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According to the present invention, a star-type wavelength multiplexed communication network using optical TX/RX devices
capable of assigning the wavelengths can be provided without using the monitoring light . In an embodiment of the present
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(57) Abrege(suite)/Abstract(continued):
Invention, an optical TX/RX device for transmitting and receiving a wavelength-multiplexed signal light comprises an optical recelver

capable of varying the RX wavelength and an optical transmitter capable of varying the TX wavelength. The optical TX/RX device
detects RX wavelengths not in use via the optical recelver, and assigns the RX wavelength of the optical recelver to one of the RX
wavelengths not-in-use, and assigns the TX wavelength of the optical transmitter to a TX wavelength corresponding to the RX
wavelength according to a correspondence table of TX and RX wavelengths in the memory. Then, the optical TX/RX device
transmits a signal light on this TX wavelength, and detects the response on the RX wavelength. If the response Is detected,
communication is initiated using the assigned TX wavelength and the RX wavelength. If the response Is not detected, the operation
IS repeated from the detection of RX wavelengths not in use to the transmission of the signal light on TX wavelength again.
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ABSTRACT

According to the present 1invention, a star-type
wavelength multiplexed communication network using optical
TX/RX devices capable of assigning the wavelengths can be
provided without using the monitoring light. In an embodiment
of the present 1invention, an optical TX/RX device for
transmitting and receiving a wavelength-multiplexed signal
light comprises an optical receiver capable of varying the RX
wavelength and an optical transmitter capable of varying the
TX wavelength. The optical TX/RX device detects RX wavelengths
not in use via the optical receiver, and assigns the RX
wavelength of the optical receiver to one of the RX wavelengths
not-in-use, and assigns the TX wavelength of thé optical
transmitter to a TX wavelength corresponding to the RX
wavelength according to a correspondence table of TX and RX
wavelengths in the memory. Then, the optical TX/RX device
transmits a signal light on this TX wavelength, and detects the

response on the RX wavelength. If the response 1s detected,
communication is initiated using the assigned TX wavelength and
the RX wavelength. If the response 1is not detected, the
operation is repeated from the detection of RX wavelengths not

in use to the transmission of the signal light on TX waveléngth

again.

-25.
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DESCRIPTION
OPTICAL WAVELENGTH MULTIPLEXING ACCESS SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to an optical
transmit'ter (TX) and receiver (RX) device used for wavelength
multiplexed optical communication and a star-type network using

the device.

BACKGROUND ART

{0002] Conventionally, in a relay network using
wavelength multiplexing scheme, monitoring light with a
different wavelength from signal light is used to transmit
wavelength information of the signal light and the like as
monitoring information for monitor and control of wavelengths

to be used (Patent Document 1).

[0003] Fig. 1 shows an exemplary configuration for monitor
and control in such relay network. . As shown in the figure, in
network 100, wavelength-multiplexed signal 1light is
transmitted from WDM device A 110 to WDM device B 130 via linear
optical repeater 120. In this case, monitoring information
such as power, wavelengths in use, and the number of the
wavelengths for signal light is transmitted from monitor and
control circuit 112 to monitor and control circuit 132 via
monitor and control circuit 122 using monitoring light with a

different wavelength from the signal light.
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[0004] It 1is required to keep the light power constant on
each channel at linear optical repeater 120, even if fnore
channels are provided 1n network 100 and the number of in-use
wavelengths for the signal light is increased, etc., in order
to prevent degradation of the transmission characteristics in
the network. In this case, the monitoring information of the
signal light afterprovidéd wilith more channels is conveyed from
control circuit 114 at the transmitting side through monitoring
light source 116. This monitoring light is multiplexed with
the signal light at multiplexer 20a, and transmitted out to
optical fiber 10.

