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(57) Abregé/Abstract:
It Is possible to smoothly converge the average time allocation band
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to a target band. An optical terminal station device calculates a

required amount threshold value for each of optical subscriber devices according to a difference between the average time
allocation band and the target band for each of the optical subscriber devices and reports the calculated required amount threshold
value to the optical subscriber device. Next, the optical subscriber device reports as a transmission regquest amount, a maximum
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(57) Abrege(suite)/Abstract(continued):
transmission data amount up to a data delimiter which is not greater than the reported required amount threshold value according

to the data amount accumulated in the buffer, to the optical terminal station device. Next, the optical terminal station device reports
a transmission-permitted amount which can transmit the same amount as the reported transmission request amount to the optical
subscriber device. Then, the optical subscriber device transmits a data amount in accordance with the transmission-permitted

amount.
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ABSTRACT

An object of the present invention is to quickly perform

convergence of a time average allocated bandwidth on a target
pandwidth. In the invention, an optical line terminal
calculates a requirement threshold for each optical subscriber

unit based on a difference between the time average allocated

bandwidth of each optical subscriber unit and the target

pandwidth, andnotifies a corresponding optical subscriber unit

of the calculated requirement threshold. The corresponding

optical subscriber uhit then notifies, based on the data amount
accumulated 1n a buffer, the optical line terminal of a data
amount, as a transmission requirement, up to a data separation
that is less or equal to the notified requirement threshold and

in which a maximum transmission amount can be transmitted. The

optical line terminal then notifies the corresponding optical

subscriber unit of a transmission permission amount in which

the data equal to the transmission requirement of which the

optical line terminal is notj fied can be transmitted. The

corresponding optical subscriber unit then transmits the data

amount corresponding to the transmission permission amount.

36
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DESCRIPTION

BANDWIDTH ALLOCATION METHOD AND PASSIVE OPTICAL NETWORK SYSTEM

Technical Field

[0001]

The present invention relates to a bandwidth allocation

method for dynamically allocating an upstream communication

sSsive

time (bandwidth) in a passive optilical network and a ps

optical network system in which the bandwidth allocation method

is adopted.

Background Art

[0002]

Recently users of FTTH (Fiber To The Home) services are

lncreasing with development of the Internet. A PON (Passive

Optical Network) including an OLT (Optical Line Terminal)

placed 1in a central office of a communication carrier and an

pri=-
d

ONU (Optical Network Unit) placed in a user’s home 1s one of

modes of FTTH.
The PON is an opticai network in which the OLT and the

plural ONUs are connected through an optical transmission line

such as an optical fiber and a passive optical splitter, and

the PON 1s widely used because of its economical superiority.

(00031
In an EPON (Ethernet (a registered trademark) PON) in

which the OLT and the ONU conduct communication through an
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Ethernet (a registered trademark) frame, because a GE-PON

(Gigabit Ethernet (a registered trademark) PON) having a

F

transmission speed of 1 Gbps can provide the high-rate, and

1nexpensive FTTH service, 1n particular the GE-PON i1s widely

used within the country. Recently there is a studied of
10G-EPON whose transmission speed is enhanced to 10 Gbps.
10004 ]

Generally, in the PON, a communication direction from the
- OLT to the ONU 1s called a downstreamdirection, and the opposite
direction to the downstream direction is called an upstream
direction. In many PONs including the GE-PON, the
communication in the upstream direction is performed by
time—-division multiple access. The OLT controls transmission
timing of each ONU, which allows the plural ONUs to conduct
communication with the OLT in the time-division manner.
(0005]

Similarly the upstream communication of the 10G-EPON is
conducted by the time-division multiple access. In the

10G-EPON, there is a studied method in which the plural ONUs

having the different upstream transmission speeds can be

connected toone OLT. At this point, the upstream communication
1s realized by the time-division multiple access even between
the OLT and the ONUs having the different upstream transmission
speeds.
[0006]

In many PONs 1in which the communication in the upstream

direction 1s conducted by the time-division multiple access,
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in order to efficiently utilize the upstream bandwidth,

dynamically allocated bandwidth is required by dynamically

« N

changlng a time length in which the upstream communication o:

each ONU 1s permitted according to a communication state. In
thlis case, a transmission permission amount is calculated in
each ONU, and its transmission time band is exclusively secured,
thereby allocating the bandwidth.
[0007]

In the GE-PON, a protocol called MPCP (Multi
Point-Control Protocol) is defined in order to control

-

transmission timing of each of the plural ONUs. The OLT

performs the dynamic allocated bandwidth using the MPCP.
[0008]

The ONU transmits a transmission request signal to the
OLT while a transmission waiting upstream data amount is

described as a transmission waiting amount in the transmission

request signal. The OLT receives the transmission request

signal, refers to a transmission requirement, calculates a

transmission permission amount and a transmission starting time
in each ONU, and transmits a transmission permission signal to
each ONU while the transmission permission amount and the

transmission starting time are described in the transmission

permission signal. At thispoint, the OLT performs control such

that the ONU transmission signals do not temporally overlap one

another. The ONU follows the received transmission permission
signal to start the transmission from the specified

transmission starting time, and transmits the signal
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accumulated in an upstream buffer only for the time of the

specified transmission permission amount.

