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COMMUNICATION METHOD, OPTICAL
COMMUNICATION SYSTEM, STATION-SIDE
OPTICAL-LINE TERMINAL APPARATUS,
AND USER-SIDE OPTICAL-LINE TERMINAL
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of and claims the benefit
of priority under 35 U.S.C. §120 from U.S. application Ser.
No. 13/395,145, filed Mar. 9, 2012, the entire contents of
which 1s incorporated herein by reference, and which 1s a
national stage of International Application No. PCT/IP2010/
002034, filed Mar. 24, 2010.

FIELD

The present invention relates to a communication system in
which a plurality of terminals 1s connected by a common line
and a communication method, and, for example, relates to a
PON (Passive Optical Network) system or the like that i1s
composed of an OLT (Optical Line Terminal: station-side
terminal apparatus) and a plurality of ONUs (Optical Net-
work Unit: user-side terminal apparatus).

BACKGROUND

In the PON system, communication 1s performed while
synchronizing between an OLT and ONUs so that data 1n an
upstream direction to be transmitted from the ONUSs does not
collide. The OLT plans to give transmission permission to
cach ONU so that data in the upstream direction does not
collide. At this time, delay due to a distance from each ONU
1s considered. Therefore, the OLT measures round trip time
from each ONU, however, there 1s a variation of transmission
paths, such as jitter and wander, 1n a transmission by optical
fibers, so that measurement needs to be performed periodi-
cally.

On the other hand, data communication 1s not always per-
formed, and, for example during nighttime, data communi-
cation 1s not performed at all. However, measurement of the
round-trip time 1s periodically performed as above regardless
ol the presence or absence of data communication. Maintain-
ing the ONU 1n a state capable of constant communication for
measuring the round-trip time even when data communica-
tion 1s not performed results 1n wasting power. Therelore, a
technology 1s studied in which the ONU 1s intermittently
transitioned to a power-saving state by requesting transition
to the power-saving state from the ONU.

Moreover, a PON system 1s studied 1in which when there 1s
no upstream data from an ONU, useless transmission band-
width 1s not allocated to such ONU to improve throughput
(Patent Literature 1). In this PON system, when an OLT
detects a state 1n which there 1s no user data for a preset given
period, the OLT deregisters the ONU and notifies the ONU of
temporary stop of an optical link. Thereaiter, a transmission
bandwidth 1s not allocated to the ONU and transmission of a
frame for maintaining the link 1s also suppressed, so that the
ONU can reduce the number of times of transmission of a
frame.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2007-274534
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2
SUMMARY

Technical Problem

In the PON system described in Patent Literature 1,
because a link 1s disconnected with respect to the ONU that
does not transmit certain data, the load of the ONU can be
reduced. However, when the ONU resumes transmission of
upstream data, a discovery process of discovering an uncon-
nected ONU 1s performed again and a link 1s newly estab-
lished to re-register the ONU. Therefore, for example, when
communication at a low bit rate continues, this communica-
tion method cannot be used. Moreover, because the OLT
disconnects a link to an ONU, when communication abnor-
mality occurs in the ONU or an upstream communication line
itsell, the abnormality cannot be detected. Furthermore,
because the OLT deletes registration of the ONU, the ONU 1n
a communication abnormal state 1s not discovered even by the
discovery process and thus discovery of communication
abnormality becomes difficult.

Solution to Problem

According to the present invention, there 1s provided a
communication method of an optical communication system
in which a plurality o ONUs 1s connected to an OLT by using
a common optical fiber, including the following steps (a) to
(¢): (a) the ONU notitying the OLT of transition to a power-
saving state in which an optical transmitter 1s deactivated; (b)
the OLT detecting a power-saving state of the ONU based on
this notification; (c¢) the OLT allocating a transmission band-
width to the ONU in which the optical transmitter 1s mactive
and transmitting a transmission bandwidth notification to the
ONU; (d) the ONU, which has recerved the transmission
bandwidth notification, tentatively waking up the optical
transmitter and transmitting a response signal to the OLT to
transition to a power-saving state again; and (e) the OLT
monitoring a transmission bandwidth allocated to the ONU 1n
which the optical transmitter 1s 1nactive and detecting
whether the ONU 1s 1n a power-saving state or a failure occurs
in a communication with the ONU based on the response
signal.

According to another aspect of the present invention, there
1s provided another communication method of an optical
communication system in which a plurality of ONUSs 1s con-
nected to an OLT by using a common optical fiber, including
the following steps (a) to (e): (a) the ONU notifying the OLT
of transition to a sleep mode 1n which an optical transmuitter 1s
deactivated for a predetermined sleep period; (b) the OLT
detecting a sleep mode transition of the ONU based on this
notification; (¢) the OLT allocating a transmission bandwidth
to the ONU 1n the sleep mode in the sleep period and trans-
mitting a transmission bandwidth notification to the ONU; (d)
the ONU, to which the transmission bandwidth notification 1s
transmitted, waking up the optical transmitter and transmit-
ting a response signal in the transmission bandwidth when
returning to a non-sleep mode from the sleep mode, whereas
being capable of omitting transmission of the response signal
when continuing the sleep mode; and (¢) the OLT monitoring
a transmission bandwidth allocated to the ONU 1n which the
optical transmitter 1s 1tnactive, detecting whether the ONU 1s
in the sleep mode or a failure occurs 1n a communication with
the ONU based on the response signal, and suppressing a
failure detection that 1s based on the response signal 1n the
sleep period.

According to still another aspect of the present invention,
there 1s provided an ONU including: an optical transceiver
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that 1s connected to the optical fiber and 1s capable of an
operation 1n a power-saving state in which power consump-
tion 1s reduced by stopping transmission while continuing,
reception; and a control device that controls transition of the
optical transceiver to a power-saving state and, when a control
signal 1s recerved from the OLT during an operation in a
power-saving state, controls to tentatively validate transmis-
sion of the optical transceiver and outputs a response signal.

According to still another aspect of the present invention,
there 1s provided an OLT including: an optical transceiver
connected to the optical fiber; and a control device that allo-
cates a transmission bandwidth to the user-side optical-line
terminal apparatus even while an optical transceiver of the
user-side optical-line terminal apparatus operates in a power-
saving state and stops transmission, and determines whether
a failure occurs 1n a communication with the user-side opti-
cal-line terminal apparatus or the ONU 1s 1n operation 1n a
power-saving state based on the response signal received by
the optical transceiver of the station-side optical-line terminal
apparatus.

According to still another aspect of the present invention,
there 1s provided another ONU 1ncluding: an optical trans-
ceiver that 1s connected to the optical fiber and 1s capable of an
operation 1n a sleep mode 1 which power consumption 1s
reduced by intermittently stopping a transmitting umt while
continuing reception by a receiving unit; and a control device
that performs control to mtermittently stop the transmitting,
unit in the sleep mode, and, 1s configured to be capable of
omitting transmission of a response signal to the station-side
optical-line terminal apparatus when a transmission band-
width 1s allocated by the station-side optical-line terminal
apparatus 1n a stop period of the transmitting unit 1n the sleep
mode and the sleep mode 1s continued, and transmits the
response signal when a transmission bandwidth 1s allocated
between periodic stop periods of the transmitting unit.

According to still another aspect of the present invention,
there 1s provided another OLT including: an optical trans-
ceiver connected to the optical fiber; and a control device that
allocates the transmission bandwidth to the user-side optical-
line terminal apparatus even while an optical transcerver of
the user-side optical-line terminal apparatus operates 1n the
sleep mode and stops transmission, and determines whether a
failure occurs 1n a communication with the user-side optical-
line terminal apparatus or the user-side optical-line terminal

apparatus 1s 1n operation 1n a sleep mode by monitoring a
transmission bandwidth allocated to the user-side optical-line
terminal apparatus 1n the sleep mode between the intermittent
transmission stop periods of the optical transcerver.

Advantageous Effects of Invention

The communication method, the optical communication
system, the station-side optical-line terminal apparatus, and
the user-side optical-line terminal apparatus according to the
present mvention can perform failure detection in a power-
saving operation by an intermittent communication.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram 1llustrating a configura-
tion of a communication system according to an embodiment
of the present invention.

FI1G. 2 15 a sequence diagram 1llustrating a communication
method according to a first embodiment of the present inven-
tion.
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FIG. 3 1s a flowchart illustrating a communication control
of an OLT according to the first embodiment of the present
invention.

FIG. 4 1s a flowchart illustrating a communication control
of an ONU according to the first embodiment of the present
ivention.

FIG. 5 1s a sequence diagram illustrating a communication
method (at the time of occurrence of a failure) according to
the first embodiment of the present invention.