[0005] Monitor and control circuit 122 receives the
monitoring light transmitted via optical fiber 10 at Optical
receiver 128 and obtains the monitoring information. At the
safne time, monitor and control circuit 122 monitors the total
light power of the signal light at the output of linear optical
repeater 120, and computes the average power per channel based
on the number of in-use wavelengths of the signal 1ight obtained
from the monitoring information. Monitoring control circuit
122 controls the output power of linear optical repeater 120
so that the average power becomes a desired value. Accordingly,
after provided with more channels, the light power on each
channel can be kept constant at linear optical repeater 120.
[0006] Further, this monjitoring information is
transmitted to monitor and control circuit 132 through‘
monitoring light source 126, and received by optical receiver

138. Based on the monitoring information, control circuit 134
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controls the output power of an optical amplifier in WDM device
B 130 so as to be a desired value. As such, the signal light

is transmitted from WDM device A 110 to WDM device B 130.

[0007] However, since the monitoring light is used in such
a configuration, optical cdmponents such as light sources 116,
126, multiplexers 20a, 20c, demultiplexers 20b, 204, and
optical tecéivefs 128, 138 are required, which are costly.
Particularly, in a star-type network configuration uSing a
power splitter network, demultiplexers and optical receivers
for monitoring light are required for each subscriber terminal.
[0008] | Fig. 2 shows an exemplary configuration in which
the configuration for monitor and control shown in Fig. 1 is
applied to a Star~type wavelength multiplexed network.
Network 200 is composed of an optical line terminal (OLT) 210
installed at a station, an optical fiber 10 through which
wavelength-multiplexed signal 1light and monitoring 1light
propagate, a power splitter 30 for power-splitting the signal
light and the monitoring light in the ratio of 1 to N, and N
optical network units (ONUs) 230-1 to 230-N, each receiving the
split signal light and the split monitoring light.

[0009] In the configuration, the monitoring information
is transmitted from OLT 210 out to optical fiber 10 using
monitoring light source 214. Themonitoring light is split into
N at power splitter 30, and transmitted to ONUs 230-1 to 230-N.
Each ONU 230 receives the monitoring light wit.h optical receiver
242, and based on in-use wavelength information transmitted as

the monitoring information, tunable filter 234 and optical
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transmitter 238 are assigned by control circuit 244 so as to

receive a predetermined channel.

[0010] However, since the monitoring light is used in this
configuration, light source 214 and multiplexer 22a are
required in OLT 210, and the optical components such as
demultiplexer 22b and optical receiver 242 are required in each
ONU, which overall cost more.

{0011] Patent Document 1: Japanese Patent Laid-Open No.
10-51057

DISCLOSURE OF THE INVENTION

[0012] The present invention has been made in view of the
foregoing problem, and it is an object to provide a star-type
wavelength multiplexed communication network using an optical
transmitter and receiver (TX/RX) device capable of assigning
the wavelengths without using monitoring light. -

[0013] To achieve such an object, according to the present
invention, an optical TX/RX device for transmitting and
receiving wavelength-multiplexed signal light comprises an
optical RX means capable of varying a RX wavelength, an optical

TX means capable of varying a TX wavelength, a detection means

for detecting RX wavelengths not in use via the optical RX means,
and a wavelength control means for assigning the RX wavelength
of the optical RX means to one of the RX wavelengths detected
by the detection means and for assigning the TX wavelength of
the optical TX means to a TX wa&elength corresponding to the

assigned RX wavelength.
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[0014] Further, according to an embodiment of the present
invention, the optical RX means comprises a tunable filter
capable of varying the RX wavelength, and an optical receiver
for'receiving the RX wavelength via the tunable filter.
[0015] ' Further, according to an embodiment of the present
invention, the optical TX/RX device further comprises a storage
means provided with a correspondence table between the RX
wavelengths assignablé for the optical RX means and the TX
wavelengths assignable for the optical TX means.

[0016] Further, according to an embodiment of the present
invention, the detection means scans the RX wavelengths
assignable for the optical RX means, and detects the RX
wavelengths not in use by measuring the RX power on each of the
RX wavelengths.