[0009]

The dynamic bandwidth allocation method 1s important in

P
anad

determining performance of the PON system. The performance of

the PON system can be evaluated using i1ndexes such as bandwidth

utilization efficiency and a speed of the convergence of the

actual allocated bandwidth on the target bandwidth. In the

dynamic allocated bandwidth, it is necessary that the target
bandwlidth be calculated from the communication state of each
ONU while the high bandwidth utilization efficiency is

maintained, and that the actual allocated bandwidth be brought

close to the target bandwidth. At this point, the speed of the
convergence of the actual upstream allocated bandwidth on the
target bandwldth 1s largely influenced by the dynamic bandwidth

allocation method.

10010]

It can be said that it is a high performance PON system

that the average allocation bandwidth of actual time converges

faster to the target bandwidth.

(0011 ]

Therefore, in one of the dynamic bandwidth allocation

F
P

methods, the OLT provides a requirement threshold that is of

a transmission requirement threshold to the ONU, causes the ONU

Co report a buffer accumulation amount that is equal to or lower

than the threshold as a transmission requirement to the OLT,

g

and notifies the ONU of the transmission permission amount
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matched with the transmission requirement that 1s less than

equal to the threshold reported from the ONU.

[0012]

Patent Document 1 discloses a method for controlling the
upstream allocated bandwidth by providing an upper limlt in the

upstream transmission requirement of each ONU. In Patent

Document 1, each ONU notifies the OLT of the transmission

requlirement, and the OLT permits the transmission of the amount

that 1s matched with the notified transmission requirement, so
that a surplus bandwidth 1s eliminated and the bandwidth
utilization efficiency 1s improved. At this point, the upper
limit 1s set to the transmission requirement of each ONU 1n order
to prevent the state in which the bandwidth is exclusively
allocated to the ONU having the traffic amount larger than other
ONUs and to realiée SLA (Service Level Agreement). The
allocated bandwidth can be controlled by setting the upper
limit.

Patent Document 1: Japanese Unexamined Patent

Application Publication No. 2004-528740

Disclosure of the Invention
Problems to be Solved by the Invention

(0013}

However, in the conventional method, there are problems

P

that the upper limit of the transmission requirement is not

sultable to the quick convergence of the allocated bandwidth

on the target bandwidth, and the convergence of the allocated
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bandwidth on the target bandwidth cannot be controlled.

[0014]

That 1s, in Patent Document 1, the allocated bandwidth
1s controlled by setting the upper limit of the transmission
requlrement 1r1 order to avoid the bandwidth monopolization of
the particular ONU and to realize the SLA. Therefore, because
the upper limit of the transmission requirement is fixed to a
value that 1s not suitable to the control of the allocated

bandwidth, not only the allocated bandwidth cannot converge

quickly on the target bandwidth, but also the way of the

convergence cannot be controlled. 1In Patent Document 1, in

addition to the above-described method, there is also proposed

a method in which the upper limit of the transmission

requlirement 1s dynamically adjusted based on an input traffic
to the ONU from a connected terminal or the 1ike. However, there
1s disclosed no specific procedure of adjusting the upper limit

o~
—

of the transmission requirement.

10015]
An object of the invention is to provide a bandwidth
allocation method in which, when the PON upstream bandwidth is

H

dynamically allocated, the way of convergence can be controlled

while the time average allocated bandwidth converges quickly

on the target bandwidth, and a passive optical network system

in which the bandwidth allocation method is adopted.

Means for Solving the Problems

[0016]
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In order to achieve the above object, a bandwidth

allocation method according to the present invention

H

dynamically allocates a communication bandwidth from each o:
a plurality of optical subscriber units to an optical line

terminal 1n a passive optical network in which the optical line

terminal and the plurality of optical subscriber units are

connected through an optical transmission line, the bandwidth

allocation method includes: a step in which the optical line

terminal obtains a time average allocated bandwidth from

allocated bandwidths of past predetermined number of cycles for

each of the optical subscriber units, calculates a requirement

threshold for each of the optical subscriber units based on a

difference between the time average allocated bandwidth for
each of the optical subscriber units and a target bandwidth
determined for each of the optical subscriber units, and

F

notifies a corresponding optical subscriber unit of the

requirement threshold; a step in which the corresponding

optical subscriber unit notifies the optical line terminal of

a data amount, corresponding to data amount including data

sections up to a section which makes a transmission amount
maximum 1n a range equal or less than the notified requirement

threshold as a transmission requirement; a step in which the

optical line terminal notifies the corresponding optical

=

subscriber unit of a transmission permission amount in order

to permlt transmission of a data amount corresponding to the

notifled transmission requirement; and a step in which the

corresponding optical subscriber unit transmits the data amount
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corresponding to the transmission permission amount.
(0017}

In the bandwidth allocation method according to the
present invention, it is preferable that a sum of a proportional
calculation result of the difference, a time integration
calculation result of the difference, and a time derivation
calculation result of the difference is set to a PID computation

amount, a threshold control amount is calculated based on the

PID computation amount, and the requirement threshold of the

corresponding optical subscriber unit is calculated based on

the threshold control amount.
[0018]

In the bandwidth allocation method according to the
present invention, it is preferable that the threshold control

amount 1s set to zero for the negative PID computation amount.

