signal of a single mode including downlink
data. The plurality of Rxs 230-1 to 230-N receive an uplink optical signal. The optical
wavelength DMUX 240 separates wavelengths of uplink optical signals having
different wavelengths. The optical filter 250 couples a seed light signal and a downlink
optical signal. The optical circulator 260 transfers downlink light including a seed light
signal and a downlink optical signal to an external optical fiber and transfers an uplink
optical signal coming up from the ONUs 400-1 to 400-M to the optical wavelength
DMUX 240.

An operation of the OLT 200 is described in detail as follows.

Seed light having a multiplexed wavelength transmitted from the SL 210 is input to a
port 1 of the optical filter 250 and is output to a port 3 thereof. A downlink optical
signal of a single mode output from the Tx 220 is input to a port 2 of the optical filter
250 and is output to the port 3 thereof.

The downlink optical signal and downlink seed light are output from the port 3 of the
optical filter 250, are input to a port 3 of the optical circulator 260, are output to a port

1 thereof, and are transmitted to an external optical fiber.
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Uplink optical signals having a multiplexed wavelength coming up from the ONUs
400-1 to 400-M are input to the port 1 of the optical circulator 260, are output to a port
2 thereof, and are input to the optical wavelength DMUX 240.

Wavelengths of uplink optical signals input to the optical wavelength DMUX 240 are
separated, and the wavelengths are input to the corresponding Rxs 230-1 to 230-N, re-
spectively. In the Rxs 230-1 to 230-N, the wavelengths are converted to an electrical
signal and are restored to uplink data.

Each of a plurality of RNs 300-1 to 300-K divides optical power of a part of a
downlink optical signal of a single mode from the OLT 200, and outputs the same
downlink optical signal to the ONUs 400-1 to 400-M.

Further, each of the RNs 300-1 to 300-K transfers another part of a downlink optical
signal of a single mode to a next RN.

Each of a plurality of RNs 300-1 to 300-K transfers uplink optical signals coming up
from the ONUs 400-1 to 400-M to the OLT 200.

An RN is described in detail with reference to FIGS. 6 and 7.

The ONUs 400-1 to 400-M receive a downlink optical signal of a single mode and a
seed light signal having a multiplexed wavelength, and generate and output uplink
optical signals of different wavelengths using the received seed light signal. For
example, the uplink optical signal may be output to a wavelength division multiplexing
packet.

For this reason, each of the ONUs 400-1 to 400-M includes Txs 410-1 to 410-M, Rxs
420-1 to 420-M, and an optical filters 430-1 to 430-M.

The Tx 410 transmits a generated uplink optical signal using a seed light signal. The
Tx 410 may include a reflective semiconductor optical amplifier (RSOA). That is, the
input seed light signal may be converted to similar continuous wave (CW) light, and
the converted light may be modulated to uplink data and transmitted as an uplink
optical signal.

The Rx 420 receives a downlink optical signal and restores downlink information,
and the optical filter 430 transfers the downlink optical signal to the Rx 420 and
transfers the uplink optical signal output from the Tx 410 to the RN 300.

An operation of the ONU 400 is described in detail as follows.

A downlink optical signal coming down from the RN 300 is input to a port 3 of the
optical filter 430, is output to a port 2 thereof, and is input to the Rx 420. The downlink
optical signal input to the Rx 420 is converted to an electrical signal and is restored to
downlink data.

Downlink seed light coming down from the RN 300 is input to the port 3 of the
optical filter 430, is output to a port 1 thereof, and is input to the Tx 410. A seed light
signal input to the Tx 410 is amplified within the Tx 410 and is modulated by uplink
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data. Thereby, an uplink optical signal having a multiplexed wavelength is generated,
and the uplink optical signal is transmitted from the Tx 410.

The uplink optical signal transmitted from the Tx 410 is input to the port 1 of the
optical filter 430, is output to the port 3 thereof, and is transmitted to the RN 300.