[0017] ; Further, according to an embodiment of the present
invention, a network comprises a plurality of optical TX/RX
devices, and an optical line terminal connected with these
optical TX/RX devices via a power splitter.

[0018] | Further, accordi'ng to an embodiment of the present
invention, a method of assigning wavelengths for an optical
TX/RX device in a network comprising a plurality of optical
TX/RX devices, each with tunable upstrelam and downstream
wavelengths, and an optical line terminal connected with these
optical TX/RX devices via a power splitter, the method includes
(a) detecting downstream wavelengths not in use by detecting

presence or absence of downstream wavelengths from the optical

line terminal via the power splitter, (b) selecting one of the
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detected downstream wavelengths, (c) selecting an upstream
wavelength corresponding to the selected downstream wavelength,
(d) transmitting a signal light at the selected upstream
wavelength, (e) detecting a response to the transmitted signal
light on the selected downstream wavelength, and (f) initiating
communication with the optical line terminal using the selected
downstream wavelength and the selected upstream wavelength 1f
the response is detected.

[0019] Further, according to an embodiment of the present
invention, the method of assigning wavelengths includes (g)
repeating the steps (a) to (e) if the response is not detected.
10020] Further, according to an embodiment of the present
invention, the repeating step (g) repeats the steps (a) to (e)
after a random period of time has elapsed.

{0021} ' Furthexr, according to an embodiment of the present
invehtion, the selecting step (b) randomly selects a downstream
wavelength out of the detected downstream wavelengths.
[0022] According to the various aspects of the present
invention, in a star-type network including'a power splitter
network, an optical TX/RX device capable of assigning the
wavelengths can be provided without using monitoring 1l1ight.
Accordingly, the optical components relating to the
transmission of the monitoring light such as a light source,
a multiplexer, a demultiplexer, and an optical receiver can be
eliminated. Further, the optical TX/RX device according to an
aspect of the present invention is only required to monitor the

signal power, and can be applied to various transmission frame
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formats. Still further, since the wavelengths can
automatically be assigned with a simple algorithm, it 1is
especially advantageous for network expansion with small

start-ups, with which economy is critical.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] [Fig. 1] Fig. 1 is a diagram showing an exemplary
configuration for monitor and control 1n a relay system of a
conventional wavelength multiplexed communication network;
[Fig. 2] Fig. 2 is a diagram showing an exemplary configuration
in which the configuration for monitor and control shown in Fig.

1 is applied to a star-type wavelength multiplexed
communication network;

[Fig. 3] Fig. 3 is a diagram showing an exemplary configuration
of a star-type wavelength multiplexed communication network
according to an embodiment of the present invention;

[Fig. 4] Fig. 4 is a diagram showing an example of wavelength
allocation for wupstream and downstream 1in a star-type
wavelength multiplexed communication network according to an
embodiment of the present invention;

[Fig. 5] Fig. 5 is a diagram showing an exemplary configuration
of ONU according to an embodiment of the present invention;
[Fig. 6] Fig. 6 is a flowchart showing a wavelength selection

process between ONU and OLT according to an embodiment of the

present invention;

[Fig. 7] Fig. 7 is a flowchart showing a wavelength selection

process for randomly selecting a delay time between ONU and OLT
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according to an embodiment of the present invention;
[Fig. 8] Fig. 8 is a time chart showing a wavelength selection
process for randomly selecting a delay time between ONU and OLT

according to an embodiment of the present invention;

[Fig. 9] Fig. 9 is another time chart showing a wavelength
selection process for randomly selecting a delay time between
ONU and OLT according to an embodiment of the present invention;
[Fig. 10] Fig. 10 is a flowchart showing a wavelength selection
process for randomly selecting a wavelength between ONU and OLT
according to an embodiment of the present invention;

[Fig. 11] Fig. 11 is a time chart showing a wavelength selection
process for randomly selecting a wavelength between ONU and OLT
according to an embodiment of the present invention; and
[Fig. 12] Fig. 12 is another time chart showing a wavelength
selection process for randomly selecting a wavelength between

ONU and OLT according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] Hereinafter, embodiments of the present invention
"will be described in detail with reference to the drawings.
[0025] Fig. 3 shows an exemplary configuration of a
star-type network using an optical TX/RX device according to
the present invention. Network 300 is composed of an optical
line terminal (OLT) 310 for transmitting and receiving
wavelength-multiplexed signal 1light, an optical fiber 10
through which the signal light propagates, a power splitter 30

for combining or splitting the optical signal with 1 to N, and
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N optical network units (ONUs) (optical TX/RX devices) 330-1

to 330-N each transmitting and receiving optical signal.