FIG. 6 1s a sequence diagram 1illustrating a communication
method (at the time of power-oil) according to the first
embodiment of the present invention.

FIG. 7 1s a sequence diagram illustrating a communication
method (modified example) according to the first embodi-
ment of the present invention.

FIG. 8 1s a sequence diagram 1illustrating a communication
method according to a second embodiment of the present
invention.

FIG. 9 1s a flowchart illustrating a communication control
of an OLT according to the second embodiment of the present
invention.

FIG. 10 1s a flowchart 1llustrating a communication control
of an ONU according to the second embodiment of the
present invention.

FIG. 11 1s a sequence diagram illustrating a communica-
tion method (at the time of occurrence of a failure) according
to the second embodiment of the present invention.

FIG. 12 1s a sequence diagram illustrating a communica-
tion method (at the time of power-oil) according to the second
embodiment of the present invention.

FIG. 13 1s a sequence diagram illustrating a communica-
tion method (modified example) according to the second
embodiment of the present invention.

FI1G. 14 1s a flowchart 1llustrating a communication control
(modified example) of an OLT according to the second
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Hardware Configuration

FIG. 1 1s a diagram 1llustrating a configuration example of
the first embodiment of a PON system according to the
present invention. As shown in FIG. 1, the PON system 1n the
present embodiment includes an OLT 1 and ONUs 10-1 to
10-3. The OLT 1 and the ONUs 10-1 to 10-3 are connected by

a subscriber line 30 via a splitter 40. The splitter 40 splits the
subscriber line 30 connected to the OLT 1 into the number of
the ONUs 10-1 to 10-3. Moreover, the ONU 10-1 1s con-
nected to terminals 20-1 and 20-2. In the present embodi-
ment, the number of the ONUSs 1s three as an example, alter-
natrvely, the number of the ONUSs 1s not limited thereto and
can be any number.

The OLT 1 includes a PON control unit 2 that performs a
process on the OLT side based on a PON protocol, a reception
builfer 3 as a builler that stores therein upstream data to be
recetved from the ONUs 10-1 to 10-3, a transmission buifer 4
as a buffer that stores therein downstream data to be transmiut-
ted to the ONUs 10-1 to 10-3, an optical transceiver 5 that
performs a transmission and reception process of an optical
signal, a WDM (Wavelength Division Multiplexing) coupler
(WDM) 6 that multiplexes wavelengths of upstream data and
downstream data, and a physical-layer processing unit (PHY)
7 that realizes a physical interface function of an NNI (Net-
work Node Interface) with the network. The optical trans-
ceiver 5 includes an optical recerver (Rx: Recerver) 51 that
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performs a reception process and an optical transmitter (TX:
Transmitter) 52 that performs a transmission process.

The ONU 10-1 includes a PON control unit 11 that per-
forms a process on the ONU side based on the PON protocol,
a transmission buifer (upstream bufler) 12 as a builer that
stores therein transmission data (upstream data) to the OLT 1,
a reception buffer (downstream buffer) 13 as a buffer that
stores therein reception data (downstream data) from the OLT
1, an optical transcewver 14, a WDM 15 that multiplexes
wavelengths of upstream data and downstream data, and
physical-layer processing units (PHYs) 16-1 and 16-2 that
realize a physical interface function of an UNI (User Network
Intertface) with the terminals 20-1 and 20-2, respectively.

The optical transcerver 14 includes an optical transmitter
(ITx: Transmitter) 141 that performs a transmission process
and an optical receiver (Rx: Receiver) 142 that performs a
reception process. The PHY 16-1 includes a receiving unit
(Rx: Recerver) 161-1 that performs a reception process and a
transmitting unit (I'x: Transmitter) 162-1 that performs a
transmission process, and the PHY 16-2 includes a recerving,
unit (Rx: Receiver) 161-2 that performs a reception process
and a transmitting unit (Tx: Transmitter) 162-2 that performs
a transmission process.

Two terminals are connected to the ONU 10-1, however,
the number of the terminals 1s not limited thereto and can be
any number, and the physical-layer processing units (PHY s)
are provided to correspond to the number of the terminals.
Moreover, in FIG. 1, the configuration example of the ONU
10-1 1s 1llustrated as representative, however, the ONUs 10-2
and 10-3 also have the same configuration as that of the ONU
10-1.

The PON control unit 2 of the OLT 1 performs a bandwidth
allocation of upstream data to give transmission permission to
cach of the ONUs 10-1 to 10-3 so that transmission time
periods do not overlap with each other thereby preventing
collision of transmission data from the ONUs 10-1 to 10-3 1n
the same manner to the conventional PON system. Any
method can be used for this bandwidth allocation, and, for
example, 1t 1s possible to use a Dynamic Bandwidth Alloca-
tion Algorithm described 1n “HuhDynamic Bandwidth Allo-
cation Algorithm for Multimedia Services over Ethemet (reg-
istered trademark) PONs”, ETRI Journal, Volume 24,
Number 6, December 2002 p. 465 to p. 466 written by Su-il
Cho1 and Jae-doo™.

Next, the overall operation of the OLT 1 and the ONUs
10-1 to 10-3 in the present embodiment 1s explained. The
PON control unit 2 stores downstream data (downstream
communication data) recerved from the network via the PHY
7 1n the transmission buffer 4. When transmitting data from
the OLT 1, the PON control unit 2 reads out the downstream
data stored in the transmission buffer 4 and outputs 1t to the
optical transcerver 5, the Tx 52 of the optical transceiver 3
outputs the transmission data to the WDM 6 as an optical
signal, and the WDM 6 performs wavelength multiplexing on
the optical signal output from the optical transceiver 5 and
outputs 1t to the ONUs 10-1 to 10-3 via the subscriber line 30
as a downstream signal. Moreover, when the PON control
unit 2 transmits a control message such as a transmission
bandwidth allocation that transmits an instruction of trans-
mission permission, the PON control unit 2 outputs the gen-
erated control message to the optical transceiver 5 and there-
alter the control message 1s transmitted to the ONUs 10-1 to
10-3 in the same manner to downstream data. In the PON
system 1n FI1G. 1, the WDMs 6 and 15 are used for performing
wavelength multiplexing, however, 1n the case of communi-
cation at a single wavelength, the WDMs 6 and 15 are not
necessary.
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In the ONUs 10-1 to 10-3, when a downstream signal 1s
received from the OLT 1, the WDM 15 separates the down-
stream signal to output 1t to the optical transcerver 14 and the
Rx 142 of the optical transcerver 14 converts the downstream
signal into downstream data of an electrical signal and out-
puts 1t to the PON control umt 11. The PON control unit 11
stores the downstream data output from the Rx 142 of the
optical transcerver 14 1n the reception buffer 13. The PON
control unit 11 reads out the downstream data stored 1n the
reception bulfer 13 and outputs 1t to both or one of the PHY s
16-1 and 16-2 depending on the destination of the data. The
PHY's 16-1 and 16-2 that received the downstream data per-
forms a predetermined process on the downstream data and
transmuts 1t to the terminals 20-1 and 20-2 connected thereto.

On the other hand, when transmitting upstream data from
the ONUs 10-1 to 10-3, the PON control unit 11 stores the
upstream data obtained from the terminals 20-1 and 20-2 via
the PHYs 16-1 and 16-2 1n the transmission buffer 12. Then,
the PON control unit 11 reads out the upstream data stored in
the transmission bulfer based on transmission bandwidth
from the OLT 1 and outputs 1t to the optical transceiver 14.
The Tx 141 ofthe optical transceiver 14 converts the upstream
data into an optical signal (upstream signal) and transmits 1t to
the OLT 1 via the WDM 15 and the subscriber line 30.

The PON control unit 2 of the OLT 1 stores the upstream
data recerved from the ONUs 10-1 to 10-3 via the subscriber
line 30, the WDM 6, and the Rx 31 of the optical transcerver
5 in the reception buffer 3. Moreover, the PON control unit 2
reads out the upstream data stored 1n the reception buiter 3
and outputs it to the network via the PHY 7.

Moreover, 1n the ONUs 10-1 to 10-3, for the control mes-
sage from the OLT 1, the PON control unit 11 receives the
control message via the WDM 15 and the Rx 142 of the
optical transcerver 14 and performs an operation based on the
instruction o the control message, generation of aresponse to
the control message, and the like.

Power-saving Operation

Next, the power-saving operation of the PON system 1s
explained with reference to FIG. 2 as an example of a power-
saving operation of a communication system.

