US009271233B2

a2 United States Patent 10) Patent No.: US 9,271,233 B2
Miura et al. (45) Date of Patent: Feb. 23, 2016
(54) COMMUNICATION SYSTEM, USPC et 370/311
COMMUNICATION METHOD, AND CHILD See application file for complete search history.
STATION OF COMMUNICATION SYSTEM
(56) References Cited

(75) Inventors: Naoki Miura, Tokyo (JP); Nobuyuki
Tanaka, Tokyo (JP); Takeshi Sakemoto,
Tokyo (JP); Masami Urano, Tokyo (JP);
Mamoru Nakanishi, Tokyo (JP)

(73) Assignee: NIPPON TELEGRAPH AND
TELEPHONE CORPORATION,

Tokyo (JP)
Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 57 days.

14/119,185
Jun. 22,2012

(*) Notice:

(21) Appl. No.:
(22) PCT Filed:

(86) PCT No.: PCT/IP2012/066046

§371 (D),

(2), (4) Date:  Now. 20, 2013

(87) PCT Pub. No.: WO02012/176894
PCT Pub. Date: Dec. 27,2012
(65) Prior Publication Data
US 2014/0185504 A1 Jul. 3, 2014
(30) Foreign Application Priority Data

Jun. 24,2011 (JP) oo 2011-140291

(51) Int.CL
HO4W 52/02
HO4W 84/12

(2009.01)
(2009.01)

(Continued)
(52) US.CL

CPC ......... HO4W 52/0212 (2013.01); HO4J 3/0652
(2013.01); HO4L 12/12 (2013.01);

(Continued)
(58) Field of Classification Search

CPC . HO4W 52/02; HO4W 52/0216; HO4W 84/12;
HO4W 52/0229; HO4W 84/18

U.S. PATENT DOCUMENTS

8,554,077 B2* 10/2013 Ghazisaidi .......ccccoeoen... 398/67
2005/0135528 Al* 6/2005 Miyamoto ................. 375/357
(Continued)

FOREIGN PATENT DOCUMENTS

JP 2001-256583 A 9/2001
JP 2005-101808 A 4/2005
OTHER PUBLICATIONS

IEEE Std 802.-2005: Part 3: Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) Access Method and Physical Layer

specifications. .
(Continued)

Primary Examiner — Mark Rinehart

Assistant Examiner — Sanjay K Dewan

(74) Attorney, Agent, or Firm — Blakely Sokoloft Taylor &
Zafman LLP

(57) ABSTRACT

A child station (3) of a communication system performs
communication while synchronizing the reference time of a
parent station (2) with the local time (RT) of the child station
(3). When the child station (3) is switched from a normal
mode to a power saving mode in accordance with a mode
change instruction from the parent station (2), correction is
performed for one or both of a stop period in which the
apparatus of the child station (3) is stopped and a non-stop
period in the power saving mode using an error (At) generated
during the time between the reference time of the parent
station (2) and the local time (RT) of the child station (3). This
makes it possible to synchronize the parent station (2) with
the child station (3) and reliably and efficiently transfer a
control frame (CF) from the parent station (2) to the child
station (3).

10 Claims, 25 Drawing Sheets

T_aware

POWER SAVING

MODE START TIME : !

L FIRST CYCLE Sl SECOND CYCLE |
oLT2 | T_sleep | T aware+at1 | T.sleep | T aware+at 2 i - TIME

b I | | |

! et : ! !

ST1 ' : : AL 2 :

(Sleep FRI\\E\E)\ ! ! t_:' ! ;At”.2 !
onus — ¥ ( I ] I : E i > TIME

)

ST2
(Sleep_Ack FRAME)

T_sleep U T_aware
3

ST.
(ERROR (At_1) NOTIFICATION FRAME)



US 9,271,233 B2

Page 2
(51) Int.CL 2012/0087652 Al* 4/2012 Horishita etal. .............. 398/25
HO4W 84/18 (2009.01) 2012/0148246 Al* 6/2012 Mukaietal. .. .. 398/58
2012/0155873 Al*  6/2012 Leeetal. ..ccooooorrronnnen. 398/58
HO4L 12/44 (2006.01) 20120166819 Al* 62012 Skubic elal . 713/300
HO04M 11/00 (2006.01) 2012/0177361 Al* 7/2012 Hirano et al. .. .. 398/1
Ho4L 12/12 (2006.01) 2013/0045005 Al* 22013 Nakuraetal. ... . 398/25
HO4L 12/403 (2006.01) 2013/0272180 Al* 10/2013 Hiremath etal. ... 370/311
2013/0272708 Al* 10/2013 Mizuguchi et al. . 398/71
231331/10;00 8882'88 2013/0330074 Al* 12/2013 Kikuzawa etal. ... . 398/38
GO8C 17/00 (2006.01)
(52) US.CL OTHER PUBLICATIONS
CPC ........ HO4L 12/403 (2013.01); HO4Q 11/0067 11y gtd 802, 3av TM-2009: Part 3: Carrier Sense Multiple Access

(2013.01); HO4Q 2011/0079 (2013.01); HO4Q
2213/1301 (2013.01); HO4Q 2213/1308
(2013.01); H04Q 2213/1336 (2013.01); YO2B
60/32 (2013.01); Y02B 60/34 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

2010/0118753 Al*
2012/0045201 Al*

5/2010 Mandin etal. ............. 370/311
2/2012 Skubicetal. ... 398/38

with Collision Detection (CSMA/CD) Access Method and Physical
Layer Specifications.

Kubo et al., “Sleep and Adaptive Link Rate Control for Power Saving
in 10G-EPON Systems”, Proceedings of the IEEE Global Telecom-
munications Conference, GLOBECOM 2009, pp. 1-6, 2009.
Sakamoto et al., “A Consideration of Control Interface for Energy-
efficient 10G-EPON System”, IEICE Technical Report, Apr. 19,
2010, vol. 110, No. 20, pp. 7-12.

* cited by examiner



US 9,271,233 B2

Sheet 1 of 25

Feb. 23, 2016

U.S. Patent

MHOMLIN
TVYNH31X3

NOILO3S NOd AN

NNO

c-&

NNO

1€




US 9,271,233 B2

Sheet 2 of 25

Feb. 23, 2016

U.S. Patent

ateme | deajsL ateme | desis™ | m @ §<mn_M_w% ~degs)
_ _ _ _ /

NIl - _ 1 _ _ _ _ Y ENNO
(3nvy4d h
¥Ooy alemy) j
v1S— — ”

(Invyd aiemy) _ (anvyd desis)

€1S “ ~— LLS

aANIL “ y “ _ ” “ Y 2110
ajeme | dosjs L aieme | doojs™ 1 !