[0019]

n the bandwidth allocation method according to the

present invention, it is preferable that a predetermined value

1s added to the PID computation amount to calculate the

threshold control amount.

[0020]

In the bandwidth allocation method according the present
invention, it is preferable that a minimum value of the PID
computation amount is set to a minimum PID computation amount

in the plurality of optical subscriber units, a difference

petween the PID computation amount of the corresponding optical

subscriber unit and the minimum PID computation amount is
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calculated as a PID difference, a total o:

- the PID differences

for the plurality of optical subscriber units is calculated as

a PID difference total, a value obtained by the PID difference

of the corresponding optical subscriber unit divided by the PID

difference total is calculated as a PID difference ratio, and

the threshold control amount is cs

lculated based on the

difference ratio.

[0021]

present invention, it is preferable that the requirement

threshold is calculated as a value

control amount.

(0022 ]

Pl

In the bandwidth allocation method according to the

D

identical to the threshold

In the bandwidth allocation method according to the

present 1invention, it is preferable that a predetermined

minimum allocation amount is added to the threshold control

amount to calculate the regquirement threshold.

[0023]

In order to achieve the above object, a passive optical

network according to the present i

nvention system 1is

characterized in that an optical line terminal and a plurality

of optical subscriber units are connected through an optical

transmission line to dynamically allocate a communication

pandwidth fromeach of the plurality of optica

1 subscriber units

to the optical line terminal, wherein the optical line terminal

obtains a time average allocated bandwidth from allocated

pandwildths of past predetermined cycles for each of the optical
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subscriber units, calculates a requirement threshold in each

of the optical subscriber units based on a difference between

the time average allocated bandwidth for each of the optical

subscriber units and a target bandwidth determined for each of

the optical subscriber units, and notifies a correspondlng

P

optical subscriber unit of the calculated reguirement

threshold; the corresponding optical subscriber unit notifies

the optical line terminal of a data amount corresponding to data
amount including data sections up to a section which makes a

transmission amount maximum in a range equal or less than the

notified requirement threshold as a transmission requirement;

the optical line terminal notifies the corresponding optical
subscriber unit of a transmission permission amount in order

to permit transmission of a data amount corresponding to the

notified transmission requirement ; and the corresponding
optical subscriber unit transmits the data amount corresponding
to the transmission permission amount.
(0024 ]

In order to achieve the above object, a bandwidth

allocation method according to the present invention

dynamically allocates a communication bandwidth from each of
a plurality of optical subscriber units to an optical line
terminal in a passive optical network in which the optical line
terminal and the plurality of optical subscriber units are

connected through an optical transmission line, the bandwidth

allocation method includes: a step in which each of the optical

subscriber units obtains a time average allocated bandwidth

10
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from allocated bandwidths to the optical subscriber unit for

past predetermlned number of cycles, calculates a requirement

threshold for the optical subscriber unit based on a difference

between the time average allocated bandwidth and a target

bandwidth determined in the optical subscriber units, and

P
P

notifies the optical line terminal of a data amount

corresponding to data amount including data sections up to a
section which makes a transmission amount maximum in a range
equal or less than the calculated requirement threshold as a

transmission requirement; a step in which the optical line

R

terminal notifies the corresponding optical subscriber unit o:

a transmission permission amount in order to permit

gretiey

transmission of a data amount corresponding to the notified

transmission requirement; and a step in which the corresponding
optical subscriber uni't transmits the data amount corresponding
to the transmission petmission amount to the optical line
terminal.
[0025]

In the bandwidth allocation method according to the

present invention, it is preferable that the optical line

Cerminal calculates a target bandwidth for each of the optical

subscriber units according to communication states of all the

optical subscriber units connected to the optical line terminal,

and notifies each of the optical subscriber units of the target

bandwidth.

[0026]

In the bandwidth allocation method according to the

11
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present invention, it is preferable that a sum of a proportional

calculation result of the difference, a time integration

calculation result of the difference, and a time derivation

calculation result of the difference is set to a PID computation

amount, a threshold control amount 1s calculated based on the

PID computation amount, and the requirement threshold of the

corresponding optical subscriber unit is calculated based on

the threshold control amount.

[0027]

In the bandwidth allocation method according to the
present invention, it is preferable that the threshold control
amount 1s set to zero for the negative PID computation amount.
[0028]

In the bandwidth allocation method according to the
present invention, it is preferable that a predetermined value

1s added to the PID computation amount to calculate the

threshold control amount.

10029]

In the bandwidth allocation method according to the

present 1nvention, 1t 1s preferable that the reguirement

threshold 1s calculated as a value i1identical to the threshold

control amount.
[0030]

In the bandwidth allocation method according to the
present invention, 1t 1s preferable that a predetermined
minimum allocation amount is added to the threshold control

amount to calculate the requirement threshold.