[0026] OLT 310 comprises N optical subscriber units (OSUs)
320-1 to 320-N each transmitting and receiving signal light with
an assigned wavelength, a wavelength control circuit 314 for
controlling the wavelengths of signal light used for TX and RX
by the 0SUs, and a wavelength multi/demultiplexer 312 for
multiplexing the optiéal signals from the OSUs and
demultiplexing the optical signals from the ONUs. OSUs 320-1
to 320-N are assigned with different wavelengths, respectively,
by wavelength control circuit 314. In this case, wavelength
control circuit 314 may assign these wavelengths to the OS5Us
in fixed or dynamic way. Alternatively, it may be configured
to use an OSU with a prefixed TX and RX wavelengths and stabilize
the wavelengths by the wavelength control circuit. An optical
signal from an OSU assigned with a wavelength 1s
wavelength-multiplexed by wavelength multi/demultiplexer 312
and then transmitted out to optical fiber 10.

[0027] The wavelength-multiplexed signal light from OLT
310 is split into N paths of power ‘splitter 30 via optical fiber
10, and then transmitted to ONUs 330-1 to 330-N for the
subscribers on the respective paths. Here, each ONU receives

the optical signal with the downstream wavelength selected by

wavelength control circuit 340 out of the
wavelength-multiplexed signal light from the OLT. Also, each
ONU transmits the optical signal to the OLT using the upstream

wavelength selected Dby wavelength control circuit 340. The
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signal light from each ONU is combined at power splitter 30,
and transmitted to OLT 310 via optical fiber 10. The signal
light from the ONUs is demultiplexed by wavelength at wavelength

multi/demultiplexer 312, and transmitted to the respective

0OSUs.

[0028] Fig. 4 shows an example of wavelength allocation

for upstream and downstream in such star-type network. As shown

in the figure, the downstream wavelengths Asy; to Agy and the

upstream wavelengths A, to Ay are allocated on the ITU grid.

Although Fig. 4 shows an example of allocating the upstream
wavelengths on the shorter wavelength side and the downstream
wavelengths on the longer wavelength side, it should be noted
that any arbitrary wavelength allocations may be used.

[0029 ] Fig. 5 shows an exemplary configuration of the ONU .
according to the present invention. ONU 330 transmits and
receives the signal light with OLT 310 over the upstream and
the downstream wavelengths. Wavelength multi/demultiplexer
332 multiplexes and demultiplexes the upstream wavelength and
the downstream wavelength. A desired wavelength 6ut of the
wavelength-multiplexed downstream wavelengths is selected via

tunable filter (TF) 334 in accordance with the assignment of

wavelength control circuit 340. The signal 1light of the
selected downstream wavelength is converted into an electric
signal by optiCal receiver 336 and demodulated as a RX data
signal.

[0030] On the other hand, the TX data signal is entered

into tunable optical transmitter 338, and then transmitted as

-10-
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optical signal with a desired wavelength in accordance with
assignment of wavelength control circuit 340. This upstream
signal 1light is transmitted to .the OLT via wavelength

" multi/demultiplexer 332.

[00311] Next, a procedure to assign the upstream and the
downstream wavelengths between the OLT and the ONUs will be
described in the exemplary configuration shown in Figs. 3 and
5. Firstly, in the wavelength allocation of the upstream and
the downstream in Fig. 4, assume that a pair of the upstream
and the downstream wavelengths is assigned for each OSU and ONU

as in the following wavelength assignment table (WAT).