- > VT >
JAON TVYINHON JAON DNIAVS HIMOd ' 3AON TYINHON
FNILL 1YV1S 3AaONn

ONIAVS HamOd

¢ Old



US 9,271,233 B2

Sheet 3 of 25

Feb. 23, 2016

U.S. Patent

o [YHOMLAN
™| 3woH
8

£ | A3sE—
INawadnsyan|™ = LINN
prt 138~ | 704INOD HIMOd
NOLVIS GHO | mMv— NOILVLS @TIHD
€e 2
TO—~— 1SdS—
> Y Y
LINN NOLLYDINNWIWOD NOLLYLS TIHD
Nowass| | - \< — -
zg / Le nNO V\
A dAn49 <A
Zz
1
Z— 1INN “TOHLNOD H3IMOd NOILYLS LN3HVd
wee o2 A 1
cC 157
—H L0~
Y
w_q_,ﬁ_vmﬁwm B LINN NOLLYDINNININGD NOLLVLS LN3HVd -
\
an! b 110
4n 49
g

€0ld

Vzo_._.omm
NOd
Z



US 9,271,233 B2

Sheet 4 of 25

Feb. 23, 2016

U.S. Patent

(3nvyd xoy doag)

1 €NNO

(3Nvyd doslg)

_ _ _ _ : AL
aleme | _ desjs™ | _ aleme | deajs | _ \

= K | |
I

I i

@wvyd V “ VA !

oY alemy) “

v1S— — (FINvy4 asemy) "

| |

FNIL < _ Y “ “ _ Y
aleme | doos™L aleme | dogis™ | i
diNIL LHVLS 3dON
ONIAVS HaMOd

¥"Old



US 9,271,233 B2

Sheet 5 of 25

Feb. 23, 2016

U.S. Patent

(3NvHd Moy dagig)

aleme | w-desjs | aleme | deajs | _ ¢1s
JNIL = “ i _ “ “ , “ L * €NNO
(M o | \
Moy alemy) | " !
PLS—" (@nvyd asemy) L "
| " s |
TNLL < | v | | | v
_ arleme™| | doojs™L _ asleme™) | dogjs™1 _
- LA L
" 310AD ANOD3S | FT0AD LSHI4 !
JNIL 1HVLS 3AOn
DNIAVS HIMOd



US 9,271,233 B2

Sheet 6 of 25

Feb. 23, 2016

U.S. Patent

£ - 13sd—
LND — 1IN
AMNIGZUNSYIN* 135~ | 10u.1NOD HAMOd
€6 |NOWVIS aTHO [ wmy— | NOWVLS aTIHD
i I Wis— 1 —
14—~ | _axs 20—~ 1sds~| ©£
_ y L _ [eomian
- >\ 3WOH
LINN NOILVOINNWINOD NOILYLS ATIHD ’
Nowsas| |~ -
NOd \ p L€ NNO
S dn4o 4n
£ - 8
lasd—
L LINN
7 ANSATRNSYAN [ 135 | 10H.1NOD HIMOd
— Wis— — I
£c A
19— LD~
y
JIOMIIN LINN NOLLYOINNWOD NOILYLS INIHVd
) : )
4 IS 110
4N 49 /
9

9°0I4



US 9,271,233 B2

Sheet 7 of 25

Feb. 23, 2016

U.S. Patent

-

-

das|s X asemy X“F doais X | asemy X m dosig Xm._%moz

-

L

desig

' aJemy QAM doalg x atemy X

1
I 1

<

dea|s  XIWAHON

NOILLYZINOYHINAS

40 NOLL31dINOD

J1V1S asemy
31V1S des|s
13s

Jlvis

ENNO

A1VLS ademy
J1VLS deo|s
13s

31ViS

JA0N DNIAVS HIMOd

LOld

" 300N
TVINHON

¢l10



US 9,271,233 B2

Sheet 8 of 25

Feb. 23, 2016

U.S. Patent

(2S) 31vis asemy

L1Nd1NO TYNYIS 13534
NOILYJIILON NOILd3O3H FNVHA %Iy asemy

A

NNV~ NS —~—

y

NOILONYLSNI NOISSINSNYHL JNVHd ssemy

(0S) 3AOW TYINHON

1Nd1NO TYNYIS 13S
NOLLYOIILON NOILd3D3H JNVH4 Yoy deajs

(1S) 31vLs dosjs

NOILONHLSNI NOISSINSNYHL INVYL des|s

_
_
|
_
_
|
_
_
_
|
_
_
_
|
_
_
|
_
_
_
|

L300 DNIAVS HIMOd — — — — —




US 9,271,233 B2

Sheet 9 of 25

Feb. 23, 2016

U.S. Patent

1INN IOVHOLS 7| 43LNNQY asemy .
aleme | 4NO |NOLLVLS IN3HVd s
i NMY
- aleme | -
aec 3ec
/| HALNNOD deais -
1INN IOVHOLS 4NO |NOILYLS IN3HYd A
deajs™ L WS
-~ %m_ﬂ:._. P
gec o€c
VEZ — LINN TOHLINOD INJWIHNSVIN ~
dol43d NOILVLS LN3Hvd -
il —
13sy
= ’
13s

LINN LNINIHNSVYIN AOIH3d NOILVLS LNIHVd

—
Ec

6'OId



US 9,271,233 B2

Sheet 10 of 25

Feb. 23, 2016

U.S. Patent

LNd1NO TVNDIS 13534
NOILONHLSNI NOISSINSNVHL INVHL ¥OY asemy
'\ NOLLVOI41LON NOILd3O3H JNVHA alemy

(SS) F1VLS a1emy

(£S) 3AOW TYINHON

1Nd1NO TYNOIS L3S
NOILONYLSNI NOISSINSNYHL IWVH4 ¥ov daa)s
NOILYI4ILON NOILd393H VY4 deals

Y

(¥S) A1vls dosjs

|
_
_
_
_
_
_
_
_
_
| MY~ WIS~
_
_
_
|
_
_
|
_
_
_

0L'OId



US 9,271,233 B2

Sheet 11 of 25

Feb. 23, 2016

U.S. Patent

€6~

1INN LNJFWIHNSVYIW A0IH3d NOLLYLS @TIHD

P

1INN IDVHOLS ~  |431NNOD ddemy -
aleme | 4NO | NOILVLS QTIHO -
7 > NMY
-~ aleme | ~
aee 3E€
| H3LNNOJ daalsg -
w 1INN 39YHOLS /| NOLLYLS ATIHD P
deo|s™ L dNO Wis
- das|s | ~
gee oce
lINN NOLLD3L3A -
L1INN TOHLNOD LNISWIHNSYAN [
HOHHI NOILVLS aTHO aoldad NOLLYLS a1IHD P
N A A .rmmm
%4 ~
J€€ E\m
1H~ ~3AS

Ol



US 9,271,233 B2

Sheet 12 of 25

Feb. 23, 2016

U.S. Patent

_ aleme | _ doeos™ _ Jv-aieme | _ doss™ w

FNIL = _ i _ _ 'y _ “ _ i i €NNO
(Anwvyd (INvy4 v ! (3nvy4d
Xy~ alemy) NOILYOIJILON b (GWvHy | NOLLVOIdILON
VIS~ JANLLANI b ~d _ AWILANT)

_ 91S—— | | wv_d2eis), — Gls

! LY |

| (anvy4d asemy) ; A _

“ Sl “ " | ANy dosis)
AL “ Y “ “ _ “ _ Y 2110

' aleme | dos|s™L ; ateme | deajs 1 !