(d1)-(d2) & (ul)-(u2) Communication in Normal Opera-
tion State

FIG. 2 1llustrates a sequence aiter a process such as the
discovery 1s finished and communication 1n a normal com-
munication state (Normal mode) 1s started. FIG. 2 illustrates
only one ONU 10, however, 1n practice, the OLT 1 commu-
nicates with a plurality of the ONUSs 10 by the similar method.
In the PON system, 1n an upstream communication (uplink),
a transmission bandwidth 1s allocated to a plurality of the
ONUs 10 by time-division multiplexing communication. The
OLT 1 transmits a grant signal (Grant), which specifies a
transmission bandwidth Bw and grants communication, to
the ONU 10 for controlling this time-division multiplexing.
The transmission bandwidth can also be referred to as a
transmission time, so that, 1n other words, the OLT 1 allocates
the transmission time to the ONU 10 and transmits the grant
signal to the ONU 10. The Grant includes information from
which each ONU 10 can be identified, a communication start
time, and a communication end time (or communication
duration).

The ONU 10 transmits upstream data (Data) in a specified
bandwidth specified by this Grant. The OLT 1 receives the
upstream data 1n the transmission bandwidth Bw, and per-
forms data relay to an upper-level device that is present on a
core network side and also detects a communication failure
with the ONU 10. When the upstream data 1s not transmitted
in the specified transmission bandwidth Bw, the OLT 1 deter-
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mines that abnormality occurs in the ONU 10 corresponding,
to this transmission bandwidth. This communication failure
monitoring 1s described later.

(d3)-(d8) & (u3)-(u8) Communication in Power-Saving
State

When the ONU 10 becomes possible to communicate in
the power-saving state or needs communication 1n the power-
saving state, the ONU 10 notifies the OLT 1 of transition to the
power-saving state. Any request signal can be used for this

notification, and, for example, a Dying_Gasp signal 1s trans-
mitted.

When this notification 1s received, the OLT 1 detects that
the ONU 10 enters mto the power-saving state and pauses
bandwidth allocation to the ONU 10 for a predetermined
period (sleep time). In this communication method, any value
can be set as the sleep time, however, 1t 1s difficult to maintain
a normal link for a long period such as one hour basis, so that,
for example, a short period such as millisecond 1s specified.

When the ONU 10 transitions to the power-saving state, the
ONU 10 turns oft the laser power of the Tx 141 of the optical
transceiver 14 to control to an off-state. At this time, the ONU
10 does not perform power cut of the Rx 142 of the optical
transceiver 14 and continues reception of a control signal and
downstream data from the OLT 1. On the other hand, the OLT
1 also does not transmit the Grant to the ONU 10 transitioned
to the power-saving state, however, transmits other control
signal and downstream data. In FI1G. 2, the power-supply state
of the Tx 141 of the ONU 10 1s indicated by “ON”” and “OFF”
on the right side of the ONU sequence. In the power-saving
state, 1.e., the sleep mode, on and off of the power are inter-
mlttently repeated for this period. The period indicated by
“OFF” 15 a stop period during which the laser power of the Tx
141 1s stopped. Between intermittent stop periods, the ONU
10 wakes up the Tx 141 to generate a tentative wake-up time
(Tentative wake-up time). The “Sleep time” 1s a predeter-
mined time length and, 1 this example, specifies absolute
time of the stop period based on the start time of a bandwidth
update cycle. In FIG. 2, the “Sleep time” and the “OFF”
period do not match. This 1s because the ONU 10 that trans-
mitted upstream data cuts power supply without waiting for
the next bandwidth update cycle. Other embodiments are not
limited to this example and, 1t 1s applicable to cause the “Sleep
time” and the “OFF” period to match.

The OLT 1 measures the sleep time for each ONU 10 and
transmits the Grant to the ONU 10 after elapse of the sleep
time (d6). This Grant 1s transmuitted to tentatively wake up the
ONU 10 i the power-saving state. When the ONU 10
receives the Grant from the OLT 1 1n this tentative wake-up
time, the ONU 10 tentatively supplies laser power to the Tx
141 of the optical transceiver 14 even during operation 1n the
power-saving state to cause the Tx 141 to be 1n an on-state.
Because the end time of the sleep time 1s known, the ONU 10
can cause the power to be 1 an on-state without waiting for
notification of a bandwidth allocation from the OLT 1. When
the ONU 10 maintains the power-saving state, the ONU 10
retransmits the sleep request as explained in the above (u3)
and turns oiff the laser power of the Tx 141 of the optical
transceiver 14 to transition to the power-saving state (u6).

The OLT 1 monitors the bandwidth allocated to the ONU
10 1n the power-saving state and detects whether the request
signal 1s normally transmuitted. At this time, when the signal 1s
not normally transmitted from the ONU 10 1n the power-
saving state, the OLT 1 determines that a failure occurs 1n a
communication path of an uplink or the ONU 10 1tself and
1ssues an alarm. This operation at the time of occurrence of a
tailure 1s described later with reference to FIG. 5.
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(d9)-(d10) & (u9)-(u10) Communication at the time
Power-saving Release

In the ONU 10, when release of the power-saving state 1s
needed, such as 1n a case where transmission of a large
amount of data 1s needed, the ONU 10 requests release of the
power-saving state in the tentative wake-up time after the
sleep time. This release of the power-saving state can be
performed by the ONU 10 transmitting a specific signal,
however, can be realized, for example, by transmitting valid
upstream data 1n a specified bandwidth. The power-saving
state 1s released by transmitting valid upstream data, so that a
bandwidth of transmission data in which transmaission bits are
saved can be effectively used.

The OLT 1 monitors the bandwidth allocated to the ONU
10 1n the power-saving state after the timing (d9) and per-
forms failure detection 1n the similar manner to the operation
alter the above (d6). At the same time, when the ONU 10
transmits a power-saving request, the OLT 1 maintains an
operation 1n the power-saving state with respect to the ONU
10, however, when a release request of the power-saving state
1s recerved as above, an operation 1n the power-saving state 1s
released and an operation for normal operation 1s started with
respect to the ONU 10.

According to the above operation, the OLT 1 can allow a
power-saving operation by the ONU 10 while maintaining a
link to the ONU 10, and at the same time, can detect occur-
rence of a failure at an early stage even 1f a failure occurs 1n a
communication with the ONU 10 that normally does not
transmit data. Furthermore, the ONU 10 can suppress power
consumption by stopping supply of laser power to the Tx 141
of the optical transceiver 14, and, even 1n a communication
necessary for failure monitoring, the ONU 10 can suppress
power consumption by decimated Grant compared with the
case where transmission of any signal 1s forced every band-
width update cycle.

A transmission bandwidth allocation cycle 1s a cycle 1n
which the OLT 1 notifies of allocation of a transmission
bandwidth and allocates the transmission bandwidth to the
ONU 10. The above decimated Grant 1s the Grant, which has
an allocation interval of a transmitssion bandwidth longer
than the time when the ONU 10 1s operated 1n a normal state,
in the ONU 10 1n the power-saving state.

The transmission bandwidth allocation cycle allocated to
the ONU 10 1n the power-saving state can be determined by
any method, and, as an example, the transmission bandwidth
allocation cycle can be set to have a value matching a detec-
tion time T of an MPCP (Multi-Point Control Protocol) tim-
cout alarm. If the transmission bandwidth allocation cycle 1s
set longer than the time of the MPCP timeout, the ONU 10 1n
the sleep mode lasts into this MPCP timeout, so that the OLT
1 sets the transmission bandwidth allocation cycle to the time
equal to or less than the MPCP timeout. Moreover, 11 a trans-
mission period 1s provided to the ONU 10 a plurality of times
(n times) but cannot be received even once and this 1s deter-
mined as the MPCP timeout, unnecessary alarm and the like
can be suppressed. Therelore, for example, when the MPCP
timeout 1s set to T milliseconds, the OLT 1 sets the transmis-
sion bandwidth allocation cycle to T/n milliseconds.

Moreover, because the link between the OLT 1 and the
ONU 10 1s maintained, power consumption can be reduced
even while user terminals continue communication with each
other.

Details of Communication Control of OLT

Next, details of the communication process of the OLT 1

are explained with reference to FIG. 3.
FIG. 3 1illustrates the process of the PON control unit 2
(PON controller) of the OLT 1. First, the PON control unit 2
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specifies the ONUs 10 to which a transmission bandwidth of
an uplink needs to be allocated based on a list (ActiveO-
NUList) of the ONUs 10, which are discovered by the dis-
covery and to which a link 1s provided, and allocates a trans-
mission bandwidth to each ONU 10 (Step S1). At this time,
for example, when a transmission bandwidth for one cycle 1s
divided into N, an 1dentifier ID of a corresponding ONU 10 1s
given as 1d, =ONU[bw], bw=1,2, ..., N.