[0032] [ Table 1]

Table 1: Correspondence between upstream and

downstream wavelengths and status of use

. - - |
Upstream Downstream Status
wavelength wavelength
Ayt Na1 in use
Auo . Nao not in use
Mk ANax not 1n use
- Nan not in use
[0033] Each ONU memory 342 stores this correspondence

table between the upstream wavelengths and the downstream

_11-
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wavelengths. By using this table to determine the status of
use on the downstream wavelengths, the ONU can select the pair
of the upstream and the downstream wavelengths not in use and
initiate communication. Although this correspondence table
shows only the in-use/not-in-use status of the pairs of
wavelengths, it is not limited thereto, and the table may be
maintained in association with which wavelength is assigned to
which OSU and ONU pair so that quick countermeasures against
failure may be taken, for example. Also, the table may be
maintained in association with the wavelengths and the
transmission rates so that multiple services with different
transmission rates can be accommodated.

[0034] Fig. 6 shows a process for an ONU selecting the
wavelength based on this correspondence table. This
wavelength selection process starts at S600. At S602, ONU 330
detects the downstream wavelengths not in use by sweeping
tunable filter 334 through wavelength control circuit 340, and
records them on the correspondence table in memory 342. Here,
in detecting the wavelengths not in use, the channels may be
detected as the downstream wavelengths not in use, which do not
exceed a predetermined signal power (Ps.t), for example.
Alternatively, a 1light emittihg pattern for notifying a
wavelength not .in use may be predetermined, and when that
pattern is detected at 'the ONU, it may be determined as
not-in-use. Further, while all of the downstream wavelengths
not in use may be detect'ed, at least one downstream wavelength

not in use may be detected. Then, at S604, ONU 330 selects one

-12-
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downstream wavelength (e.g., Ag) out of the downstream

wavelengths not in use through wavelength control circuit 340,

and assigns tunable filter 334 to that wavelength. In

conjunction therewith, the TX wavelength of tunable optical

transmitter 338 is assigned to the upstream wavelength (Au)

corresponding to the downstream wavelength (Ag) through

wavelength control circuit 340, and then transmitted.

f0035] At S606, ONU 330 confirms presence or absence of
the ACK signal back from OLT 310 on the downstream wavelength
(MAax) assigned at tunable filter 334. If the ACK signal is not
confirmed within a predetermined period of time, the detection
of the downstream wavelength not in use is performed again via
S608, and the optical signal with the corresponding upstream
wavelength is then transmitted. In this case, the detection

may be performed again including the same pair of wavelengths

(Aax and Ay ) not in use as in the previous turn, or the selection

is made among the pairs of wavelengths not in use different from
those in the previous turn. Further, by repeating this
retransmission process after a random period of time, the
probability can be reduced in selecting the same wavelength as
other ONUs so that conflict at the OLT can be reduced.

[0036] If the ACK signal from the OLT is received on the

downstream wavelength (e.g., As) assigned at tunable filter

334, ONU 330 sets the pair of downstream and the upstream

wavelengths (Agx and Ay) in memory 342 as the wavelengths to

be used for TX and RX, and initiates communication at S610. ONU

330 then terminates the wavelength selection process at S612.

-18-
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After completion of the communication between the OSU and the
ONU, the set pair of wavelengths may be released and the
wavelength selection process may newly be performed at the time
of the next communication, otherwise the set pair of wavelengths
ma? fixedly be used between the certain OSU and ONU.
[0037] As described hereinabove, according to the
wavelength selection process of the present invention, the
initial wavelength assignment can be performed with a simple
algorithm without using monitoring light 1in a star-type
wavelength multiplexed communication network.
[0038] (Retransmission process with random delay)
Next, as a retransmission process in the case of no
response, a method for selecting a pair of wavelengths not in
use after a random delay will be described. Fig. 7 shows this
process. Firstly, at S'702‘, ONU 330 assigns tunable filter (TF)
334 to an initial wavelength grid by wavelength control circuit