~ I10A0 ANOD3S 2 F10AD LSHIA g

AWIL LHVLS JAON
ODNIAVS Hamod

¢l’Old



US 9,271,233 B2

Sheet 13 of 25

Feb. 23, 2016

U.S. Patent

£ ~13su—
uNn | LINA
ANINIUNSYIN| 135 | q041NGD HamOd
gr |NoviSauHO[ wmy— | NOWUVLS GTHO
] i Wis— =
L8~ 20~| lsds~| ©¢€
— 1IMV ‘131S \ '
, gy
1INN NOLLYSINNWINOD NOILYLS IHD ,
Nouaas) | =
| A 1& NNO
~4n49 4n
Z - g
1INN 13sd—
- LINN
72— INFNRNSYAN [~ 135~ | 10u1NOD HImOd
NOLLYLS INTuvd[ wmy— | NOMVLS IN3HVd
Wis— I I
gc cc
10—~ 1O~
Y >
JHOMIIN LINN NOLLYDINNWINOD NOILVLS LNIHVd
\
4 Lc 110
4N40 J

€1'OId



US 9,271,233 B2

Sheet 14 of 25

Feb. 23, 2016

U.S. Patent

LINA LNIW3HNSVYIIN AOIH3d NOLLYLS a1IiHD

1lINN 3OVHOLS

Y

JNLLANS

ey —

aold3d atemy

asy-

N
y

13amv

(<)
1IN

NOSIHVdW09
alemy

LINN 3OVHOLS

oer—

JINILL AN
aoldzd ae9ls

ger-”

Y

1318

(<)
1IN
NOSIHYdH09
RIS

4

SaMV

VEy —

Y

s3a1s

LINN TOHLINOD
ININ3HNSYIN
Qoiead
NOLLVLS Q1HO

A

|

14~

~13MV 1318

¥1°OI4

A\



US 9,271,233 B2

Sheet 15 of 25

Feb. 23, 2016

U.S. Patent

(¢"puadeajs})

deajs™ 1 +aieme | +| pua deojs |

)

(1 puadosis™])
desis L +ie1Ss |

_ _ - _ i (Invyd oy des|g)
_ aleme | _ des|s | _ Jv-ateme | _ doa|s | _ \N._.w
JNIL = 1 _ €NNO
| | | I | I
(anvyd P !
WOy alemy) ro _
— b :
riS— (anvyd sremy) Lo "
“ €1s Lo | (anvy4d desis)
| " o | — HS
_ aleme | _ EET _ aleme | _ desjs L _
~ 310A0 ANOD3S - 3T0AD 1SHI3 ~
A A AN
3 Aw|v=m||2a$m| 1) N :.Hu:mlm._m@ml 1) (s 1)
aleme | +doa|s™ |+ | puo aleme | alteme | +dosjs ] +ie)S | IWILLHVLS 3don
ONIAVYS HIMOd

SOl



US 9,271,233 B2

Sheet 16 of 25

Feb. 23, 2016

U.S. Patent

o |HOMLIN
| 3NOH
4N
8

. ~“1swa—
— unNn [ —
1354 1INN
N ony =g TOUINOD Hamod |
_{NOILYLS GTIHD —»| NOWVISOTHO | CE
el NMV -
I Wis— —} i
18— 20— 1SdS~| |~1d
Y Y
LINN NOLLVOINNIWWOD NOLLYLS aTIHD
il )
p 1€ NNO
A~ 4n49
£ - =
N | 13SH LINA
7 Emm_,_mﬁmwﬁs 13as— | 1081NOD HaIMOd
NOILYLS IN3uvd | umv— | NOHVLS INIHvd
s~ =
£c cc
10— LD~
f\ i
NHOMLIN > >
AVNHILXT LINN NOLLYOINNIWWOD NOLLYLS LNIHVd
B &
o 110
4N 49
9

91'Old

u NOILJ3S
NOd
Z




US 9,271,233 B2

Sheet 17 of 25

Feb. 23, 2016

U.S. Patent

aleme | HEc— -
JE5 « e
__ m 0500 A
1INN .
I5VHOLS NOILYINOTvO o " | samy %
aieme | JNILAN3 7 wis
aOldad 3lBmy | | 2w
35 H T 11
13sy”
— LINN T0HINOD
sSNJ AINFWIHNSYIW
— a0i3d
180 NOUVIS QTHO |
T = = ——
IS s
dosis™1 VEG ~
; ¢ - AA_W
_ Y Y VY LN -
; NOSYcHod |7 - _
\ LIND
aoviols | | NOLLYINITVD o ®6 | sa18 135y
deals 1 : 3NILL AN P -<
doid3d asejs 131s ._.m\w
ges- 065" ass” LINN INIWIHNSVIN
aOIY3d NOILVLS aTiHD
\

L1'O1d



US 9,271,233 B2

Sheet 18 of 25

Feb. 23, 2016

U.S. Patent

(INvyd Yoy doag|s)

- _ u aleme | _ u-dos|s L m m \N._.w
" _ " "
| I “ |
! (Anvad VA ” “
_ 3oy auemy) | _ _ (Invyd desyg)
“ y1S — (Invyd asemy) | " ~— LS
“ “ 1S " "
IwiL <] — Y | S | | v 2110
_ u aleme | _ u-deg|s L _ _
~ 3TOAD HLU - |
L
LHVLS 300N
HNIAVS 43MOd

81°Old




US 9,271,233 B2

Sheet 19 of 25

Feb. 23, 2016

U.S. Patent

(v oy dosis)

\N._.m

(Invy4d dogls)

619l

_ uTaleme | _ Ww-u—daaisTL m _
| Y | ™
. I : n
! [ | |
_ (anvda | .
! Yoy alemy) | " :
“ v1S— — (Invyd atemy) | "
) I ! !
Y _ _ I
_ uTaJseme | _ u dasls™L _ |
' - "
! 310AD HLU i “
JNIL
JHVYLS 3a0W
DNIAVS HIMOd



US 9,271,233 B2

Sheet 20 of 25

Feb. 23, 2016

U.S. Patent

£—— M.._d._m;ml I'd
LINN U dea)s | LINN
—INIAIHNSYIN~TIsu— | 104INOD HamOd
£9 |nowvisauHo[T_135— | NOLLVIS 1HD
My ="
\ 1 wis— 1 =
. A 20—~ 1sds~ ¢€
_ \d Y  prsomuan
LINN NOLLYDINNINWOD NOLLYLS aTIHD F
Nowgas| | — h
Nod L€ NNO
S dn4o 4N
- 8
LNA 13sy—
- — 1IN
7] INTRFENSYAN | 135 | 104INOD Hamod
NOLLYLS IN3uvd | mv— | NOMVLS LN3Hvd
— Wis— T
gc cc
19—~ LD~
\
JiomiaN LINN NOLLYDINNININOD NOLLYLS INJHVd
- ~ NOILO3S
~ NOd
o 12 110 V\
4N ‘40 /
9

0¢'Old




US 9,271,233 B2

Sheet 21 of 25

Feb. 23, 2016

U.S. Patent

LINN LNJWIHNSYIN OIH3d NOILVLS ATIHO

U eseme L  |HILNNOD ddemy o
NOILVLS GTIHD A
7 > WMV
4NO 7
£9— 0g9
——— — ™|43LNNOJ do9|S o
UIV-uTdeRIs"L [\ 1vis aIHY -
- WIS
\
4NO —
ge9
LINN TOYLINOD INIWIHNSYIN | = =
NOILYZ I HouuT . QOI3d NOILVLS G1IHD D u"aseme” |
NOILVLS G1IHD z\ B u-desjs L
- —
§ 1354
-
Q.m..@\ A A G\M@\ 13S
14~ ~3dAS

TAIE



US 9,271,233 B2

Sheet 22 of 25

Feb. 23, 2016

U.S. Patent

(Invyd atemy) _
€1s (Invyd Moy dasjg)
; ; _ cls
_ (uTw)-(u"aueme™}) _ u deg|s | _ _ \
JNIL = €NNO
| I L | | | VA
" (3wved L | | (FWYY4 dools)
1 )oY “elemy) U ! " ~—L1S
p o PS— ro ! "
INIL y | S _ y z110
u aieme | _ u-daajsT|L _
-t - “
" 3TOAD H1u " "
aniL
1HV1S 300N
ONIAVS HIMOd