12
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[0031]
In order to achieve the above object, a passive optical

network system according to the present invention is

characterilzed in that an optical line terminal and a plurality
Of optical subscriber units are connected through an optical

transmission line to dynamically allocate a communication

pandwidth from each of the plurality of optical subscriber units
to the optical line terminal, wherein each of the optical
subscriber units obtains a time average allocated bandwidth

-

from allocated bandwidths of past predetermined number of

cycles for each of the optical subscriber units, and calculates

a requirement threshold for each of the optical subscriber units

based on a difference between the time average allocated
bandwidth and a target bandwidth determined for each of the
optical subscriber units; the corresponding optical subscriber
unit notifies the optical line terminal of a data amount,
corresponding to data amount including data sections up to a
section which makes a transmission amount maximum in a range

equal or less than the calculated requirement threshold as a

transmission requirement; the optical line terminal notifies

the corresponding optical subscriber unit of a transmission

=

permission amount in order to permit transmission of a data

amount correspondling to the notified transmission requirement;

and the corresponding optical subscriber unit transmits the

data amount corresponding to the transmission permission

amount.

10032]

13
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In the bandwidth allocation method according to the
present invention, it is preferable that the requirement
threshold 1s updated based on a set period.

P

Effects of the Invention

[0033]

According to the present invention, when the PON upstream
pandwidth 1s dynamically allocated, at the same time as the
mismatch between the transmission requirement and the
transmission permission amount is minimized, the requirement
threshold 1s serially updated to a requirement threshold
sultable to the convergence on the target bandwidth while the
OLT monitors the temporal change of the transmission permission

amount to each ONU, and the time average allocated bandwidth

P
p—

can converge quickly on the target bandwidth. The way of

convergence can be controlled by adjusting the parameter for

computing the requirement threshold.

o

Brief Description of the Drawings

[0034]

FIG. 1 1s an explanatory view of communication conducted

between an OLT and each ONU.

FIG. 2 1s an explanatory view illustrating contents of

a transmission buffer of the ONU.

FIG. 3 1s an explanatory view illustrating second

contents ot the transmission buffer of the ONU.

FIG. 4 1s a sequence diagram illustrating an example of

14
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a bandwildth allocation method according to a first embodiment

F

of the present invention.

P

FIG. 5 1s a sequence diagram illustrating an example of

a bandwldth allocation method according to a second embodiment

ﬁ

of the i1nvention.

P

Explanations of Letters or Numerals

[0035]

Ri to Rp: Report frame

Gi to Gy: Gate frame

Zzi: Requirement threshold
ai: Transmission reguirement

bi: Transmission permitted data amount

ci: Transmission waiting amount
d;: Transmission permission amount

Fi: Data

Best Modes for Carrying out the Invention
[0036]
(First Embodiment)
A method in which an OLT calculates a requirement

threshold based on a time average allocated bandwidth obtained

from allocated bandwidths of past predetermined cycles of ONU

will be described below. For a constant data transmission bit

rate, the following amount, bandwidth, and the like may be
processed by a data amount or a time. An i-th ONU is expressed

by ONU;, and hereinafter a suffix i is added to a parameter of

15
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the ONU;. A difference e; between the time average allocated

bandwidth of the ONU; and a target bandwidth obtained from a

communlcation state of each ONU is calculated. A PID
(Proportional Integral Derivative) computation amount X; is

calculated from the following equation:

[Equation 1]

x,.=f;(e,+[, e,.dt+D:.—f‘§ti-) | (1)

where P;, I;, and D; are predetermined parameters. The OLT can

control the way of the convergence of the allocated bandwidth

on the target bandwidth by adjusting values of P;j, Ii, and Dj
(for example, an optimum value is obtained by the actual
measurement etc.).

[(0037]

Three methods for computing a threshold control amount

vi based on the PID computation amount xX; will be described below.

=

A first method is a method for computing a positive value of

the PID computation amount x; as the threshold control amount

vi, and the PID computation amount x; is calculated by the

following equation:

[Equation 2]

{xi “'(xi >0)
Vi =

0---(x, <0) (2)

Therefore, the threshold control amount y; can be set to zero

for the negative PID computation amount x;, and the PID
computation amount x; can be used as the threshold control amount

Yyi as 1t 1s for the positive PID computation amount x;.

[(0038]

16
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The threshold control amount y; is calculated by the first
method, which allows enhancement of a calculation processing

speed.