340. At S704, ONU 330 monitors the RX power (Prec) On the

assigned grid.
[0039] Then, at S706, it is determined whether or not the
monitored RX power is greater than a criterion power (Pset)., and

if it is greater, it is determined that the wavelength is in-~use,
and tunable filter 334 is assigned to the next grid by wavelength

control circuit 340 and returned to S704 to monitor the RX power

of this wavelength. At S706, if the monitored RX power is weaker

than the predetermined criterion power, the grid is detected
as not-in-use, and a palr of upstream and downstream wavelengths

corresponding to this grid 1is selected using the wavelength

- 14 -
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assignment table (WAT) (S710).

[0040] At S712, ONU 330 assigns the TX wavelength of

tunable optical transmitter 338 to the upstream wavelength of
. the selected pailir of wavelengths by wavelength control circuilt
340, and transmits the optical signal towards the OLT. Further,
at S714, ONU 330 assigns the RX wavelength of tunable filter
334 to the downstream w‘avelength of the selected pair of
- wavelengths by wavelength control circuit 340, and monitors the
optical signal from the OLT. If a greater RX power (Prec) than
the predetermined criterion power (Pgs.t) is detected on the
selected downstream wavelength or the ACK signal from the OLT
is detected, ONU 330 sets the selected pair of wavelengths for
communication, and completes the wavelength selection process.
Otherwise, ONU 330 stops transmission from tunable optical
transmitter (LD) 338 in S718, and waits for a random period of

time to elapse at S720, and then, repeats the wavelength

selection process from the beginning by retuning to S702.

[0041] Next, with reference to Figs. 8 and 9, the operation

is described in which ONU #g and ONU #f access the OLT at the
same time. Assume that the ONU #g and the ONU #f perform the

detection of wavelengths not in use, and select the same pair

of wavelengths (kuj and kdj) . If the two ONUs coincidentally
transmit the same upstream wavelength (Ayy) to the OLT, a

collision on the upstream wavelength occurs at the OLT. When

the collision occurs, the occurrence of the collision may be
notified to the ONU by not generating the downstream signal from

the OLT, or it may take a form of action that the ONU retries

.15-
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if a certain light emitting pattern predetermined for notifying
the occurrence of the collision is detected. The OLT is
required to have a. mechanism for detecting the occurrence of
the collision, the means therefor is not limited. For example,
by monitoring errors, it may be determined that the collision
has occurred if the light power is greater than a predetermined
value but the error is worse than a specified value, or by
monitoring the clock extracted from the CDR (clock data
recovery) circuit, it may be determined that the collision has
occurred if the light power is greater than a predetermined
value but the clock output is not normal. In the example of
Figs. 8 and 9, if the collision occurs, each of the two ONUs
#f and #g performs the detection of the wavelengths not in use
to select a pair of wavelengths not in use after a random period

of time has elapsed. Ifthe random periods of time are different
between the ONUs #f and #g, the collision at the OLT would not

occur, each selectinga different pair of wavelengths. InFigs.

8 and 9, the ONU #f selects the pair of wavelengths A,y and Ag;
first, and then, the ONU #g selects the pair of wavelengths Ay

and Agx. The two ONUs having the responses can communicate with

the OLT thereafter using the respective pairs of wavelengths.

[0042] (Retransmission process with random wavelength

selection)

Next, as a retransmission process in the case of no
response, a method will be described, which randomly selects
a pair of wavelengths to use out of pairs of wavelengths not

in use. Fig. 10 'shows this process. Firstly, at S1002, ONU

-16-
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330 assigns tunable filter (TF) 334 to an initial wavelength
grid by wavelength control circuit 340. At S1004, ONU 330
monitors the RX power (Pr.c) Oon the assigned grid, and if the
greater signal than a predetermined criterion power (Pget) 1S
detected, it is determined that the wavelength is 1in use.
[0043] Then, at S1006, it is determined whether or not the
monitored grid is the last grid, and if not, tunable filter 334
is assigned to the next grid by wavelength control circuit 340,
and it is determined whether or not the present wavelength 1is
now in use returning to S1004. If the monitored grid 1is the
last grid at S1006, a pair of upstream and downstream
wavelengths is randomly selected from the detected pairs of
wavelengths not in use using the wavelength assignment table
(WAT) (S1010).