¢¢’Old




US 9,271,233 B2

Sheet 23 of 25

Feb. 23, 2016

U.S. Patent

o W
— LNn [ —
13sy 1INN
Oy =135 TOHINOD HaMOd
__|NoIvLS dTHD | NOLVIS QTHO
£e Wmv—
f i Wis—
2o~ 1sds~| €
- e g
L1INN NOLLYDINNINWOD NOLLYLS TIHD ’
p LE NNO F
4N ‘49 4h
Z - g
13sy—
iy (—— 1INN
7 INFUSUASYIN [ 135~ | 10u1NOD HamOd
NOWLYLS INFuvd|  pwmy— | NOMVLS IN3uvd
~ Wis— "~ I
x4 ze
1O~ 1O~
A Y N
T 1INN NOLLVOINNINNOD NOLLYLS INTHVd
h — - NOLLO3S
"_:\E e 110 v\ Nod
4040

€¢'Old

Z



US 9,271,233 B2

Sheet 24 of 25

Feb. 23, 2016

U.S. Patent

(3WYH4 NOLLYDILLON (17IV) HOoHY3) (Invyd xoy desis)

£1S AR
| " 4 "
_ aseme | | doois™| _ ateme | doajs L _
NIL e £NNO
| - | m ERVAR:
! i | o ! (3mvy4 dears)
| s | %t | s
| - | \ | v
NIL | 2w+ereme™L [ dogs) | L w+oteme L |  dogs g | ¢k1o
-— > >
| IT1OAD ANOD3S “ 310AD 1SHI _
_ _ 3WIL LHVLS IAOW
HNIAVS HIMOd

¥¢'Old



US 9,271,233 B2

Sheet 25 of 25

Feb. 23, 2016

U.S. Patent

o Fwv—
T LINN - —
INan3dnsyaw|_ L3S 1INN
- TOHLINOD HIMOd
e 13S— | 'NOILVLS aTIHD

—|NOILVLS aHD

c6 My
) ) wis— A
14— L 3AS 20—~ 1sds~ ©°€
L y ruoman
LINN NOILYOINNINWOD NOILVLS QTIHD 3NOH
NOILOZS h
NOd 1e NNO K
< an4o 4n
Z 8

Y

A

-l

.}

L
N e
13sH LINN
€™ o " [+~ 55— JOH4NOD HamOd
NOLLVLS N3V NOILVLS INJHVd

nmv—""
El—W\ :

A —
&¢ v~ o~ &
A Y
- LINN NOLLVIINNWINOD NOLLVLS IN3HVYd
NOILO3S
——
1é 110 o
nEd

G¢'Old

Y

AHOMLIN
TNH3LX3

A




US 9,271,233 B2

1

COMMUNICATION SYSTEM,
COMMUNICATION METHOD, AND CHILD
STATION OF COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a communication system, a
communication method, and a child station of the communi-
cation system and, for example, to a communication method
of, in a communication system formed from a parent station
and a child station, shifting the child station from a normal
mode to a power saving mode in which some or all of func-
tions have stopped.

BACKGROUND ART

APON (Passive Optical Network) system is a conventional
communication system formed from a parent station and
child stations. The PON system performs communication by
point-to-multipoint using an OLT (Optical Line Terminal)
installed in a station building as a parent station and an ONU
(Optical Network Unit) installed in each user home as a child
station.

FIG. 1 shows the arrangement of a PON system 1. Refer-
ring to FIG. 1, the PON system 1 includes an OLT 2 installed
in a station building, m ONUs 3 3_,, 3_,, ..., 3_,, each
installed in a user home, optical fibers 4 that connect the m
ONUs3 (3_,,3_,,...,3_,) to 1:m, and an optical splitter 5.
Note that an external network 6 is connected to the OLT 2.
The section where the ONUs 3 and the OLT 2 are connected
by the optical fibers 4 and the optical splitter 5 will be referred
to as a PON section 7.

In the PON system 1, signals transmitted from the plurality
of ONUs 3 are bundled by the optical splitter 5 and reach the
OLT 2 in this state. Hence, the PON system 1 defines the
signal transmission timing of each ONU 3 not to cause con-
fliction between the signals from the ONUs 3 (for example,
see non-patent literatures 1 and 2).

The OLT 2 periodically transmits a reference time to each
ONU 3 in accordance with the definition and notifies each
ONU 3 of time at which it is permitted to transmit a signal.
Each ONU 3 sets the local time of its own to the reference
time received from the OLT 2, and when the local time has
reached the designated time, transmits the signal and com-
municates with the OLT 2.

In the PON system 1, the ONU 3 is installed in each user
home. For this reason, the power consumption of all ONUs 3
makes up a large proportion of the power consumption of the
entire network, and the ONUs 3 are required to save power.

The ONU 3 uses, for example, a Cyclic Sleep method as the
power saving method (see, for example, non-patent literature
3). In the Cyclic Sleep method, the ONU 3 has two modes,
that is, a power saving mode and a normal mode. In the power
saving mode, the ONU 3 performs Cyclic Sleep. In the nor-
mal mode, Cyclic Sleep is not performed.

Inthe Cyclic Sleep method, the ONU 3 periodically repeats
a Sleep state and an Aware state in the power saving mode.
The Sleep state indicates a state in which the apparatus is
partially or wholly stopped to suppress power use. The Aware
state indicates a state in which the apparatus is activated not to
suppress power use. A period during which the ONU 3 is in
the Sleep state will be referred to as a Sleep period, and a
period during which the ONU 3 is in the Aware state will be
referred to as an Aware period hereinafter. The time from the
start of the Sleep period to the end of the Aware period will be
referred to as one cycle. Signals transmitted/received
between the OLT 2 and the ONUs 3 will be referred to as
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frames for distinction from internal signals of the apparatus.
The frames include user frames and control frames. “User
frame” is a general term for frames exchanged between the
external network 6 and a home network, and “control frame”
indicates frames (including a Sleep frame, Sleep_Ack frame,
Aware frame, and Aware_Ack frame to be described later)
other than the user frames.

FIG. 2 shows the communication process of the Cyclic
Sleep method. In the Cyclic Sleep method, the OLT 2
instructs the ONU 3 to shift from the normal mode to the
power saving mode or return from the power saving mode to
the normal mode.

In actuality, referring to FIG. 2, the OLT 2 first decides,
based on traffic and the like, to set a specific ONU 3 in the
power saving mode, and transmits a control frame (in this
case, Sleep frame) for instructing it to the ONU 3 at time of
step ST1. Upon receiving the Sleep frame, the ONU 3 returns
a control frame (in this case, Sleep_Ack frame) to the OLT 2
at time of step ST2 to notify it that the ONU 3 has acknowl-
edged the shift to the power saving mode.

After transmitting the Sleep_Ack frame to the OLT 2, the
ONU 3 is setin the Sleep state during a preset Sleep period (to
be referred to as “T_sleep” hereinafter). When the Sleep
period has ended, the ONU 3 is set in the Aware state during
a preset Aware period (to be referred to as “T_aware” here-
inafter). If no instruction is received from the OLT 2 until the
end of the Aware period, the ONU 3 is set in the Sleep state
during T_sleep again, and periodically repeats this operation
from then on.

In the Cyclic Sleep method, to return the ONU 3 from the
power saving mode to the normal mode, the OLT 2 sends a
control frame (in this case, Aware frame) for instructing
return from the power saving mode to the ONU 3 at time of
step ST3. Upon receiving the Aware frame, the ONU 3 returns
from the power saving mode to the normal mode, and trans-
mits a control frame (in this case, Aware_Ack frame) to the
OLT 2 at time of step ST4 to notify it of the return. From this
point, the ONU 3 remains in the normal mode until a control
frame (Sleep frame) is received from the OLT 2 again.