In the ActiveONUList, the ONU 10 1n the power-saving,
state 1s excluded, so that the PON control unmit 2 can perform
a dynamic bandwidth allocation so that a transmission band-
width 1s not allocated to the ONU 10 1n the power-saving,
operation by referring to this list.

Next, the PON control unit 2 collects the Grant and down-
stream data 1n a frame and controls the optical transcerver 5 to
transmit this frame to the ONU 10 (Step S2). The Grant and
the downstream data can be transmitted with the same frame
or can be transmitted with different frames.

Next, the PON control unit 2 performs a reception process
of each transmission bandwidth recerved by the Rx 51 by the
tollowing steps (Step S3).

First, the PON control unit 2 specifies the ONU 10 allo-
cated to the next transmission bandwidth (Step S4). At this
time, the Rx 51 of the optical transceiver 5 performs reception
of an uplink concurrently, and the PON control unit 2 reads
data recerved by the Rx 51 into a built-in memory or the like
for processing (Step S5). The PON control unit 2 checks the
type of the received upstream signal (Step S6), and when
there 1s no valid signal, the process proceeds to Step S17,
when the request signal (Dying_gasp) for the power-saving
state 15 detected, the process proceeds to Step S12, and when
the signal 1s other data signals or the like, the process at Step
S7 1s performed.

At Step S7, the PON control unit 2 checks the ONU 10 of
the transmission source of the received data, and when this
ONU 10 1s not included 1in the ActiveONUList, the PON
control unit 2 adds the ONU 10 to the ActiveONUList. The
OLT 1 detects that the ONU 10 releases the power-saving
state by the ONU 10 1n the power-saving state transmitting
normal data.

The received data includes a bandwidth request from the
ONU 10, and the PON control unit 2 reads the bandwidth
request from the received frame, and associates 1t with the
identifier (ID) of the ONU 10 for the next bandwidth alloca-
tion at Step S1 and records this bandwidth request 1n a
memory (Step S8). The bandwidth request 1s expressed by a
stored amount of data (occupancy) in the transmait buffer 12 of
the ONU 10 or the like. The method 1n which the ONU 10
transmits a report on the occupancy of the transmit buifer 12
and the OLT 1 performs the dynamic bandwidth allocation
based on this report 1s called an SR-DBA (status reporting,
DBA). The bandwidth request does not need to be performed
explicitly, and 1t 1s possible that the OLT 1 adjusts a band-
width to be allocated with respect to a bandwidth allocated to

the ONU 10 by monitoring a data amount actually transmitted
by the ONU 10. This 1s called a TM-DBA (traffic-monitoring

DBA). At Step S8, traffic monitoring by this TM-DBA can be
performed.

Next, the PON control unit 2 transmits the received data
stored 1n the recetve buifer 3 to the network via the PHY 7
(Step S9).

The PON control unit 2 always monitors a communication
state ol an uplink to each ONU 10. If an expected frame
cannot be received at the timing at which the ONU 10 trans-
mits a frame, an alarm signal called a LOS1 (Loss of signal for
ONUi) 1s output. This alarm signal 1s an alarm necessary for
network management, and, when the LOS1 1s generated, this
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1s notified to a network operator and the network operator
performs measures against failure based on this LOS1. Step
S10 15 a process of clearing a failure count for this LOS1. The
[LLOS1 1s a signal that 1s output when a signal cannot be
received, for example, four times continuously from an 1-th
ONU 10 and a true failure 1s determined, and the failure count
1s a variable that counts the number of continuous times of
this non-receipt. The PON control unit 2 performs count-up
of the count of the LOS1 at Step S17 described later.

When the process at Step S10 1s finished, the PON control
unit 2 returns to the top of the loop process at Step S3 for
processing the next bandwidth. This loop process 1s a process
of repeating the process for the bw-th bandwidth from 1-th to
N-th.

Next, the process 1n the case where the OLT 1 recetrves the
sleep request (Dying_Gasp) at Step S6 1s explained.

In this embodiment, there are two types of the
Dying_Gasp. One 1s Dying_Gasp (0) that 1s output when the
ONU 10 disconnects a link and turns off the power and the
other one 1s Dying_Gasp (1) that 1s output by the ONU 10 as
the sleep request. The Dying_Gasp signal has a format con-
taining a signal 1dentifier indicating the Dying Gasp signal,
an ID of the ONU 10, and a flag (option) indicating the sleep
request. The PON control unit 2 checks whether the received
Dying_Gasp signal 1s the sleep request at Step S12, and 1n the
case of the sleep request, 1.e., the Dying_ Gasp (1) signal, the
process proceeds to the process at Step S13.

At Step S12, the PON control unit 2 detects that the ONU
10 1s transitioned to the power-saving state and records this.
Specifically, the PON control unit 2 performs a process of
excluding the ID of the ONU 10 from the ActiveONUL1st that
1s an allocation target list of a transmission bandwidth. More-
over, the PON control unit 2 sets a timer of the sleep time with
respect to the 1-th ONU 10 for measuring a power-saving
period (Step S14). This sleep time can be the time stored in the
OLT 1 1n advance or the time calculated based on a commu-
nication status, or a specific time can be obtained from the
ONU 10 and this value can be set as the sleep time. Moreover,
any method can be used for measurement of the sleep time as
long as the power-saving period can be determined and the
measurement can be performed also by measuring a relative
time lapse counted up or counted down according to a prede-
termined elapsed time or by absolute time monitoring speci-
tying absolute time of a clock. Next, the PON control unit 2
moves to the above upstream-data reception process (Step
S9) and repeats the similar process. If the specification is such
that upstream data can also be transmitted 1n the same band-
width (or frame) together with the Dying Gasp (1), there1s an
advantage that even in the state where the ONU 10 completes
data transmission leaving only a small piece of data in the
transmit buffer 12, the ONU 10 can immediately enter into the
power-saving state. On the other hand, 1n the state capable of
the power-saving state, because the ONU 10 does not have
upstream data 1n many cases, the specification can be such
that, when the sleep request i1s recetved, a process for
upstream data of this frame 1s not performed.

On the other hand, at Step S12, when the PON control unit
2 determines that the Dying_Gasp (0) 1s received, the PON
control umt 2 detects the state that the power of the ONU 10
1s turned off (Step S15), and performs a process of removing
the ONU 10 from the ActiveONUList and deleting informa-
tion and resources of the link allocated to the ONU 10. At this
time, the OLT 1 transmits a Deactivate signal (Deactiva-
te_ONU-ID) indicating disconnection of the link and
instructing to discard all information, such as link informa-
tion, to the ONU 10. Upon reception of this signal, the ONU
10 turns off the power of the optical transcerver 14. When this
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process 1s finished, the PON control unit 2 returns to the
process at Step S3 again to process the next bandwidth.
Step S17 1s a process 1n the case where a valid signal 1s not
received 1n the transmission bandwidth allocated to the ONU
10 at Step S6, and the PON control unit 2 detects a commu-
nication failure by this process. In the system having the
power-saving mode 1n which the ONU 10 1s 1n the power-
saving state simply by turning off the power of the Tx 141 of
the transceiver, the ONU 10 1n the power-saving state does
not, by necessity, transmit upstream data and the like, so that
the OLT 1 cannot detect a failure. In this embodiment, the
OLT 1 tentatively allocates a transmission bandwidth also to
the ONU 10 in the power-saving operation and the ONU 10
tentatively turns on the power of the Tx 141 after the sleep
time and transmits a frame. Therefore, at Step S6, a commu-
nication failure of an upstream link can be detected by deter-
mimng whether the ONU 10 transmits a frame in the allocated
transmission bandwidth. When a frame cannot be received in

the bandwidth, the PON control unit 2 counts up the variable
L.OS[1] that counts the number of times of non-receipt with
respect to the 1-th ONU 10.

When the variable LOS[1] reaches a predetermined number
of times LOS_Max (for example, four), the PON control unit
2 determines that communication abnormality occurs in the
upstream link of the ONU 10 and 1ssues the above alarm LOS1
(Step S19). Moreover, the PON control unit 2 moves to the
process at Step S16 and disconnects the link. On the other
hand, when the wvarniable LOS[1] has not reached the
LOS_Max, the PON control unit 2 does not 1ssue the alarm
and returns to the process (Step S3) for the next bandwidth.