The RN 300 and the ONU 400 can be connected using one optical fiber. The
downlink seed light signal, the downlink optical signal of a single mode, the uplink
optical signal having a multiplexed wavelength are transmitted through one optical
fiber.

Because the downlink optical signal and the uplink optical signal use different optical
wavelength signals, the downlink optical signal and the uplink optical signal can be
transmitted through one optical fiber. Thereby, a configuration of an optical backhaul
network for a wireless broadband service for efficiently connecting one center and a
plurality of APs can be formed. Further, optical fiber between the center and the APs
can be reduced.

FIG. 2 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to another exemplary embodiment of the present invention.

Referring to FIG. 2, an optical backhaul network of FIG. 2 is almost the same as that
of FIG. 1. However, in the optical backhaul network of FIG. 2, the RN 300 and the
ONU 400 are connected by two optical fibers, not one optical fiber of FIG. 1.

Accordingly, a downlink optical signal transmitted from the RN 300 to the ONU 400
is output from a port p of the RN 300, is input to an optical receiver 420 of the ONU
400, and is converted to an electrical signal.

Downlink seed light transmitted from the RN 300 to the ONU 400 is output from a
port q of the RN 300, is input to the Tx 410 of the ONU 400, is amplified, is
modulated by uplink data, and is again output toward the RN 300 as an uplink optical
signal.

The Tx 410 may include an RSOA. That is, the input seed light signal may be
converted to similar continuous wave light, and the converted light may be modulated
to uplink data and be transmitted as an uplink optical signal.

In this way, as the downlink optical signal, the seed light signal, and the uplink
optical signal are transmitted through different optical fibers, a configuration of an
optical backhaul network for a wireless broadband service for efficiently connecting
one center and a plurality of APs can be formed.

FIG. 3 is a diagram illustrating an optical backhaul network for a wireless broadband
service according to another exemplary embodiment of the present invention.

Referring to FIG. 3, an optical backhaul network of FIG. 3 is almost the same as that
of FIG. 1. However, the optical backhaul network of FIG. 3 further includes an optical
power splitter 500 connected between the RN 300 and the ONU 400.
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The light power splitter 500 divides optical power of a downlink optical signal and a
seed light signal transmitted from the RN 300 to the ONU 400 and transmits the
downlink optical signal and the seed light signal into which optical power is divided to
the plurality (L) of ONUs 400.

Further, the optical power splitter 500 collects uplink optical signals coming up from
the plurality (L) of ONUs 400, outputs the uplink optical signals to the RN 300, and
transmits the uplink optical signals to the OLT 200. In this case, the uplink optical
signal may be received in a wavelength division multiplexing packet.

Here, the Tx 410 of the ONU 400 has a function of a burst mode transmitter that can
transmit a time division packet. Further, the Rx 230 of the OLT 200 has a function of a
burst mode receiver that can receive a time division multiple packet.

In this way, by transferring the downlink optical signal, the seed light signal, and the
uplink optical signal through an optical power splitter, a configuration of an optical
backhaul network for a wireless broadband service for efficiently connecting one
center and a plurality of APs can be formed.

FIG. 4 shows a spectrum of output light of the seed light module of FIGS. 1 to 3.

Referring to FIG. 4, when polarization does not exist, as shown in FIG. 4(a), in
output light output from the seed light module, wavelengths having a wide spectral
width may have a multiplexed wavelength form.

Next, when polarization exist, as shown in FIG. 4(b), in output light output from the
seed light module, wavelengths having a narrow spectral width may have a
multiplexed wavelength form.

FIG. 5 shows an example of using a wavelength of a wireless broadband optical
backhaul network based on a light source of a single mode.

Referring to FIG. 5, a downlink optical signal has a single wavelength, and an uplink
optical signal has a multiplexed wavelength. It is preferable that the downlink optical
wavelength and the uplink optical wavelength use different independent optical
wavelengths, and a distance thereof is fully apart by 40nm or more.