Note that in the Cyclic Sleep method, the time at which the
Sleep period starts in the first cycle will be referred to as a
power saving mode start time, and the OLT 2 and the ONU 3
are synchronized for the power saving mode start time.

FIG. 3 shows detailed examples of the arrangements of the
OLT 2 and the ONU 3 that implement the Cyclic Sleep
method. The OLT 2 includes a parent station communication
unit 21, and (m) parent station power control units 22_, to
22_,, as many as the ONUs connected to the OLT 2.

The OLT 2 implements a protocol defined by non-patent
literature 1 or 2 in the parent station communication unit 21.
The OLT 2 maintains connection to each ONU 3 while peri-
odically transmitting a control frame from the parent station
communication unit 21 to the ONU 3 via the PON section 7 to
notify them of the reference time, and transmits a user frame
input from the external network 6 to the ONU 3 via the parent
station communication unit 21 and the PON section 7. The
OLT 2 also transmits a user frame, which is input from a home
network 8 to the ONU 3 and transmitted from the ONU 3 via
the PON section 7, to the external network 6 via the parent
station communication unit 21.

The m parent station power control units 22 (22_, to 22_,)
of'the OLT 2 correspond to the ONUs 3 connected to the OLT
2, and control whether the ONUs 3 should be in the power
saving mode or the normal mode. In the OLT 2, each parent
station power control unit 22 receives traffic Q1 of the corre-
sponding ONU 3 from the parent station communication unit
21. The parent station power control unit 22 decides, based on
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the traffic Q1, whether to set the ONU 3 in the power saving
mode. Each parent station power control unit 22 ofthe OLT 2
instructs the parent station communication unit 21 to transmit
a control frame CF by a control signal C1. The parent station
communication unit 21 generates the control frame CF such
as the above-described Sleep frame or Aware frame in accor-
dance with the transmission instruction and transmits the
control frame CF to the ONU 3.

On the other hand, the ONU 3 includes a child station
communication unit 31, a child station power control unit 32,
and a child station period measurement unit 33. The ONU 3
implements the same communication protocol as that in the
OLT 2 in the child station communication unit 31. The ONU
3 maintains connection to the OLT 2 while establishing time
synchronization between the local time of the ONU 3 and the
reference time of the OLT 2 based on the reference time
transmitted from the OLT 2.

The ONU 3 transmits a user frame UF, which is input from
the home network 8, from the child station communication
unit 31 to the OLT 2. In addition, the ONU 3 transmits the user
frame UF, which is input from the OLT 2 via the PON section
7, from the child station communication unit 31 to the home
network 8. When the ONU 3 shifts to the Sleep state or the
Aware state, the child station communication unit 31 of the
ONU 3 controls stop or activation of the communication
function by a stop/activation signal SPST input from the child
station power control unit 32.

The child station power control unit 32 of the ONU 3
receives the control frame CF from the OLT 2 via the child
station communication unit 31, and manages whether the
ONU 3 should be in the power saving mode or the normal
mode. More specifically, upon receiving the control frame
(Sleep frame) CF from the OLT 2, the child station commu-
nication unit 31 of the ONU 3 notifies the child station power
control unit 32 of the contents of the control frame (Sleep
frame) CF by a control signal C2. As a result, the child station
power control unit 32 of the ONU 3 shifts from the normal
mode to the power saving mode based on the control signal
C2 and repeats the Sleep state and the Aware state in a pre-
determined period. The child station period measurement unit
33 measures the Sleep period and the Aware period.

In the ONU 3, the child station power control unit 32
outputs a set signal SET and a reset signal RSET to the child
station period measurement unit 33, and the child station
period measurement unit 33 outputs a Sleep state signal SLM
and an Aware state signal AWM to the child station power
control unit 32. The set signal SET causes the child station
period measurement unit 33 to start measuring the Sleep
period and the Aware period. The reset signal RSET causes
the child station period measurement unit 33 to stop the
measurement. The Sleep state signal SLM is output in the
Sleep period. The Aware state signal AWM is output in the
Aware period.

In actuality, when the ONU 3 shifts from the normal mode
to the power saving mode, the child station power control unit
32 outputs the set signal SET to the child station period
measurement unit 33, and the child station period measure-
ment unit 33 starts measuring the Sleep period and the Aware
period. The ONU 3 causes the child station power control unit
32 to determine, based on the Sleep state signal SLM and the
Aware state signal AWM from the child station period mea-
surement unit 33, whether the ONU 3 is in the Sleep state or
the Aware state and output the stop/activation signal SPST to
the child station communication unit 31 to instruct stop/acti-
vation of the communication function.

In the above-described Cyclic Sleep method, however, the
ONU 3 in the Sleep state stops the receiving function of the
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child station communication unit 31 and cannot receive the
control frame (Sleep frame or Aware frame) CF from the OLT
2. For this reason, to return the ONU 3 from the power saving
mode to the normal mode, the OLT 2 needs to transmit the
control frame (Aware frame) CF of return instruction when
the ONU 3 is in the Aware state.

To implement this, the OLT 2 needs to measure the Sleep
period and the Aware period and grasp whether the ONU 3 is
in the Sleep state or the Aware state. However, because of the
clock deviation between the OLT 2 and the ONU 3, an error
(At) occurs in the measurement of the Sleep period and the
Aware period in the Sleep state in which clock synchroniza-
tion cannot be established. Note that when the clock deviation
of'the apparatus is 100 ppm, the error (At) is about 1 psecin a
10-msec Sleep period.

Even if small relative to the Sleep period or the Aware
period, the error (At) accumulates in every cycle and increases
to xxAt in X cycles. For this reason, as shown in FIG. 4, after
the cycle has repeated, a case may occur in which the OLT 2
is in the Aware period, whereas the ONU 3 is in the Sleep
period. If the OLT 2 transmits the control frame (Aware
frame) CF at this timing, the ONU 3 cannot receive it. Hence,
the return from the power saving mode to the normal mode is
impossible.

To avoid such a situation, the OLT 2 may continuously
transmit the control frame (Aware frame) CF of return
instruction at an interval much shorter than the Aware period.
However, this method not only lowers the band utilization
efficiency but also increases the load on the OLT 2 and thus
increases the power consumption. Such a measure is neces-
sary because the error (At) between the OLT 2 and the ONU
3 is not taken into consideration when measuring the Sleep
period and the Aware period.

If the error (At) is too large to neglect relative to the Sleep
period or the Aware period, the error (At) occurs between the
OLT 2 and the ONU 3 during the Aware period and the Sleep
period in the first cycle, and the same problem as described
above arises. This is also because the error (At) is not taken
into consideration when measuring the Sleep period and the
Aware period.