[0039]

A second method for computing the threshold control

amount y; 1s a method for adding a predetermined value B;y to

the PID computation amount x;, and the threshold control amount
Yi 1s calculated by the following equation:

[Equation 3]

{x,+Bi-~~(x, >-B,)
Yi =

3
0--(x;, <-B) (3) -

Therefore, a value range of the threshold control amount Vi can

spread to obtain control performance higher than that of the
first method.
[0040]

For example, the predetermined value B; is determined such
that the time average allocated bandwidth converges on the
target bandwidth, which allows the enhancement of a speed of

the convergence on the target bandwidth.
[0041]

A third method for computing the threshold control amount

yi 1s performed as follows. That is, the PID computation amount

of the ONU having the minimum PID computation amount x in all

the ONUs is set to a minimum PID computation amount Xgin, a

difference “x;-xXpin” between the PID computation amount x; of

the ONU; and theminimum PID computation amount Xyin 18 calculated

{4

as a PIDdifference, a value in which the PID difference “X;-Xnin

17
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of the ONU; 1s divided by the sum of PID differences of all the

ONUs 1s calculated as a PID difference ratio, and a product of

the PIDdifference ratioand T, which is the number of data bytes

pre one allocation cycle 1s set to the threshold control amount
Vi, and the threshold control amount y; is calculated by the
following egquation:

[Equation 4]

Vi ="Z“(x. xT (4)

Therefore, the number of ONUs whose threshold control amounts
yi become zero can be suppressed up to one, and a maximum delay
time can be effectively shortened.

(0042 ]

Two methods for computing the requirement threshold z by
the obtained threshold control amount y; will be described below.
A first method for obtaining the requirement threshold z is a
method for equalizing the requirement threshold z; to the
- threshold control amount y;. A second method for obtai‘ning the
requlrement threshold z is a method for computing the
requirement threshold z; by adding predetermined minimum
guaranteed allocation amount A; to the threshold control amount
Yi, and the requirement threshold z; is obtained by the following

equation:

[Equation 5]

z,=y,+ 4 (5)

Therefore, the number of ONUs whose threshold control amounts

18
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y; become zero can be suppressed up to zero, and the maximum

delay time can be effectively shortened.

[0043]

For example, the minimum guaranteed allocation amount A;
1s determined by a data amount that is guaranteed in each cycle

in order to maintaln communication service.

(0044 ]

The OLT notifies the ONU; of the obtained requirement
threshold z;. FIG. 1 illustrates communication contents
conducted between the OLT and the plural ONUs by a gate frame

Gi and a report frame R;. At this point, i=1 to n.

[0045]

The OLT calculates a time average of the bandwidths
allocated 1n the past predetermined cycles as a time average
allocated bandwidth with respect to the ONU; to ONU,, and stores
the time average therein.

(004 6]

Each of the ONU; to ONU, describes a data amount whose

transmission is not permitted in the transmission data amount

accumulated 1n the upstream buffer as an accumulation data

amount (transmission waiting amount) in the report frames R;

to R,h, and each of the ONU; to ONU, notifies the OLT of the data

amount at the time each of the ONU; to ONU, is notified by the

gate frames G; to G, from the OLT. The OLT calculates the target

bandwidth based on the transmission waiting amount of each of -

the ONU; to ONU,. The OLT obtains the PID computation amounts

X1 to X, based on the stored time average allocated bandwidth

19
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of each of the ONU; to ONU, and the calculated target bandwidth,
and then the OLT obtained the threshold control amounts y; to
Yn, thereby computing the requirement thresholds z; to z,. The

OLT notifies each of the ONU; to ONU, of the regulrement

thresholds z; to z, by the gate frame G; to G,.

[0047]

Lach of the ONU; to ONU, calculates a buffer accumulation

amount, which is up to a frame end that is less or equal to the

notified requirement threshold z; to z, and in which a maximum
data amount can be transmitted, as the transmission requirement,
and then notifies the OLT by the report frames R; to R,. The

OLT notifies each of the ONU; to ONU, of the transmission

permission amount that is equal to the transmission requirement
of which the OLT is notified. Each of the ONU; to ONU, transmits
Lo the OLT the data corresponding to the transmission permission

amount of which each of the ONU; to ONU, is notified.

10048]

FIG. 2 1llustrates the requirement threshold Zi, a

Cransmission requirement a;, and a transmission permitted data
“amount b; in the transmission buffer in which pieces of data

Fil to Fi7 are ac'cumulated‘with respect to the i1-th ONU;. The

i-th ONU; notifies the OLT of the transmission requirement a;

and transmission waiting amount (Fi3 to F;7) in the requirement

threshold z; by the same report frame R;. The OLT determines
the transmission permission amount (=a;) that is matched with
the transmission requirement a; from the ONU; and the

transmission timing, and notifies ONU; of the transmission

20
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permission amount and the transmission timing by the gate frame

Gi. At this point, the OLT notifies ONU; of the transmission

permission amount (=aj;) and the next requlrement threshold z;
by the same gate frame G;j. The ONU; transmits the upstream data
F 3 a'ccording to the transmission permission amount (=aj;) and
transmission timing of which the OLT notified.

[0049]

The transmission permission amount determined by the OLT

1s not limited to the data amount that is equal to or matched

wilth the transmission requirement a;. For example, preferably
the OLT determines the transmission permission amount
corresponding to the transmission requirement a; from the ONU;.
At this point, the transmission permission amount corresponding
to the transmission requirement a; includes pieces of
information, such as burst overhead and FEC (Forward Error
Correction) parity, which are necessary to permit the

transmission amount equal to the transmission requirement.

[0050]

In order that the OLT notifies the ONU; of the requirement
threshold z;, instead of using the gate frame G;, an OAM frame
may be utilized. At this point, the gate frame G; is used to

notify the ONU; of the transmission permission amount (=a;) and

the transmission timing as is conventionally done.