A wavelength of the downlink seed light signal and a wavelength of the uplink
optical signal may be the same.

FIG. 6 is a diagram illustrating an example of the RN of FIG. 1.

Referring to FIG. 6, the ONU 400 and the RN of FIG. 6 are connected by one optical
fiber.

The RN of FIG. 6 includes a plurality of band pass filters 301, 302, and 306-1 to
306-M, one ADD-DROP filter 303, and one optical power splitter 305.

An operation of the RN is described hereinafter.

Downlink seed light coming down from the OLT 200 is input through a port A of the
RN, is output to a port 2 via a port 1 of the optical filter 301, and is input to a port a of
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the ADD-DROP filter 303. Downlink seed light input to the ADD-DROP filter 303 is
divided into a plurality (M) of optical wavelengths specified to the ONUs 400
connected to the corresponding RN, and the optical wavelengths are output through
each of ports 1 to M. The remaining wavelengths are output through a portb in a
multiplexed wavelength state, are output to a port 1 via a port 2 of the optical filter
302, and are transmitted to a next RN through a port B of the RN.

Next, an uplink optical signal having a multiplexed wavelength coming up from the
RN is input to the port B of the RN, is output to the port 2 via the port 1 of the optical
filter 302, and is input to a port b of the ADD-DROP filter 303 of a wavelength
division multiplexing method. An uplink optical signal input to the ADD-DROP filter
303 is output to a port A in a multiplexed wavelength state, is output to a port 1 via a
port 2 of the optical filter 301, and is transmitted to the OLT 200 through the port A of
the RN.

Next, a downlink optical signal of a single mode is input to the port A of the RN, is
output to the port 3 via the port 1 of the optical filter 301, and a part thereof is output to
a port 1 via a port 3 of an optical tap 304 and another part thereof is output to a port 2.
A downlink optical signal output via the port 2 of the optical tap 304 is output to a port
1 via a port 3 of the optical filter 302, and is output to the port B of the RN, and is
transmitted to a next RN. The downlink optical signal output via the port 1 of the
optical tap 304 is input to a port ¢ of the optical power splitter 305, and optical power
thereof is divided into M optical signals and is output to 1 to M ports, and each of the
divided and output downlink optical signals is output to a port 3 via a port 2 of the
optical filter 306, and each of the same downlink optical signals is output via ports C1
to CM. Such a downlink optical signal is transferred in a broadcasting form.

Next, an uplink optical signal coming up from the ONU 400 is input to ports C1 to
CM, is output to a port 1 via a port 3 of the optical filter 306, is input to ports 1 to M of
the ADD-DROP filter 303, thereby multiplexing a wavelength thereof. An uplink
optical signal having a multiplexed wavelength is output to a port a of the ADD-DROP
filter 303, is output to a port 1 via a port 2 of the optical filter 301, and is transferred to
the OLT 200 through a port A. An uplink optical signal coming up from the RNs and
the ONU 400 is an uplink optical signal consisting of each specified optical
wavelength and has a multiplexed wavelength.

Because each of ports 1 to M of the RN uses one optical fiber, an optical filter 306
connected between the ADD-DROP filter 303 and the optical power splitter 305
classifies and divides an uplink optical signal and a downlink optical signal on a band
width basis.

FIG. 7 is a diagram illustrating an example of the RN of FIG. 2.

Referring to FIG. 7, two divided optical fibers are connected to the ONU 400 and an
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RN of FIG. 7.

The RN of FIG. 7 includes two band pass filters 301 and 302, one ADD-DROP filter
303, and one optical power splitter 305.

An operation of the RN of FIG. 7 is described hereinafter.

Downlink seed light coming down from the OLT 200 is input through a port A of the
RN, is output to a port 2 via a port 1 of the optical filter 301, and is input to a port a of
the ADD-DROP filter 303. Downlink seed light input to the ADD-DROP filter 303 is
divided into a plurality (M) of optical wavelengths specified to the ONUs 400
connected to the corresponding RN, and the optical wavelengths are output through
each of ports 1 to M. The remaining wavelengths are output through a portb in a
multiplexed wavelength state, are output to a port 1 via a port 2 of the optical filter
302, and are transmitted to a next RN through the port B of the RN.