RELATED ART LITERATURE
Non-Patent Literature

Non-Patent Literature 1: IEEE Std 802.3-2005: Part 3:
Carrier sense multiple access with Collision Detection
(CSMA/CD) access method and physicallayer specifications

Non-Patent Literature 2: IEEE Std 802, 3av TM-2009: Part
3: Carrier Sense Multiple Access with Collision Detection
(CSMA/CD) access method and physical layer specifications

Non-Patent Literature 3: Ryogo Kubo, Jun-ichi Kani, Yuki-
hiro Fujimoto, Naoto Yoshimoto, and Kiyomi Kumozaki,
“Sleep and adaptive link rate control for power saving in
10G-EPON systems”, Proceedings of the IEEE Global Tele-
communications Conference, GLOBECOM 2009, pp. 1-6,
2009

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

The present invention has been made in consideration of
the problem of the above-described related art, and proposes
a communication system capable of improving the band uti-
lization efficiency and reduce the power consumption of the
parent station by synchronizing the parent station with the
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child station in consideration of the error (At) when measur-
ing the Sleep period and the Aware period and decreasing the
number of times of causing the parent station to transmit the
control frame of return instruction, a child station apparatus
of'the communication system, a communication method, and
a program.

Means of Solution to the Problem

In order to achieve the above-described object, according
to the present invention, there is provided a communication
system including a parent station and one or a plurality of
child stations, the parent station comprising a parent station
communication unit that has a reference time and communi-
cates with the plurality of child stations, one or a plurality of
parent station power control units each of which determines
whether the child station should be in a power saving mode in
which an apparatus is periodically partially or wholly stopped
or in a normal mode in which the apparatus is operated with-
out being partially or wholly stopped, and instructs the child
station to change a mode, and one or a plurality of parent
station period measurement units each of which measures a
stop period in which the apparatus of the child station is
partially or wholly stopped and a non-stop period in which the
apparatus of the child station is not stopped in the power
saving mode, and the child station comprising a child station
communication unit that performs communication while syn-
chronizing the reference time of the parent station with a local
time of'the child station, a child station power control unit that
changes the mode between the power saving mode and the
normal mode of the child station in accordance with the mode
change instruction from the parent station, and a child station
period measurement unit that measures the stop period and
the non-stop period of the child station, wherein the child
station period measurement unit performs correction for one
or both of the stop period and the non-stop period in the power
saving mode using an error obtained by calculating a differ-
ence that is generated during the power saving mode between
the reference time of the parent station and the local time of
the child station.

According to the present invention, there is also provided a
communication method including a parent station and one or
a plurality of child stations that communicate with the parent
station, comprising a reference time notification step of caus-
ing a parent station communication unit of the parent station,
which has a reference time, to communicate with the plurality
of child stations, thereby transmitting the reference time of
the parent station to the child stations, a time synchronization
step of causing a child station communication unit of each of
the child stations to receive the reference time of the parent
station and synchronize the reference time of the parent sta-
tion with a local time of the child station, a mode change
instruction step of causing one or a plurality of parent station
power control units of the parent station to determine whether
the child station should be in a power saving mode in which an
apparatus is periodically partially or wholly stopped or in a
normal mode in which the apparatus is operate without being
partially or wholly stopped, and instruct the child station to
change a mode, a mode change processing step of causing a
child station power control unit of the child station to change
the mode between the power saving mode and the normal
mode of the child station in accordance with the mode change
instruction from the parent station, a parent station period
measurement step of causing one or a plurality of parent
station period measurement units of the parent station to
measure a stop period in which the apparatus of the child
station is partially or wholly stopped in the power saving
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mode and a non-stop period in which the apparatus of the
child station is not stopped, and a child station period mea-
surement step of causing a child station period measurement
unit of the child station to measure the stop period and the
non-stop period of the child station, wherein in child station
period measurement step, correction for one or both of the
stop period and the non-stop period in the power saving mode
is performed using an error obtained by calculating a differ-
ence that is generated during the power saving mode between
the reference time of the parent station and the local time of
the child station.

According to the present invention, there is also provided a
communication system including a parent station and one or
a plurality of child stations, the parent station comprising a
parent station communication unit that has a reference time
and communicates with the plurality of child stations, one or
aplurality of parent station power control units each of which
determines whether the child station should be in a power
saving mode in which an apparatus is periodically partially or
wholly stopped or in a normal mode in which the apparatus is
operated without being partially or wholly stopped, and
instructs the child station to change a mode, and one or a
plurality of parent station period measurement units each of
which measures a stop period in which the apparatus of the
child station is partially or wholly stopped and a non-stop
period in which the apparatus of the child station is not
stopped in the power saving mode, and the child station
comprising a child station communication unit that performs
communication while synchronizing the reference time of the
parent station with a local time of the child station, a child
station power control unit that changes the mode between the
power saving mode and the normal mode of the child station
in accordance with the mode change instruction from the
parent station, and a child station period measurement unit
that measures the stop period and the non-stop period of the
child station, wherein the child station period measurement
unit obtains an error by calculating a difference that is gen-
erated during the power saving mode between the reference
time of the parent station and the local time of the child
station, and the child station communication unit transmits
the error to the parent station, and the parent station period
measurement unit performs the correction for one or both of
the stop period and the non-stop period in the power saving
mode using the error received from the child station by the
parent station communication unit.

According to the present invention, there is also provided a
communication method including a parent station and one or
aplurality of child stations that communicate with the parent
station, comprising a reference time notification step of caus-
ing a parent station communication unit of the parent station,
which has areference time, to communicate with the plurality
of child stations, thereby transmitting the reference time of
the parent station to the child stations, a time synchronization
step of causing a child station communication unit of each of
the child stations to receive the reference time of the parent
station and synchronize the reference time of the parent sta-
tion with a local time of the child station, a mode change
instruction step of causing one or a plurality of parent station
power control units of the parent station to determine whether
the child station should be in a power saving mode in which an
apparatus is periodically partially or wholly stopped or in a
normal mode in which the apparatus is operate without being
partially or wholly stopped, and instruct the child station to
change a mode, a mode change processing step of causing a
child station power control unit of the child station to change
the mode between the power saving mode and the normal
mode of the child station in accordance with the mode change
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instruction from the parent station, a parent station period
measurement step of causing one or a plurality of parent
station period measurement units of the parent station to
measure a stop period in which the apparatus of the child
station is partially or wholly stopped in the power saving
mode and a non-stop period in which the apparatus of the
child station is not stopped, and a child station period mea-
surement step of causing a child station period measurement
unit of the child station to measure the stop period and the
non-stop period of the child station, wherein in child station
period measurement step, an error is obtained by calculating
a difference that is generated during the power saving mode
between the reference time of the parent station and the local
time of the child station, and the child station communication
unit transmits the error to the parent station, and in the parent
station period measurement step, the correction for one or
both of the stop period and the non-stop period is performed
in the power saving mode using the error received from the
child station by the parent station communication unit.

According to the present invention, there is also provided a
child station of a communication system, comprising a child
station communication unit that performs communication
while synchronizing a reference time of a parent station of the
communication system with a local time of the child station
itself, a child station power control unit that changes a mode
between a power saving mode in which an apparatus is peri-
odically partially or wholly stopped and a normal mode in
which the apparatus is operated without being partially or
wholly stopped in accordance with a mode change instruction
from the parent station, and a child station period measure-
ment unit that measures the stop period in which the apparatus
of the child station is partially or wholly stopped and the
non-stop period in which the apparatus of the child station is
not stopped in the power saving mode, wherein the child
station period measurement unit performs correction for one
or both of the stop period and the non-stop period in the power
saving mode using an error obtained by calculating a differ-
ence that is generated during the power saving mode between
the reference time of the parent station and the local time of
the child station.