[0051]

In order that the OLT notifies the ONU; of the requirement
threshold z;, a dedicated frame may be newly defined to be

utilized for notification. Further, in the 10G-EPON (Ethernet

21



CA 02714025 2010-08-03

(2 regilstered trademark) Passive Optical Network), the ONU; may

pe notified using an extended MAC control message.

[0052]

An example of the case in which the transmission
requirement a; does not include the transmission permitted data
amount b; 1s described above. In this case, preferably the
Lransmission requirement a; is less or equal to the requirement
threshold z; and the maximum data amount in a data separation
1n which the data can be transmitted and received while divided.

As used herein, the data separation means a frame end of the

p— |

Ethernet (a registered trademark) frame, a code word end of the

FEC, an ATM (Asynchronous Transfer Mode) cell end of a B-PON

(Broadband PON), or a GEM (G-PON Encapsulation Method) frame

end of a G-PON (Gigabit PON).
[0053]

FIG. 3 1s an explanatory view l1llustrating second
contents of the transmission buffer of the ONU. In FIG. 2, the
transmission requirement a; does not include the transmission
permitted data amount b;. However, transmission requirement

a; may include the transmission permitted data amount b; as

1llustrated in FIG. 3. In such cases, the transmission

requlrement a; becomes the data amount that is of the data

separation less or equal to the sum (zi+ b;) of the regulrement

threshold z; and the transmission permitted data amount pb; in
the data separation in which the data can be transmitted and
recelved while divided. The OLT subtracts the transmission

permitted data amount b; from the transmission requirement a;
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of which the ONU notified, and recognizes the actual

transmission requirement (aj;-b;).

[0054 ]

FIG. 4 1s a sequence diagram illustrating an example of

a bandwidth allocation method performed by a passive optical
network system according to the embodiment of the invention.
The bandwidth allocation method of the embodiment includes a
first step, a second step, a third step, and a fourth step in
order, and 1s characterized in that a communication bandwidth
fromeach of plural optical network units (hereinafter referred
to as ONUs) to an optical line terminal (hereinafter referred
to as OLT) i1s dynamically allocated in a passive optical network

in which the OLT and the ONUs are connected through an optical

transmission line.

10055]

First, each of the ONU; to ONU, notifies the OLT of a

transmission waiting amount c; in the timing of which the OLT

notifies each of the ONU; to ONU, by the gate frames G; to G,.

[0056]

In the first step, the OLT obtains the time average
‘allocated pandwidth from the allocated bandwidths of the past
predetérmined cycles of each ONU;, calculates the requirement
threshold z; in each ONU; based on a difference between the time
average allocated bandwidth of each ONU; and the target

pandwidth defined in each ONU;, and notifies a corresponding

ONU; of the calculated requirement threshold z;. The ONU

updates the requirement threshold z; to the value of which the
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OLT notifies the ONU.

[0057]

At this point, preferably the ONU updates the requirement
threshold z; to the value of which the OLT notifies the ONU,
pased on a set period. For example, the period, during which
the OLT notifies the ONU of the regquirement threshold z; and
the ONU updates requirement threshold z;, is previously set
based on a relationship between the update period of the
requlirement threshold.zieumithebandwidth convergence speed.
At this point, the update period of the requirement .threshold
zi may be set to a value equal to an allocation period of a
transmission permission amount d; of the ONU, or to a value
several hundred times of the allocation period. A load on
computation processing per unit time can be reduced as the
update period of the requirement threshold z; is increased with
respect to the allocation period.

[0058]

In the second step, the corresponding ONU; calculates the
data amount, which is up to the data separation that is less
or equal to the notified requirement thre'shold z; and 1n which
the maximum data amount can be transmitted, as the transmission
requirement a;, and the corresponding ONU; notifies the OLT of
the transmission requirement a;. .
[0059]

In the third step, the OLT calculates the transmission
permission amount d; corresponding to the transmission

F

requirement a; of which the OLT is notified, and notifies the
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corresponding ONU; of the transmission permission amount d;j.

10000 ]

In the fourth step, the corresponding ONU; transmits the
data F; having the data amount corresponding to the transmission

permission amount d; to the OLT.

(00061 ]

As described above, 1in the invention, when the PON
upstream bandwidth is allocated, at the same time as the
mismatch between the transmission requirement and the
transmission permission amount is minimized, the requirement
threshold can serially be updated to a reguirement threshold

suitable to the convergence on the target bandwidth while the

OLT monitors the temporal change of the transmission permission
amount to each ONU, and the time average allocated bandwidth
can converge quickly on the target bandwidth. The way of
convergence can pbe controlled by adjusting the parameter for
computing the requirement threshold.

[(0062]

Therefore, the time average allocated bandwidth can

converge quickly on the target bandwidth by adopting the

bandwidth allocation method of the first embodiment and the
passive optical network system in which the bandwidth
allocation method can be performed. Further, the way of
convergence can be controlled by adjusting the parameter for
computing the requirement threshold.