After performing the above process for all transmission
bandwidths 1n one bandwidth update cycle, the PON control
unit 2 checks whether there 1s the ONU 10 1n which the sleep
time expires for each ONU 10 in the power-saving operation.
I1 the ONU 10 1n which the sleep time expires 1s detected, the
ID thereof 1s added to the ActiveONUList for tentatively
waking up the ONU 10 (Step S20). With this process, the
monitoring operation of the ONU 10 1n the power-saving,
operation explained at Steps S17 to S19 becomes possible.
Moreover, when the ONU 10 maintains the power-saving
state, the sleep request 1s returned by using the transmission
bandwidth allocated at Step S1, so that the ONU 10 can
continue the operation 1n which power consumption 1s sup-
pressed again while maintaining the link.

Next, the PON control unit 2 determines whether to con-
tinue the operation 1n the next bandwidth update cycle, and
when the operation 1s continued, the process returns to the
process at Step S1 and the above operation 1s resumed.

Details of Communication Control of ONU

Next, details of the communication process of the ONU 10
are explained with reference to FIG. 4.

FI1G. 4 15 a flowchart illustrating the communication con-
trol performed by the PON control unit 11 of the ONU 10. The
communication control 1s roughly broken down into a down-
link reception control (Steps S30 to S33) and an uplink trans-
mission control (S35 to S51).

Downlink Reception Control

First, the reception control of a downlink 1s explained. The
Rx 142 of the optical transceiver 14 receives a downlink
frame transmitted from the OLT 1 and records this recerved
data 1n the recetve builer 13. The PON control unit 11 moni-
tors the frame recerved by the optical transceiver 14 (Step
S30) and extracts transmission bandwidth information of the
uplink from header mnformation included in the frame (Step
S31). The transmission bandwidth information includes
information from which the ONU 10 as an allocation target
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can be specified and information from which a transmission
start time and a transmission end time can be specified.

Moreover, the PON control umt 11 extracts a payload
portion from the reception frame and outputs 1t to an upper-
layer processing unit (Step S32). This process 1s a process for
transmitting data received in an upper protocol suitable for
the terminals 20-1, 2 connected to the ONU 10. Next, the
PON control unit 11 determines whether to end the reception
control and turn off the power, and when reception 1s contin-
ued without turning ofl the power, the process returns to Step
S30 and the above reception control 1s continued.

Uplink Transmission Control

Next, the transmission control of an uplink 1s explained.

The PON control umt 11 waits for allocation (Grant) of a
transmission bandwidth from the OLT 1 at Step S35. When a
transmission bandwidth 1s allocated, the PON control unit 11
supplies power to the Tx 141 of the optical transceiver 14 to
set to a laser-power-on state (Step S36). This process 15 nec-
essary, particularly, when returning from the power-saving
state, so that 1f the ONU 10 1s 1 operation 1 a normal
operation state and the Tx 141 1s already 1n an on-state, the
process ol starting power supply does not need to be per-
formed again.

The PON control unit 11 instructs power supply to the Tx
141 before the actual start time of a transmission bandwidth
and at least the time period for the Tx 141 of the optical
transceiver 14 to wake up and optical output to be stabilized in
advance. The bandwidth update cycle of this embodiment 1s
an extremely short cycle and transition from the power-saving
state to the tentative wake-up state (Tentative wake-up) 1s
extremely short time and 1s performed frequently. Accord-
ingly, when the Tx 141 wakes up immediately before a trans-
mission time without considering behavior of optical output
at the time of waking up the Tx 141, effects, such as a non-
recervable state and deterioration of an error rate, occur 1n the
OLT 1. Thus, as shown 1n FIG. 4, when allocation of a trans-
mission bandwidth 1s detected, the PON control unit 11 starts
power supply to the Tx 141. Thereatter, other operations such
as a frame generating operation are performed and transmis-
sion of a frame by the PON control unit 11 1s actually per-
formed at the subsequent Step S46.

Next, the PON control unit 11 detects a data storing state in
the transmit buifer 12 and an operation state of connected
equipment, such as the terminals 20-1 and 20-2, on the down-
stream side (Step S37) and determines whether to transition
to the power-saving state (Sleep mode) (Step S38). For
example, when the OLT 1 determines that the data storing
state 1n the transmit buflfer 1s a no-data state or 1s such that
only a small amount of data of a predetermined threshold or
less 1s stored 1n a predetermined period and there 1s room 1n
the transmit buttfer, the OL'T 1 determines to transition to the
power-saving state. In the power-saving state, an uplink 1s
maintained, so that the ONU 10 needs to focus on the point
that 1t 1s possible to transmit data 1n a relatively small band-
width with respect to the capacity of the transmit buller and a
transmission rate of a communication line. Moreover, other
examples of the criteria for the ONU 10 to transition to the
power-saving state include (1) a power state of each terminal
and the number of on-state terminals or the number of termi-
nals responsive to communication, (2) whether transition of
all of connected terminals (in the present embodiment, the
terminals 20-1 and 20-2) to the power-saving state 1s detected,
for example, by a method such as an LPI reception defined 1n
IEEER02.3az, and the like.

When 1t 1s determined that the ONU 10 does not transition
to the power-saving state, the PON control unit 11 generates
a transmission payload based on transmission data stored 1n
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the transmit butfer (Step S39). This payload 1s data that 1s
processed and generated 1n an upper layer. Next, in order to
secure a transmission bandwidth of the next cycle, a status
report 1s generated based on the data occupancy of the trans-
mit buifer 12 and the like (Step S40). The report 1s generated,
for example, by the PON control unit 11 expressing a ratio of
data actually stored 1n the buffer with respect to a butfer size
instructed by a protocol such as an OMCI (Optical Network
Unit Management and Control Interface) and encoding this
ratio by a predetermined encoding method. The status can be
generated based on any criteria as long as communication
traffic of an uplink 1s recognized. Moreover, when the TM-
DBA 1s used, this report 1s not necessary.

On the other hand, when transitioning to the power-saving,
state, the PON control unit 11 records information (tlag)
indicating transition to the power-saving state 1n a built-in
memory for transitioning to the power-saving state at Step
S48 described later. Moreover, the PON control unit 11 gen-
erates the Dying Gasp (1) signal that 1s the sleep request
(Step S51).

At Step S41, the PON control unit 11 determines whether
to turn oif the power of the ONU 10. In the case of turning oif
the power, 1n order to insert the Dying Gasp (0) 1into a trans-
mission frame and transmit 1t to the OLT 1, the PON control
unit 11 generates this signal (Step S42). When the power 1s
turned off, power supply to the optical transceiver 14 includ-
ing the Rx 142 1s stopped and the ONU 10 becomes a state 1n
which both transmission and reception are not possible.
Accordingly, the PON control unit 11 actually turns off the
power alter Step S49 at which necessary transmission pro-
cesses are finished.

The PON control unit 11 collects various signals generated
at the above steps and generates a frame that accommodates
them (Step S44). At this time, the PON control unit 11 gen-
crates a frame header (Step S43) and inserts it into the frame.

When generation of the frame 1s finished, the PON control
unit 11 waits until the transmission start time specified in the
transmission bandwidth information extracted at Step S31
(Step S45) and starts transmission of the frame (Step S46).
When transmission of the frame is finished, the PON control
unit 11 determines whether to transition to the power-saving,
state (Sleep mode) (Step S47), and 1n the case of transitioning
to the power-saving state, the PON control unit 11 stops
power supply to the Tx 141 (Step S48). Specifically, the PON
control umt 11 can cause the Tx 141 to transition to the
power-saving state by transmitting an electrical signal, such
as a power-down and a shut-down, to the Tx 141 of the optical
transceiver 14. With this process, the PON control unit 11
generates an 1ntermittent transmission stop period (stop
period of the transmitting unit) 1n the sleep mode.

Finally, the PON control unit 11 determines whether to turn
off the power or to be on standby for the next transmission
(Step S49), and 1n the case of turning off the power, the PON
control unit 11 turns off the power of the optical transceiver 14
and the like and ends the process. When the Dying_Gasp (0)
signal 1s not correctly transmitted to the OLT 1 due to a single
communication error, unnecessary alarm 1s 1ssued frequently
in the OLT 1, so that the power can be turned off after trans-
mitting the Dying_Gasp (0) signal a plurality of times before
turning off the power. In this case, the PON control unit 11
counts the number of times of transmission of the
Dying_Gasp (0) signal at Step S49 and controls to return to
the process at Step S35 until reaching a predetermined num-
ber of times. On the other hand, when the PON controlunit 11
determines not to turn off the power, the PON control unit 11
returns to Step S35 and repeats the processes similar to the
above.
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Operation at the time of Occurrence of Failure

Next, the operation of the communication system when a
communication failure occurs 1s explained.