According to the present invention, there is also provided a
communication method comprising a communication step of
causing a child station communication unit of a child station
to perform communication while synchronizing a reference
time of a parent station including in a communication system
with a local time of the child station including in the commu-
nication system and connected to the parent station, a mode
change step of causing a child station power control unit of
the child station to change a mode of the child station between
a power saving mode and a normal mode of the child station
in accordance with a mode change instruction from the parent
station, and a measurement step of causing a child station
period measurement unit of the child station to measure a stop
period in which an apparatus of the child station is partially or
wholly stopped and the non-stop period in which the appara-
tus of the child station is not stopped in the power saving
mode, wherein in the measurement step, correction for one or
both of the stop period and the non-stop period is performed
in the power saving mode using an error obtained by calcu-
lating a difference that is generated during the power saving
mode between the reference time of the parent station and the
local time of the child station.

EFFECT OF THE INVENTION

According to the present invention, using the error that
occurs between the reference time of the parent station and
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the local time of the child station during the power saving
mode, correction is performed for one or both of the stop
period and the non-stop period in the power saving mode.
This makes it possible to synchronize the parent station with
the child station and reliably transfer a control frame from the
parent station to the child station. It is therefore possible to
decrease the number of times of causing the parent station to
transmit the control frame of return instruction and also
improve the band utilization efficiency and thus reduce the
power consumption of the parent station.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing the overall arrangement
of'a PON system;

FIG. 2 is a view for explaining the communication process
of'a conventional PON system;

FIG. 3 isablock diagram showing the circuit arrangements
of an OLT and an ONU;

FIG. 4 is aview for explaining a case in which a return from
a power saving mode to a normal mode is impossible in the
communication process of the conventional PON system;

FIG. 5 is a view for explaining a case in which correction is
performed in consideration of an error when returning from
the power saving mode to the normal mode in a communica-
tion process according to the first embodiment;

FIG. 6 is a block diagram showing the circuit arrangements
of an OLT and an ONU corresponding to the first embodi-
ment;

FIG. 71is atiming chart showing examples of the operations
of an OLT and an ONU corresponding to the first embodi-
ment;

FIG. 8 is a state transition diagram for explaining the pro-
cessing procedure of a parent station power control unit
according to the first embodiment;

FIG. 9 is a block diagram showing the arrangement of a
parent station period measurement unit according to the first
embodiment;

FIG. 10 is a state transition diagram for explaining the
processing procedure of a child station power control unit
according to the first embodiment;

FIG. 11 is a block diagram showing the arrangement of a
child station period measurement unit according to the first
embodiment;

FIG. 12 is a view for explaining a case in which correction
is performed in consideration of an error when returning from
the power saving mode to the normal mode in a communica-
tion process according to the second embodiment;

FIG. 13 is a block diagram showing the circuit arrange-
ments of an OLT and an ONU corresponding to the second
embodiment;

FIG. 14 is a block diagram showing the arrangement of a
child station period measurement unit according to the sec-
ond embodiment;

FIG. 15 is a view for explaining a case in which correction
is performed in consideration of an error when returning from
the power saving mode to the normal mode in a communica-
tion process according to the third embodiment;

FIG. 16 is a block diagram showing the circuit arrange-
ments of an OLT and an ONU corresponding to the third
embodiment;

FIG. 17 is a block diagram showing the arrangement of a
child station period measurement unit according to the third
embodiment;
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FIG. 18 is a view for explaining a case in which a return
from the power saving mode to the normal mode is impos-
sible in a communication process according to the fourth
embodiment;

FIG. 19 is a view for explaining a case in which correction
is performed in consideration of an error when returning from
the power saving mode to the normal mode in the communi-
cation process according to the fourth embodiment;

FIG. 20 is a block diagram showing the circuit arrange-
ments of an OLT and an ONU corresponding to the fourth
embodiment;

FIG. 21 is a block diagram showing the arrangement of a
child station period measurement unit according to the fourth
embodiment;

FIG. 22 is a view for explaining a case in which correction
is performed in consideration of an error when returning from
the power saving mode to the normal mode in a communica-
tion process according to the fifth embodiment;

FIG. 23 is a block diagram showing the circuit arrange-
ments of an OLT and an ONU corresponding to the fifth
embodiment;

FIG. 24 is a view for explaining a case in which correction
is performed on an OLT side when returning from the power
saving mode to the normal mode in a communication process
according to the sixth embodiment; and

FIG. 25 is a block diagram showing the circuit arrange-
ments of an OLT and an ONU corresponding to the sixth
embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

(1) First Embodiment

In the first embodiment, a case in which, for example, one
OLT and one ONU are provided will be described.

As shown in FIG. 5 in which the same reference numerals
as in FIG. 2 denote the corresponding parts, according to the
communication process of a PON system 1 of the first
embodiment, a time error (At) that occurs during the Sleep
period of an ONU 3 between the local time of the ONU 3 and
the reference time of an OLT 2 is detected in the Aware period
of'the ONU 3 in which control frame transmission/reception
is possible between the OLT 2 and the ONU 3, and time
synchronization with the OLT 2 can be established.

In the communication process according to the first
embodiment, the Sleep period of the ONU 3 in the next cycle
after the establishment of time synchronization with the OLT
2 is set to “T_sleep-At”, thereby correcting the error (At).

Note that although FIG. 5 shows a case in which the error
(At) is positive, the error (At) may be negative. The error (At)
is sufficiently small relative to the Sleep period or the Aware
period. The first embodiment solves the problem of the error
(At) that accumulates and attains a large value along with the
elapse of time.

(1-1) Circuit Arrangements of OLT And ONU of First
Embodiment

As shown in FIG. 6 in which the same reference numerals
as in FIG. 3 denote the corresponding parts, the OLT 2 imple-
ments a predetermined protocol like the one described above
in a parent station communication unit 21. The OLT 2 main-
tains connection to the ONU 3 while periodically transmitting
a control frame CF from the parent station communication
unit 21 to the ONU 3 via a PON section 7 to notify it of the
reference time, and transmits a user frame UF input from an
external network 6 to the ONU 3 via the parent station com-
munication unit 21 and the PON section 7. The OLT 2 also
transmits the user frame UF, which is input from a home
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network 8 to the ONU 3 and transmitted from the ONU 3 via
the PON section 7, to the external network 6 via the parent
station communication unit 21.

A parent station power control unit 22 of the OLT 2 corre-
sponds to the ONU 3 connected to the OLT 2, and controls
whether the ONU 3 should be in the power saving mode or the
normal mode. In the OLT 2, the parent station power control
unit 22 receives traffic Q1 of the corresponding ONU 3 from
the parent station communication unit 21. The parent station
power control unit 22 decides, based on the traffic Q1,
whether to set the ONU 3 in the power saving mode. The
parent station power control unit 22 of'the OLT 2 instructs the
parent station communication unit 21 to transmit the control
frame CF by a control signal C1. The parent station commu-
nication unit 21 generates the control frame CF such as a
Sleep frame or Aware frame in accordance with the transmis-
sion instruction and transmits the control frame CF to the
ONU 3.

In addition to this arrangement, the OLT 2 is newly pro-
vided with a parent station period measurement unit 23 con-
nected to the parent station power control unit 22. The parent
station period measurement unit 23 measures the Sleep
period and the Aware period of the ONU 3, like a child station
period measurement unit 33 of the ONU 3. The parent station
period measurement unit 23 outputs a Sleep state signal SLM
to the parent station power control unit 22 when the ONU 3 is
in the Sleep period, and outputs an Aware state signal AWM to
the parent station power control unit 22 when the ONU 3 is in
the Aware period.

The parent station power control unit 22 of the OLT 2
determines the state of the ONU 3 based on the Sleep state
signal SLM or the Aware state signal AWM supplied from the
parent station period measurement unit 23. When the ONU 3
is in the Aware period, the parent station power control unit 22
instructs the parent station communication unit 21 to output,
to the ONU 3, the control frame (Aware frame) CF to instruct
a return to the normal mode.