Next, an uplink optical signal having a multiplexed wavelength coming up from the
RN is input to a port B of the RN, is output to the port 2 via the port 1 of the optical
filter 302, and is input to a port b of the ADD-DROP filter 303 of a wavelength
division multiplexing method. An uplink optical signal input to the ADD-DROP filter
303 is output to the port a in a multiplexed wavelength state, is output to the port 1 via
the port 2 of the optical filter 301, and is transmitted to the OLT 200 through a port A
of the RN.

Next, a downlink optical signal of a single mode is input to the port A of the RN, is
output to a port 3 via the port 1 of the optical filter 301, and a part thereof is output to a
port 1 via a port 3 of an optical tap 304 and another part thereof is output to a port 2
thereof. A downlink optical signal that is output via the port 2 of the optical tap 304 is
output to the port 1 via a port 3 of the optical filter 302, is output to the port B of the
RN, and is transmitted to a next RN. The downlink optical signal that is output via the
port 1 of the optical tap 304 is input to a port ¢ of the optical power splitter 305, and
optical power thereof is divided into M optical signals and is output to ports 1 to M,
and each of the divided and output downlink optical signals is output as each of
identical downlink optical signals via ports C1 to CM. Such a downlink optical signal
is transferred in a broadcasting form.

Next, an uplink optical signal coming up from the ONU 400 is input to ports C1 to
CM, is input to the ports 1 to M of the ADD-DROP filter 303, thereby multiplexing a
wavelength. An uplink optical signal having a multiplexed wavelength is output to a
port a of the ADD-DROP filter 303, is output to the port 1 via the port 2 of the optical
filter 301, and is transferred to the OLT 200 through the port A thereof. The uplink
optical signal coming up from the RNs and the ONU 400 is an uplink optical signal
consisting of each specified optical wavelength and has a multiplexed wavelength.

Because each of ports 1 to M of the RN uses two optical fibers, in order to divide an
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uplink optical signal and a downlink optical signal, the optical filter 306 of FIG. 6 may
not be used.

The embodiment of the invention being thus described, it will be obvious that the
same may be varied in many ways. Such variations are not to be regarded as a
departure from the sprit and scope of the invention, all such modifications as would be
obvious to one skill in the art are intended to be included within the scope of the

following claims.

Industrial Applicability
An optical backhaul network for a wireless broadband service according to the
present invention is used for transmitting a downlink optical signal in a broadcasting

form.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

10

WO 2009/157609 PCT/KR2008/003993

Claims

An optical backhaul network for a wireless broadband service, comprising:

a plurality of optical network units (ONUs) outputting an uplink optical signal
having a multiplexed wavelength;

an optical line termination (OLT) for outputting a downlink optical signal of a
single mode in order to transmit the downlink optical signal to the ONUs in a
broadcasting form; and

a plurality of remote nodes (RNs) for outputting a part of the downlink optical
signal to the ONUs and for outputting the uplink optical signal to the OLT.

The optical backhaul network of claim 1, wherein the downlink optical signal of
a single mode and the plurality of uplink optical signals use different in-
dependent optical wavelengths.

The optical backhaul network of claim 1, wherein the OLT further outputs a seed
light signal having a multiplexed optical wavelength, and

the uplink optical signal is generated using the seed light signal.

The optical backhaul network of claim 3, wherein the RN divides wavelengths of
the downlink optical signal, transmits a part thereof to the RN after sequentially
connecting, and transmits another part to the ONUs connected to the cor-
responding RN,

the RN divides wavelengths of the seed light signal and transmits a specified
seed light signal to the ONUs connected to the corresponding RN, and

the RN multiplexes a wavelength of the uplink optical signal and transmits the
uplink optical signal to the OLT.