FIG. 5 1s a sequence diagram 1illustrating the case where a
communication failure occurs 1n the ONU 10 1n operation 1n
the power-saving state. The ONU 10 transitions to the power-
saving state after the transmission timing (u3), and thereatter,
receives a large amount of transmission data from the termi-
nal 20-1 and tries to return from the power-saving state after
the timing (u4). If a communication failure occurs 1n the
upstream communication path 30, data transmission cannot

be performed. Because the OLT 1 knows that the ONU 10

turns oif the power of the Tx 141 of the optical transceiver 14
and does not transmit data, temporary absence of an uplink
communication 1s not abnormal when viewed from the OLT 1
and the OLT 1 cannot detect occurrence of abnormality. How-
ever, 1n the communication system 1n this embodiment, while
suppressing an upstream communication of the ONU 10 dur-
ing the sleep time, a transmission bandwidth 1s tentatively
allocated to the ONU 10 1n the power-saving state after the
sleep time (d6). Therefore, the OLT 1 can detect whether there
1s communication abnormality (Loss of Signal for ONU1) 1n
a link to the ONU 10 1n the power-saving state by monitoring
the bandwidth allocated at (d6).

In the example in FIG. 5, when there 1s no response signal
from the ONU 10 in the bandwidth Bw allocated at the timing
(d6), the bandwidth Bw 1s allocated to the same ONU 10 also
at the following timing (d7), so that bandwidth monitoring 1s
performed twice 1n total and the LOS1 alarm 1s output based
on the second bandwidth monitoring result. This bandwidth
allocation does not need to allocate 1n the continuous band-
width update frequencies and can be transmitted intermit-
tently. Moreover, the number of times of monitoring can also
be set to any number.

The OLT 1 that output the alarm LLOS1 disconnects a link to
the ONU 10 and notifies the ONU 10 of that effect by out-
putting the Deactivate_ ONU-ID three times. The ONU 10
that recerved the Deactivate ONU-ID detects disconnection
of the link and needs to discard stored information on the link
and stop data transmission. Thereatter, the ONU 10 transi-
tions to a communication standby state (standby mode) from
the OLT 1.

After the link 1s disconnected, for the ONU 10 to reconnect
to the OLT 1, the ONU 10 responds to a discovery request
transmitted from the OLT 1 and registers 1tself in the OLT 1.

The OLT 1 registers the ONU 10 by the discovery and does

not allocate a transmission bandwidth to the ONU 10 until a
link 1s established.

Operation at the time of Power-ofl

Next, the operation when the ONU 10 turns off the power
1s explained.

FIG. 6 1s a sequence diagram explaining the case where the
ONU 10 turns ofl the power after the power-saving state. The
ONU 10 performs an operation 1in the power-saving state until
the timing (u8), however, for example, when a user performs
an operation to turn off the power of the ONU 10, there arises
the necessity of starting an operation of turning off the power
in the ONU 10. At this time, 11 the ONU 10 turns off the power

immediately from the power-saving state, the OLT 1 cannot
detect this and 1ssues the LLOS1. Therefore, the ONU 10 waits

until bandwidth allocation after the sleep time (d9) and trans-
mits the

Dying Gasp (0) signal to the OLT 1 (u9), and thereatter,
turns oif the power.

On the other hand, the OLT 1 can also recognize that a
communication failure with the ONU 10 occurs or the ONU
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10 has not returned from the sleep state by receiving the
Dying_Gasp (0) signal, so that unnecessary alarm output can
be prevented.

Variable Setting of Sleep Time and Acknowledgement

FI1G. 7 illustrates a sequence of a communication method
of determining the sleep time in the power-saving state by
signaling. When outputting the sleep request, the ONU 10
specifies the sleep time that 1s set according to the communi-
cation state of itself and outputs it to the OLT 1. For example,
when there 1s no upstream data, the ONU 10 sets the sleep
time long, and, in the case of an extremely small bandwidth or
when ntermittent communication continues, the ONU 10
sets the sleep time short (however, the ONU 10 1s transitioned
to the power-saving state). In this manner, the ONU 10 can
output the sleep request with the sleep time changed accord-
ing to the communication state of the ONU 10 (u3).

On the other hand, the OLT 1 also can set the sleep time
according to the request from the ONU 10 and a network
condition such as a maximum delay condition. When the
sleep request 1s recerved from the ONU 10, this OLT 1 deter-
mines whether the sleep state can be granted, and determines
a sleep time that can be granted while considering the
requested sleep time and transmits the acknowledgement sig-
nal (Acknowledgement) with respect to the sleep request
together with this sleep time (d4). It 1s applicable that the OLT
1 does not notity of transmission bandwidth allocation to the
ONU 10 together with the acknowledgement signal.

The ONU 10 does not transition to the power-saving state
until recerving the acknowledgement signal and transitions to
the power-saving state after recerving the acknowledgement
signal. In this manner, false recognition of the state with the
OLT 1 does not occur by waiting for the acknowledgement
signal, enabling to suppress the situation in which the OLT 1
erroneously 1ssues an alarm. Moreover, the ONU 10 can
operate 1n the power-saving state during the granted sleep
time, so that reduction of power consumption and balance of
communication can be appropriately adjusted according to
the communication state.

In the above explanation, both the ONU 10 and the OLT 1
transmit the sleep time, alternatively, only any one of the
apparatuses can transmit the sleep time for enabling to adjust
the sleep time. Moreover, the communication system can use
a sequence with no acknowledgement signal.

Second Embodiment

The second embodiment 1s an embodiment 1n which a
transmission bandwidth 1s allocated also to the ONU 10 1n the
power-saving state (sleep mode) to reduce delay of a sleeping,
upstream. The hardware configuration of the communication
system 15 similar to the above communication system
explained 1n FIG. 1.

FIG. 8 15 a sequence 1llustrating a communication method
of this embodiment. In FIG. 8, as 1s apparent from the trans-
mission timings (d4), (d3), (d7), and (d8) of the OLT 1, 1n this
embodiment, the OLT 1 allocates a transmission bandwidth
also to the ONU 10 in the sleep mode different from the
sequence 1 FIG. 2. Accordingly, the ONU 10 can release the
sleep mode without waiting for the end of the sleep mode and
transition to the normal mode to resume transmission of
upstream data.

On the other hand, in terms of alarm momitoring, the ONU
10 1n the sleep mode transmits or does not transmit a frame at
1its own decision, so that a device 1s needed. Therefore, the
OLT 1 monitors a transmission bandwidth allocated to the
ONU 10 1n the sleep mode, however, masks the count of the
L.OS1 for alarm monitoring to perform control not to output an
alarm even 11 a valid signal cannot be received 1n this trans-
mission bandwidth. The alarm monitoring state of the Loss of
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Signal 1s indicated by “ON” (monitoring valid) and “MASK?”
(monitoring invalid) on the left side 1n FIG. 8. From this
drawing, 1t 1s found that alarm monitoring of the Loss of
Signal 1s “MASKed” during the sleep time.

Details of Communication Control of OLT

Next, details of the communication process of the OLT 1 1s
explained with reference to FIG. 9.

FIG. 9 illustrates the process of the PON control unit 2 of
the OLT 1. In FIG. 9, the same reference letters as those 1n

FIG. 3 illustrate the same or corresponding processes in FIG.
3. In FIG. 3, the PON control unit 2 controls not to allocate a
transmission bandwidth to the ONU 10 1n the power-saving
state at Step S1 and Step S13. On the other hand, 1n the control
in FIG. 9, the PON control unit 2 allocates a transmission

bandwidth also to the ONU 10 1n the sleep mode at Step S60.

It 1s considered that a necessary transmission bandwidth of
the ONU 10 in operation in the sleep mode 1s small, so that the
PON control unit 2 allocates a transmission bandwidth
smaller than the ONU 10 in the normal mode.

At Step S61, the type of an upstream signal 1s 1dentified,
and the PON control unit 2 detects the sleep request by a
PLOAM (Physical Layer OAM operations, Administrations
and Maintenance) message instead of the Dying_ Gasp (1)
signal. In the sleep request, an 1identifier (identifier of a link to
the ONU 10 1s also available) with which the ONU 10 can be
speciflied and an 1dentifier of the message type indicating that
the PLOAM message 1s the sleep request are included. The
sleep request can be the Dying_Gasp (1) signal in the similar
manner to the first embodiment. When the sleep request 1s
included 1n the received upstream signal, the PON control
unit 2 detects that the ONU 10 transitions to the sleep mode at
Step S13, however, at this time, the ONU 10 does not need to
be removed from the allocation target of a transmission band-
width as described above.