[OO63J

(Second Embodiment)
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FIG. 5 1s a sequence diagram illustrating an example of

a bandwidth allocation method which is performed by a passive

optical network system according to a second embodiment of the

invention. The second embodiment includes a first step, =

-

‘second step, and a third step in order, and is characterized

1n that the ONU calculates the requirement threshold z; based

on the time average allocated bandwidth obtained from the

allocated bandwidths of the past predetermined cycles. The

point which is different from that of the first embodiment will

speclfically be described below.
10064 ]

First, each ONU; calculates and stores each time average
allocated bandwidth. Each of the ONU; to ONU, describes a
transmission walting amount c¢; in the report frame and notifies

the OLT of the transmission waiting amount c; in the timing of

which the OLT notifies. The OLT calculates a target bandwidth

f; based on the transmission waiting amount c; of each of the
ONU; to ONU,. The OLT describes the calculated target bandwidth

f; 1n the gate frames G; to G, and notifies the ONU; of the

calculated target bandwidth f£f;.
(0065]
In the first step, each ONU; obtains the time average

allocated bandwidth from the allocated bandwidths to the ONU;

of the past predetermined cycles, and then calculates the
requirement threshold z; of the ONU; based on a difference
between the time average allocated bandwidth and the target

pandwidth f; determined in the ONU; similarly to the method for
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computing the requirement threshold z; in the first embodiment.

kach ONU; calculates the data amount, which is up to a data
separation that is less or equal to the calculated reguirement
threshold z; and i1n which the maximum data amount can be

transmitted, as the transmission requirement a;, and describes

the transmission requirement a; in the report frame, and

notifies the OLT of the transmission requirement aj.

(00606]
At this point, preferably each ONU; updates the
requirement threshold z; to the calculated value based on the

set period. For example, similarly to the first embodiment,

preferably the setting is performed based on the relationship

between the update period of the requirement threshéld Z; and
the bandwidth convergence speed.
[0067] -

In the second step, the OLT calculates the transmission
permission amount d; in order to permit the transmission of the

data amount corresponding to the transmission requirement a;

of which the OLT is notified, and notifies the corresponding

ONU; of the transmission permission amount d;.

10008 ]

In the third step, the corresponding ONU; transmits to

the OLT the data F; having the data amount corresponding to the

transmission permission amount d; of which the corresponding

ONU; 1s notified.

[0069]

Therefore, the time average allocated bandwidth can
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converge quickly on the target bandwidth f; by adopting the

bandwidth allocation method of the second embodiment and the
passive optical network system in which the bandwidth
allocation method can be performed. The way of convergence can
be controlled by adjusting the parameter for computing the
requirement threshold z;. Further, the ONU; autonomously
calculates and updates the requirement threshold z;, so that

the whole processing load can be reduced.
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CLAIMS

1. A bandwidth allocation method for dynamically
allocating a communication bandwidth from each of a plurality
of optical subscriber units to an optical line terminal in a

passive optical network in which the optical line terminal and

the plurality of optical subscriber units are connected through
an optical transmission line,
the bandwidth allocation method comprising:

a step 1n which the optical line terminal obtains a time

average allocated bandwidth from allocated bandwidths of past

predetermined number of cycles for each of the optical
supscriber units, calculates a requirement threshold for each
of the optical subscriber units based on a difference between
the time average allocated bandwidth for each of the optical
subscriber units and a target bandwidth determined for each of
the Optical subscriber units, and notifies a Cérresponding
optical subscriber unit of the requirement threshold;

a step 1n which the corresponding optical subscriber unit

notifies the optical line terminal of a data amount,

corresponding to data amount including data sections up to a
section which makes a transmission amount maximum in a range
equal or less than the notified requirement threshold as a
transmission requirement;

a step 1n which the optical line terminal notifies the
corresponding optical subscriber unit of a transmission

permission amount in order to permit transmission of a data
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A

amount corresponding to the notified transmission requirement;

and
a step 1n which the corresponding optical subscriber unit
transmits the data amount corresponding to the transmission

permission amount.

2. The bandwidth allocatibn method according to claim 1,

P

wherelin a sum of a proportional calculation result of the

difference, a time integration calculation result of the

difference, and a time derivation calculation result of the

difference is set to a PID computation amount, a threshold

control amount is calculated based on the PID computation amount,

and the requirement threshold of the corresponding optical

subscriber unit is calculated based on the threshold control

amount.

3. The bandwidth allocation method according to claim 2,

wherein the threshold control amount is set to zero for the

negative PID computation amount.

4. The bandwidth allocation method according to claim 2,
wherein a predetermined value is added to the PID computation
amount to calculate.the threshold control amount.

5. The bandwidth allocation method according to claim 2,

F

wherein a minimum value of the PID computation amount is set

Lo a minimum PID computation amount in the plurality of optical

subscriber units, a difference between the PID computation

amount of the corresponding optical subscriber unit and the

minimum PID computation amount is calculated as a PID difference,

a total of the PID differences for the plurality of optical
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L

subscriber units is calculated as a PID difference total, a

value obtained by the PID difference of the correspondilng

optical subscriber unit divided by the PID difference total is

calculated as a PID difference ratio, and the threshold control

amount 1s calculated based on the PID difference ratio.