[0044] At S1012, ONU 330 assigns the TX wavelength for
tunable optical transmitter 338 to the upstream wavelength of
the selected pair of wavelengths by wavelength control circuit
340, and transmits the optical signal towards the OLT.

Further, at S1014, ONU 330 assigns the RX wavelength for

tunable filter 334 to the downstream wavelength of the selected
pair of wavelengths by wavelength control circuit 340, and
monitors the optical signal from the OLT. 1If a greatexr RX power
(Prec) than the predetermined criterion power (Pget) 1S detected
at the selected downstream wavelength or the ACK signal from
the OLT is detected, ONU 330 sets the selected pair of

wavelengths for communication, and completes the wavelength

selection process. Otherwise, ONU 330 stops the transmission

_17_
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from tunable optical transmitter (LD) 338 at 51018, and repeats
the wavelength selection pfocess from the 'beginning by
returning to S1002. In this case, similarly to the
retransmission process with the random delay described above,
the retransmission process may be retried after the random
period of time has elapsed.

[0045] Next,- with reference to Figs. 11 and 12, the
operation is described in which ONU#g and ONU#f access OLT at

the same time. Assume that the ONU#g and the ONU#f perform the

detection of the wavelengths not in use, and select the same

pair of wavelengths (A,3 and Agqy) . If the two ONUs coincidentally

transmit the same upstream wavelength (A,y) to the OLT, a

collision on the upstream wavelength occurs at the OLT.
When the collision occurs, the occurrence of the
collision may be notified to the ONU by not generating the
downstream signal from the OLT,' or it may take a form of action
that the ONU retries if a certain light emitting pattern
predetermined for notifying the occurrence of the collision is
detected. The OLT is required to have a mechanism for detecting

the occurrence of the collision, the means therefor is not

limited. For example, by monitoring errors, it may be

determined that the collision has occurred if the light power
is greater than a predetermined value but the error 1s worse

than a specified value, or by monitoring the clock extracted

from the CDR (clock data recovery) circuit, it may be determined
that the collision has occurred if the light power 1s greater

~than a predetermined value but the clock output is not normal.

-18.
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In the example of Figs. 11 and 12, each of the tWo ONUs #f and
#g performs the detection of the wavelengths not in use, and
each selects a pair of wavelengths randomly. If the pailirs of
wavelengths are different from each other, the OLT transmits
the optical signals for reéponses with the corresponding

downstream wavelengths to the ONUs, respectively. In Figs. 11

and 12, the ONU #f selects the pair of wavelengths A,y and Agy,

and the ONU #g selects the pair of wavelengths Ay, and Agn. The

two ONUs receiving the responses can communicate with the OLT
thereafter using the respective pairs of wavelengths.

[0046] Hereinabove, the present invention is specifically
described with certain embodiments. However, in view of many
embodiments applicable for the principle of the present
invention, the embodiments described herein are merely examples
and are not intended to limit the scope of the invention. The
embodiments i1illustrated herein 'may be modified 1in the
configurations and details without departing from the scope of
the presen't invention. Further, components and procedures for
the purpose of descriptions may be modified, supplemented, or
reordered without departing from the scope of the present

invention.

-19..



CA 02601559 2012-04-16

CLAIMS

1. An optical TX/RX device for transmitting and receiving
wavelength-multiplexed signal light, comprising:

an optical RX means capable of varying a RX wavelength;

an optical TX means capable of varying a TX wavelength;

a detection means for detecting RX wavelengths not in use
via the optical RX means;

a storage means provided with a correspondence table
between the RX wavelengths selectable for the optical RX means
and the TX wavelengths selectable for the optical TX means;
and

a wavelength control means for assigning the RX
wavelength of the optical RX means to one of the RX
wavelengths detected by the detection means and for assigning
the TX wavelength of the optical TX means to a TX wavelength

corresponding to the assigned RX wavelength based on the

correspondence table.