Moreover, 1n the bandwidth BW at Step S61, when 1t 1s
determined that there i1s no valid received signal, the PON
control unit 2 detects whether the ONU 10 allocated to the
bandwidth 1s 1n the sleep mode by checking a timer t1 at Step
S62. Then, when the PON control unit 2 determines that the
ONU 10 1s 1n the sleep mode, the PON control unit 2 masks
the alarm process (Steps S17 to S19) and moves to Step S11
to perform a process for the next transmission bandwidth.

As above, the OLT 1 includes means for preventing a false
alarm of failure monitoring by allowing not to transmit a
frame to the ONU 10 in the sleep mode while allocating a
transmission bandwidth to the ONU 10 1n the sleep mode.

Details of Communication Control of ONU

Next, details of the communication process of the ONU 10
1s explained with reference to FIG. 10.

FIG. 10 1s a tlowchart illustrating the communication con-
trol performed by the PON control unit 11 of the ONU 10. In
FI1G. 10, the same reference letters as those 1n FI1G. 4 1llustrate
the same or corresponding processes 1n FIG. 4. In the com-
munication control in FIG. 10, even 1f a transmission band-
width 1s allocated 1n the sleep mode, the ONU 10 does not
transmit data by using the transmission bandwidth in the
sleep mode (Steps S70 and S71). Theretore, the ONU 10 does
not need to wake up the Tx 141 and thus can save power
consumption. Moreover, at Step S70, the PON control umt 11
determines whether there 1s transmission data, and when
there 1s transmission data even 1n the sleep mode, the PON
control unit 11 performs the transmission process following
Step S36. Therefore, 1n the ONU 10 that employs the com-
munication method described 1n FIG. 10, the sleep mode can
be released before the sleep time expires and transmission
delay in the sleep mode can be reduced.
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At Step S72, the PON control unit 11 generates the sleep
request using the PLOAM message 1instead of the
Dying_Gasp (1) signal in FIG. 4. On the other hand, at Step
S73, a normal Dying Gasp signal 1s generated as the
Dying_Gasp signal at the time of power-oil.

Operation at the time of Occurrence of Failure

Next, the operation of the communication system when a
communication failure occurs 1s explained.

FI1G. 11 1s a sequence diagram 1llustrating the case where a
communication failure occurs in the ONU 10 1n operation 1n
the power-saving state. At the timings (d1), (d2), (d5), and
(d6) in the sleep mode, failure monitoring 1s masked and thus
the LOS11s not erroneously detected. On the other hand, when
a failure occurs 1n an uplink after the transmission timing (u4)
of the ONU 10, the OLT 1 detects a failure of the LOS1 1n the
transmission bandwidth Bw allocated at the transmission tim-
ings (d6) and (d7) of the OLT 1 and outputs the alarm LOS1.

Operation at the time of Power-off

Next, the operation when the ONU 10 turns o
1s explained.

FIG. 12 1s a sequence diagram explaining the case where
the ONU 10 turns oif the power after the power-saving state.
The ONU 10 performs an operation in the power-saving state
until the timing (u8 ), however, for example, when a user
performs an operation to turn oif the power of the ONU 10,
there arises the necessity of starting an operation of turning,
off the power in the ONU 10. At this time, 11 the ONU 10 turns
off the power immediately from the power-saving state, the
OLT 1 cannot detect this and 1ssues the LOS1. Therefore, the
ONU 10 waits until bandwidth allocation after the sleep time
(d9) and transmits the Dying_Gasp signal to the OLT 1 (u9),
and thereafter, turns off the power. On the other hand, the OLT
1 can also recognize that a communication failure with the
ONU 10 occurs orthe ONU 10 has not returned from the sleep
state by recerving the Dying_Gasp signal, so that unnecessary
alarm output can be prevented.

Variable Setting of Sleep time and Acknowledgement

FI1G. 13 1llustrates a sequence of a commumnication method
of determining the sleep time in the power-saving state by
signaling 1n the similar manner to FIG. 7. When outputting
the sleep request, the ONU 10 specifies the sleep time that 1s
set according to the communication state of itself and outputs
it to the OLT 1. For example, when there 1s no upstream data,
the ONU 10 sets the sleep time long, and, 1n the case of an
extremely small bandwidth or when intermittent communi-
cation continues, the ONU 10 sets the sleep time short (how-
ever, the ONU 10 1s transitioned to the power-saving state). In
this manner, the ONU 10 can output the sleep request with the
sleep time changed according to the communication state of
the ONU 10 (u3).

On the other hand, the OLT 1 also can set the sleep time
according to the request from the ONU 10 and a network
condition such as a maximum delay condition. When the
sleep request 1s received from the ONU 10, this OLT 1 deter-
mines whether the sleep state can be granted, and determines
a sleep time that can be granted while considering the
requested sleep time and transmits the acknowledgement sig-
nal (Acknowledgement) with respect to the sleep request
together with this sleep time (d4). It 1s applicable that the OLT
1 does not notify of transmission bandwidth allocation to the
ONU 10 together with the acknowledgement signal.

The ONU 10 does not transition to the power-saving state
until recerving the acknowledgement signal and transitions to
the power-saving state after recerving the acknowledgement
signal. In this manner, false recognition of the state with the
OLT 1 does not occur by waiting for the acknowledgement
signal, enabling to suppress the situation in which the OLT 1
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erroneously 1ssues an alarm. Moreover, the ONU 10 can
operate 1n the power-saving state during the granted sleep
time, so that reduction of power consumption and balance of
communication can be appropnately adjusted according to
the communication state.

In the above explanation, both the ONU 10 and the OLT 1

transmit the sleep time, however, only any one of the appara-
tuses can transmit the sleep time for enabling to adjust the
sleep time. Moreover, a sequence with no acknowledgement
signal can also be used.

Explicit Release of Sleep Mode by PLOAM Message

In the above first and second embodiments, when returning,
from the power-saving state (sleep mode) to the normal mode,
the ONU 10 performs data transmission, which 1s not accom-
panied with the sleep request, 1n the allocated bandwidth. The
OLT 1 detects that the ONU 10 transitions to the normal mode
by recerving this data transmission, however, the

ONU 10 and the OLT 1 can perform the release of this

power-saving state (sleep mode) by using an explicit sleep
release request using the PLOAM Message. The flowchart of
FIG. 14 illustrates the communication control of the OLT 1

that processes this explicit Sleep release request. In FIG. 14,
the same reference letters as those 1n FIG. 9 1llustrate the same
or corresponding processes in FI1G. 9.

The Step S64 1n FIG. 14 1s a process of determining
whether the sleep request recerved by the OLT 1 i1s the tran-
sition request or the release request. The format of the
PLOAM Message can be any format. For example, the sleep
request includes an 1dentifier (1dentifier of a link to the ONU
10 1s also available) with which the ONU 10 can be specified,
an 1dentifier of the message type indicating that the PLOAM
message 1s the sleep request, and a flag indicating any one of
transition/release. This flag 1s a flag indicating whether the
sleep request requests transition to the sleep mode or to the
requests release. Moreover, as another example, a method of
allocating the identifier of the message type to be distinguish-
able between transition/release 1mstead of the flag 1s consid-
ered. Release of the sleep mode 1s explicitly performed 1n this
manner, so that both the ONU 10 and the OLT 1 canrecognize
transition and release of the sleep mode more surely and

therefore the process becomes more reliable. Moreover, 11 a
handshake method of returning the Acknowledgement signal
to release of the sleep mode 1s employed, reliability of the
communication system 1s further improved.

The embodiments of this invention are explained above.
This mvention 1s not limited to these embodiments and any
modifications can be made as long as the modification 1s
within the scope of this invention. For example, the commu-
nication system to which this commumication method 1s
applied does not need to be the PON system, and can be also
applied to an optical communication system using an active
clement. Moreover, it 1s possible to apply to a communication
system that communicates between terminals by using elec-
trical signals without being limited to an optical communica-
tion.

The communication system or the communication method
of this invention 1s an excellent communication system firstly
capable of suppressing power consumption. Accordingly, the
cifect of the invention is obtained that it is possible to use even
if a failure monitoring function 1s removed from the above
embodiments and power consumption can be suppressed
even 1n this case. Moreover, as a second additional effect,
there 1s a feature that faillure monitoring can be performed
while maintaining a link 1in the communication system in

which power consumption 1s suppressed.
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INDUSTRIAL APPLICABILITY

This invention 1s suitable for a communication method and
a communication system that need power saving.