6. The bandwidth allocation method according to any one
of claims 2 to 5, wherein the requirement threshold is
calculated as a value identical to the threshold control amount.

/. The bandwidth allocation method according to any one

of claims 2 to 5, wherein a predetermined minimum allocation
amount 1s added to the threshold control amount to calculate
the requirement threshold.

8. A passive optical network system in which an optical

 am

line terminal and a plurality of optical subscriber units are

connected through an optical transmission line to dynamically

allocate a communication bandwidth from each of the plurality
of optical subscriber units to the optical line terminal,
wherein the optical line terminal obtains a time average

allocated bandwidth from allocated bandwidths of prast

predetermined cycles for each of the optical subscriber units,
calculates a requirement threshold in each of the optical
supscriber units based on a difference between the time average

allocated bandwidth for each of the optical subscriber units

and a target bandwidth determined for each of the optical
subscriber units, and notifies a corresponding optical
subscriber unit of the calculated requirement threshold:

the corresponding optical subscriber unit notifies the
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optical line terminal of a data amount corresponding to data
amount i1ncluding data sections up to a section which makes a
transmission amount maximum in a range equal or less than the

notified requirement threshold as a transmission requirement;

the optical line terminal notifies the corresponding
optical subscriber unit of a transmission permission amount in
order to permit transmission of a data amount corresponding to
the notified transmission requirement ; and

the corresponding optical subscriber unit transmits the
data amount corresponding to the transmission permission
amount.

9. A bandwidth allocation method for dynamically

allocating a commuhication bandwidth from each of a plurality
of optical subscriber units to an optical line terminal in a
passive optical network in which the optical line terminal and
the plurality of optical subscriber units are connected through
an optical transmission line,

the bandwidth allocation method comprising:

a step 1n which each of the optical subscriber units

obtains a time average allocated bandwidth from allocated

pandwidths to the optical subscriber unit for past
predetermined number of cycles, calculates a requirement
threshold for the optical subscriber unit based on a difference
between the time average allocated bandwidth and a target

pandwidth determined in the optical subscriber units, and

notifies the optical line terminal of a data amount

corresponding to data amount including data sections up to a
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section which makes a transmission amount maximum 1n a range
equal or less than the calculated requirement threshold as a
transmission requirement;

a step 1n which the optical line terminal notifies the
corresponding optical subscriber unit of a transmission

permission amount 1in order to permit transmission of a data

amount corresponding to the notified transmission requirement ;
and

a step 1n which the corresponding optical subscriber unit
transmits the data amount corresponding to the transmission
permission amount to the optical line terminal.

10. The bandwidth allocation method according to claim
9, wherein the optical line terminal calculates a target
bandwidth for each of the optical subscriber units according
to communication states of all the optical subscriber units

connected to the optical line terminal, and notifies each of

the optical subscriber units of the target bandwidth.

11. The bandwidth allocation method according to claim

#

9, wherein a sum of a proportional calculation result of the

difference, a time integration calculation result of the

difference, and a time derivation calculation result of the

difference 1s set to a PID computation amount, a threshold

control amount 1s calculated based on the PID computation amount,

and the requirement threshold of the corresponding optical

subscriber unit is calculated based on the threshold control

amount.

12. The bandwidth allocation method according to claim
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11, wherein the threshold control amount is set to zero for the

negative PID computation amount.

13. The bandwidth allocation method according to claim

11, wherein a predetermined value is added to the PID
computation amount to calculate the threshold control amount.

14. The bandwidth allocation method according to any one

of claims 11 to 13, wherein the requirement threshold is
calculated as a value identical to the threshold control amount.

15. The bandwidth allocation method according to any one

of claims 11 to 13, wherein a predetermined minimum allocation

amount 1s added to the threshold control amount to calculate

the requirement threshold.

16. A passive optical network system in which an optical

F

line terminal and a plurality of optical subscriber units are -

connected through an optical transmission line to dynamically

allocate a communication bandwidth from each of the plurality

of optical subscriber units to the optical line terminal,

P

wherein each of the optical subscriber units obtains a

=

time average allocated bandwidth from allocated bandwidths of

past predetermined number of cycles for each of the optical
subscriber units, and calculates a requirement threshold for
each of the optical subscriber units based on a difference
between the time average allocated bandwidth and a target
bandwidth determined for each of the optical subscriber units:

the corresponding optical subscriber unit notifies the

optical line terminal of a data amount, corresponding to data

amount 1ncluding data sections up to a section which makes a
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transmission amount maximum in a range equal or less than the
calculated requirement threshold as a transmission
requlrement;

the optical line terminal notifies the correspondlng

optical subscriber unit of a transmission permission amount in

order to permit transmission of a data amount corresponding to

the notified transmission reguirement ; and

the corresponding optical subscriber unit transmits the

data amount corresponding to the transmission permission

amount.

17. The bandwidth allocation method according to claim
1l or 9, wherein the requirement threshold is updated based on

a set period.
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