2. The optical TX/RX device according to Claim 1, wherein

the optical RX means includes:

a tunable filter capable of tuning the RX

wavelength, and

an optical receiver for receiving the RX wavelength

through the tunable filter.
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3. The optical TX/RX device according to any one of
Claims 1 to 2, wherein

the detection means scans the RX wavelengths selectable
for the optical RX means and detects the RX wavelengths not in

use by measuring RX power on each RX wavelengths.

4. The optical TX/RX device according to any one of
Claims 1 to 2, wherein

the optical TX means transmits an optical signal on the
assigned TX wavelength,

the optical RX means recelves a response signal to the
optical signal on the assigned RX wavelength,

the optical TX/RX device initiates communication via the
optical TX means and the optical RX means using the assigned
TX wavelength and RX wavelength 1f the optical RX means
recelves the response signal, and

the optical TX/RX device is configured to detect the RX
wavelength not 1n use by the detection means, to assign the RX

wavelength of the optical RX means to one of the detected RX

wavelengths by the wavelength control means and to assign the
TX wavelength of the optical TX means to a TX wavelength
corresponding to the RX wavelength, after a random period of

time has elapsed, 1f the optical RX means receives no response

signal.

H

5. The optical TX/RX device according to any one o:

Claims 1 to 2, wherein
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the optical TX means transmits an optical signal on the
assigned TX wavelength,

the optical RX means receives a regponse signal to the
optical signal on the assigned RX wavelength,

the optical TX/RX device initiates communication wvia the
optical TX means and the optical RX means using the assigned
TX wavelength and RX wavelength 1f the optical RX means
recelves the response signal, and

the optical TX/RX device is configured to detect the RX
wavelengths not 1n use by the detection means, to randomly
asslign the RX wavelength of the optical RX means to one of the
detected RX wavelengths by the wavelength control means and to
assign the TX wavelength of the optical TX means to a TX
wavelength corresponding to the RX wavelength, if the optical

RX means recelives no response signal.

6. A network comprises:
a plurality of the optical TX/RX devices according to any
one of Claims 1 to 5; and

an optical line terminal connected with the plurality of

the optical TX/RX devices via a power splitter.

7. A method of assigning wavelengths for an optical TX/RX
device 1n a network 1including a plurality of optical TX/RX
devices capable of varying respective upstream and downstream

wavelengths, and an optical line terminal connected with the
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plurality of optical TX/RX devices via a power splitter, the
method includes:

(a) detecting downstream wavelengths not 1n wuse by
detecting presence or absence of the downstream wavelengths

from the optical line terminal via the power splitter;

(b) selecting one of the detected downstream wavelengths
not 1n use;

(c) selecting an upstream wavelength corresponding to the
selected downstream wavelength based on a predetermined

correspondence between selectable downstream wavelengths and

selectable upstream wavelengths;

(d) transmitting a signal light on the selected upstream

wavelength;

(e) detecting a response to the transmitted signal light
on the selected downstream wavelength; and

(f) 1nitiating communication with the optical 1line
terminal using the selected downstream wavelength and the

selected upstream wavelength 1f the response 1s detected.

8. The method of assigning wavelengths according to Claim

7, comprlising:

(g) repeating the steps (a) to (e) 1f the response 1is not

detected.

9. The method of assigning wavelengths according to one

of Claims 7 and 8, wherein

DOCSTOR: 2189048\3
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the repeating step (g) repeats the steps (a) to (e) after

a random period of time has elapsed.

10. The method of assigning wavelengths according to any

one of Claims 7 to 9, wherein
selecting step (b) selects a downstream wavelength

randomly out of the detected downstream wavelengths.
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