The optical backhaul network of claim 3, wherein the RN and the ONU are
connected through one optical fiber, and

the uplink optical signal, the seed light signal, and the downlink optical signal are
transferred through the optical fiber.

The optical backhaul network of claim 5, wherein the ONU comprises:

an optical receiver for receiving the downlink optical signal of the single mode
and restoring downlink information;

an optical transmitter for transmitting the uplink optical signal generated using
the seed light signal; and

an optical filter for transferring the downlink optical signal to the optical receiver
and transferring the uplink optical signal to the RN.

The optical backhaul network of claim 6, wherein the optical transmitter
comprises a reflective semiconductor optical amplifier.

The optical backhaul network of claim 5, wherein the RN comprises:
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an ADD-DROP filter for dividing optical wavelengths of the input downlink
seed light, outputting a part thereof in order to transfer to the ONU, outputting
another part thereof in order to transfer to the connected next RN, and mul-
tiplexing wavelengths of the uplink optical signal from the next RN and the
uplink optical signal from the ONU and outputting the wavelengths in order to
transfer to the OLT;

an optical power splitter for separating optical power of the downlink optical
signal and outputting the optical power in order to transfer to each of the ONUs;
and

an optical filter for being connected between the ADD-DROP filter and the
optical power splitter to transfer the uplink optical signal and the downlink
optical signal.

[9] The optical backhaul network of claim 8, wherein the downlink optical signal
from the optical power splitter provided in the RN is transferred to the ONUs in a
broadcasting form, and
the ONUs output the uplink optical signal consisting of each specified optical
wavelength.

[10] The optical backhaul network of claim 3, wherein the RN and the ONU are
connected through two optical fibers, and the uplink optical signal, the seed light,
and the uplink optical signal are transferred through different optical fibers.

[11] The optical backhaul network of claim 10, wherein the ONU comprises:
an optical receiver for receiving the downlink optical signal of the single mode
and restoring downlink information; and
an optical transmitter for transmitting the generated uplink optical signal using
the seed light signal.

[12] The optical backhaul network of claim 11, wherein the optical transmitter
comprises a reflective semiconductor optical amplifier.

[13] The optical backhaul network of claim 10, wherein the RN comprises:

a ADD-DROP filter for separating an optical wavelength of the input downlink
seed light, outputting a part thereof in order to transfer to the ONU, outputting
another part thereof in order to transfer to the connected next RN, and mul-
tiplexing wavelengths of the uplink optical signal from the next RN and the
uplink optical signal from the ONU and outputting the wavelengths in order to
transfer to the OLT; and

an optical power splitter for separating optical power of the downlink optical
signal and outputting the optical power in order to transfer to each of the ONUs.

[14] The optical backhaul network of claim 13, wherein the downlink optical signal

from the optical power splitter provided in the RN is transferred to the ONUs in a
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broadcasting form, and
the ONUs output the uplink optical signal consisting of each specified optical
wavelength.

[15] The optical backhaul network of claim 3, further comprising an optical power
splitter for being connected between the RN and the ONU to separate and
transfer optical power of the downlink optical signal from the RN.

[16] The optical backhaul network of claim 15, wherein the ONU receives an optical
broadcasting signal, and
the OLT receives a wavelength division multiple packet as the uplink optical
signal.

[17] The optical backhaul network of claim 1, wherein the OLT comprises:

a seed optical module for outputting a seed optical signal having a multiplexed
wavelength;

an optical transmitter for transmitting the downlink optical signal of the single
mode;

an optical wavelength demultiplexer for separating wavelengths of the uplink
optical signal having different wavelengths;

an optical receiver for receiving the uplink optical signal having a separated
wavelength;

an optical filter for coupling the seed optical signal and the downlink optical
signal; and

an optical circulator for transferring the coupled seed optical signal and downlink
optical signal to the RN and for transferring the uplink optical signal to the

optical wavelength demultiplexer.
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