REFERENCE SIGNS LIST

1 OLT

2 PON CONTROL UNIT
3,13 RECEIVE BUFFER
4, 12 TRANSMIT BUFFER
5, 14 OPTICAL TRANSCEIVER
6 WDM

7 PHY

10-1 to 10-3 ONU

11 PON CONTROL UNIT
20-1, 20-2 TERMINAL

30 SUBSCRIBER LINE

40 SPLITTER

51,142, 161-1, 161-2 Rx
52,141,162-1,162-2 1x

The mvention claimed 1s:

1. A communication method of an optical communication
system 1n which a user-side optical-line terminal (ONU)
apparatus 1s connected to a station-side optical-line terminal
(OLT) apparatus by an optical fiber, comprising;

allocating, by the OLT to the ONU, a transmission band-

width for transmitting a response signal 1n a tentative
wake-up period 1n a sleep mode 1n which a transmission
function ofthe ONU 1s activated 1n the tentative wake-up
period and deactivated 1n a sleep period, and transmuit-
ting a transmission bandwidth notification to the ONU;
and

transmitting, to the ONU, a notification of the sleep period

in which deactivation of the transmission function 1s
allowed.

2. The communication method according to claim 1,
wherein the ONU stops power supply to a laser of an optical
transmitter in the sleep period.

3. The communication method according to claim 1,
wherein the OLT transmits, to the ONU, a signal that grants
the ONU permission to transition to the sleep mode.

4. The communication method according to claim 1,
wherein when the sleep mode 1s continued after the sleep
period, the ONU 1n the sleep mode transmits a signal request-
ing transition to the sleep mode with respect to the transmis-
sion bandwidth notification.

5. The communication method according to claim 1,
wherein the OLT causes a transmission bandwidth allocation
cycle with respect to the ONU 1n the sleep mode to be longer
than a transmission bandwidth allocation cycle with respect
to the ONU not 1n the sleep mode.

6. An optical communication system 1n which a user-side
optical-line terminal (ONU) apparatus 1s connected to a sta-
tion-side optical-line terminal (OTL) apparatus by an optical
fiber, wherein the OLT 1includes:

an optical transceiver connected to the optical fiber, and

a control device that allocates to the ONU a transmission

bandwidth for transmitting a response signal in a tenta-
tive wake-up period 1n a sleep mode 1 which a trans-
mission function of an optical transmuitter of the ONU 1s
activated 1n the tentative wake-up period and deactivated
in a sleep period, and transmits, to the ONU, a notifica-
tion of the sleep period in which deactivation of the
transmission function 1s allowed.
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7. The optical communication system according to claim 6,
wherein the ONU stops power supply to a laser of the optical
transmuitter 1n the sleep period.

8. The optical communication system according to claim 6,
wherein the OLT transmits, to the ONU, a signal that grants
the ONU permission to transition to the sleep mode.

9. The optical communication system according to claim 6,
wherein when the sleep mode 1s continued after the sleep
period, the ONU 1n the sleep mode transmits a signal request-
ing transition to the sleep mode with respect to the transmis-
s1on bandwidth notification.

10. The optical communication system according to claim
6, wherein the control device causes a transmission band-
width allocation cycle with respect to the ONU 1n the sleep
mode to be longer than a transmission bandwidth allocation
cycle with respect to the ONU not 1n the sleep state.

11. A user-side optical-line terminal apparatus of an optical
communication system 1n which a user-side optical-line ter-
minal apparatus and a station-side optical-line terminal appa-
ratus are connected by an optical fiber, comprising:

an optical transcerver connected to the optical fiber; and

a control device that, when a transmission bandwidth i1s

allocated by the station-side optical-line terminal appa-
ratus 1n a sleep mode, causes the optical transcerver to
transmit a response signal to the station-side optical-line
terminal apparatus, wherein

the control device deactivates, 1n the sleep mode, a trans-

mission function of the optical transceiver 1n a sleep
period according to a notification received from the sta-
tion-side optical-line terminal apparatus and activates,
in the sleep mode, the transmission function of the opti-
cal transceiver to transmit the response signal in the
transmission bandwidth 1n a tentative wake-up period
after the sleep period.

12. The user-side optical-line terminal apparatus according
to claim 11, wherein the optical transcetver stops power sup-
ply to a laser of the optical transceiver 1n the sleep period.

13. The user-side optical-line terminal apparatus according
to claim 11, wherein the optical transceiver operates 1n the
sleep mode after recerving a signal that grants permission to
transition to the sleep mode from the station-side optical-line
terminal apparatus.

14. The user-side optical-line terminal apparatus according
to claims 11, wherein in the sleep mode, when the sleep mode
1s continued, the control device causes the optical transcerver
to transmit a signal of requesting transition to the sleep mode
as a response signal in the allocated transmission bandwidth.

15. The user-side optical-line terminal apparatus according
to claim 11, wherein the control device causes a transmission
bandwidth allocation cycle 1n the sleep mode to be longer
than a transmission bandwidth allocation cycle not 1n the
sleep mode.

16. A station-side optical-line terminal apparatus of an
optical communication system 1n which a user-side optical-
line terminal apparatus and a station-side optical line terminal
apparatus are connected an optical fiber, comprising;:

an optical transceiver connected to the optical fiber; and

a control device that allocates to a user optical-line terminal

apparatus a transmission bandwidth for transmitting a
response signal in a tentative wake-up period 1n a sleep
mode 1in which a transmission function of an optical
transmitter of the user-side optical-line terminal appara-
tus 1s activated 1n the tentative wake-up period and deac-
tivated 1n a sleep period 1n the sleep mode, and transmits
a transmission bandwidth notification to the user-side
optical-line terminal apparatus, and transmits, to the
user-side optical-line terminal apparatus, a notification
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of the sleep period in which deactivation of the trans-
mission function of the optical transmitter 1s allowed.

17. The station-side optical-line terminal apparatus
according to claim 16, wherein the control device causes the
optical transceiver to transmit, to the user-side optical-line
terminal apparatus, a signal that grants the user-side optical-
line terminal apparatus permission to transition to the sleep
mode.

18. The station-side optical-line terminal apparatus
according to claim 16, wherein the control device causes a
transmission bandwidth allocation cycle with respect to the
user-side optical-line terminal apparatus 1n the sleep mode to
be longer than a transmission bandwidth allocation cycle with
respect to the user-side optical-line terminal apparatus not in
the sleep mode.

19. A control device of a user-side optical-line terminal
apparatus of an optical communication system 1n which a
user-side optical-line terminal apparatus and a station-side
optical-line terminal apparatus are connected by an optical
fiber, wherein:

the control device controls an optical transceiver of the

user-side optical-line terminal apparatus and causes the
optical transceiver to transmit a response signal to the
station-side optical-line terminal apparatus, and

when a transmission bandwidth 1s allocated by the station-

side optical-line terminal apparatus 1n a sleep mode, the
control device deactivates a transmission function of the
user-side optical-line terminal apparatus in a sleep
period according to a notification received from the sta-
tion-side optical-line terminal apparatus and activates
the transmission function to transmit the response signal
in the transmission bandwidth 1 a tentative wake-up
period after the sleep period.

20. The control device according to claim 19, wherein the
control device causes power supply to a laser of the optical
transceiver to be stopped 1n the sleep period.

21. The control device according to claim 19, wherein the
control device causes the optical transceiver to be operated 1n
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the sleep mode after recerving a signal that grants permission
to transition to the sleep mode from the station-side optical-
line terminal apparatus.

22. The control device according to claim 19, wherein 1n
the sleep mode, when the sleep mode 1s continued after the
sleep period, the control device causes the optical transcerver
to transmit a signal of requesting transition to the sleep mode
as a response signal 1n the allocated transmission bandwidth.

23. A control device of a station-side optical-line terminal
apparatus ol an optical communication system in which a
user-side optical-line terminal apparatus and a station-side
optical-line terminal apparatus are connected by an optical
fiber, wherein:

the control device allocates to the user-side optical-line

terminal apparatus a transmission bandwidth for trans-
mitting a response signal 1n a tentative wake-up period in
a sleep mode 1n which a transmission function of an
optical transmitter of the user-side optical-line terminal
apparatus 1s activates 1n the tentative wake-up period and
deactivated 1n a sleep period, and transmits a transmis-
ston bandwidth notification to the user-side optical-line
terminal apparatus, and

transmits, to the user-side optical-line terminal apparatus, a

notification of the sleep period in which deactivation of
the transmission function 1s allowed.

24. The control device according to claim 23, wherein the
control device causes the optical transcerver to transmit, to the
user-side optical-line terminal apparatus, a signal that grants
the user-side optical-line terminal apparatus permission to
transition to the sleep mode.

25. The control device according to claim 23, wherein the
control device causes a transmission bandwidth allocation
cycle with respect to the user-side optical-line terminal appa-
ratus transitioned to the sleep mode to be longer than a trans-
mission bandwidth allocation cycle with respect to the user-
side optical-line terminal apparatus not 1n the sleep mode.
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