On the other hand, the ONU 3 includes a child station
communication unit 31, a child station power control unit 32,
and the child station period measurement unit 33. The ONU 3
implements a predetermined communication protocol in the
child station communication unit 31, like the OLT 2. The
ONU 3 maintains connection to the OLT 2 while establishing
time synchronization with the OLT 2 based on a reference
time transmitted from the OLT 2. The ONU 3 transmits the
user frame UF, which is input from the home network 8, from
the child station communication unit 31 to the OLT 2. In
addition, the ONU 3 transmits the user frame UF, which is
input from the OLT 2 via the PON section 7, from the child
station communication unit 31 to the home network 8. When
the ONU 3 shifts to the Sleep state or the Aware state, the child
station communication unit 31 of the ONU 3 controls stop or
activation of the communication function by a stop/activation
signal SPST input from the child station power control unit
32.

The child station power control unit 32 of the ONU 3
transmits/receives the control frame CF to/from the OLT 2 via
the child station communication unit 31, and manages
whether the ONU 3 should be in the power saving mode or the
normal mode. More specifically, upon receiving the control
frame (Sleep frame) CF from the OLT 2, the child station
communication unit 31 of the ONU 3 notifies the child station
power control unit 32 of the contents of the control frame
(Sleep frame) CF by a control signal C2. As a result, the child
station power control unit 32 of the ONU 3 shifts from the
normal mode to the power saving mode based on the control
signal C2 and repeats the Sleep state and the Aware state in a
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predetermined period. The child station period measurement
unit 33 measures the Sleep period and the Aware period.

In the ONU the child station power control unit 32 outputs
a set signal SET and a reset signal RSET to the child station
period measurement unit 33, and the child station period
measurement unit 33 outputs the Sleep state signal SLM and
the Aware state signal AWM to the child station power control
unit 32. The set signal SET causes the child station period
measurement unit 33 to start measuring the Sleep period and
the Aware period. The reset signal RSET causes the child
station period measurement unit 33 to stop the measurement.
The Sleep state signal SLM is output in the Sleep period. The
Aware state signal AWM is output in the Aware period.

In actuality, when the ONU 3 shifts from the normal mode
to the power saving mode, the child station power control unit
32 outputs the set signal SET to the child station period
measurement unit 33, and the child station period measure-
ment unit 33 starts measuring the Sleep period and the Aware
period. The ONU 3 causes the child station power control unit
32 to determine, based on the Sleep state signal SLM and the
Aware state signal AWM from the child station period mea-
surement unit 33, whether the ONU 3 is in the Sleep state or
the Aware state and output the stop/activation signal SPST to
the child station communication unit 31 to instruct stop/acti-
vation of the communication function.

In addition to this arrangement, the ONU 3 outputs a local
time RT and a synchronization completion signal SYE from
the child station communication unit 31 to the child station
period measurement unit 33. The local time RT during the
Sleep period is uniquely generated in accordance with the
internal clock of the ONU 3. A slight clock deviation occurs
between the local time RT and the reference time from the
OLT 2. The synchronization completion signal SYE is output
from the child station communication unit 31 to the child
station period measurement unit 33 when the ONU 3 shifts
from the Sleep state to the Aware state, and time synchroni-
zation between the local time RT and the reference time from
the OLT 2 is completed.

The child station period measurement unit 33 of the ONU
3 detects the error (At) that occurs between the local time RT
and the reference time from the OLT 2 during the Sleep period
in the preceding cycle. The child station period measurement
unit 33 corrects the Sleep period to be measured in the next
cycle from preset “T_sleep” to “T_sleep-At”, and then mea-
sures the Sleep period in the next cycle.

In actuality, the ONU 3 first causes the child station com-
munication unit 31 to always output the local time RT to the
child station period measurement unit 33. When the ONU 3 is
in the Aware period, the local time RT maintains synchroni-
zation with the OLT 2 by reception of the control frame CF
from the OLT 2. However, during the Sleep period of the
ONU 3, the error (At) occurs between the local time RT of the
ONU 3 and the reference time of the OLT 2.

When the ONU 3 shifts from the Sleep period to the Aware
period, the local time RT of the ONU 3 and the reference time
of'the OLT 2 are synchronized by the control frame CF sent
from the OLT 2. At this time, the local time of the ONU 3
delayed so far advances by the error (At).

At this time, the child station communication unit 31 of the
ONU 3 outputs the synchronization completion signal SYE to
the child station period measurement unit 33 together with the
local time RT synchronized with the OLT 2. The child station
period measurement unit 33 of the ONU 3 calculates the
difference between the local time (synchronized with the
reference time of the OLT 2) RT when the synchronization
completion signal SYE was input and the immediately pre-
ceding local time RT, thereby obtaining the error (At). Finally,

5

10

20

25

30

35

40

45

50

55

60

12

the child station period measurement unit 33 of the ONU 3
changes the preset Sleep period “T_sleep” to “T_sleep-At”
based on the error (At) obtained a little while ago, thereby
completing correction of the error (At).

(1-2) Examples of Operations of OLT and ONU of First
Embodiment

As shown in FIG. 7, when the ONU 3 shifts from the
normal mode to the power saving mode, the parent station
power control unit 22 of the OLT 2 inputs the set signal SET
to the parent station period measurement unit 23. The OLT 2
sets the power saving mode while switching the Sleep state
and the Aware state at a predetermined cycle, and starts mea-
suring the Sleep period and the Aware period. To the contrary,
when the ONU 3 returns from the power saving mode to the
normal mode, the parent station power control unit 22 of the
OLT 2 inputs the reset signal RSET to the parent station
period measurement unit 23.

On the other hand, the ONU 3 operates in the same way as
the OLT 2 until shifting to the power saving mode by the set
signal SET. However, the error (At) between the reference
time of the OLT 2 and the local time RT of the ONU 3 occurs
during the Sleep period. When the ONU 3 shifts from the
Sleep period to the Aware period, and time synchronization
between the OLT 2 and the ONU 3 is completed, the child
station communication unit 31 outputs the synchronization
completion signal SYE to the child station period measure-
ment unit 33.

The child station period measurement unit 33 of the ONU
3 calculates the difference between the local time (synchro-
nized with the reference time of the OLT 2) RT when the
synchronization completion signal SYE was input and the
immediately preceding local time (not synchronized with the
reference time of the OLT 2) RT based on the synchronization
completion signal SYE, thereby detecting the error (At). The
child station period measurement unit 33 changes the next
Sleep period to “T_sleep-At”, thereby applying correction
corresponding to the error (At). For this reason, the next Sleep
period of the ONU 3 becomes shorter than the Sleep period of
the OLT 2 by the error (At). This can prevent the error (At)
from accumulating every time the cycle repeats subsequently.

(1-3) Processing Procedure of Parent Station Power Con-
trol Unit of OLT

As shown in FIG. 8, the parent station power control unit 22
of the OLT 2 is configured to perform processing by three
states, a normal mode (S0), and a Sleep state (S1) and Aware
state (S2) of the power saving mode.

In this case, the parent station power control unit 22 of the
OLT 2 starts from the normal mode (S0).

In the normal mode (S0), upon deciding to shift a certain
ONU 3 to the power saving mode based on the traffic or the
like, the parent station power control unit 22 outputs the
control signal C1 of Sleep frame transmission instruction to
the parent station communication unit 21 to transmit a Sleep
frame to the ONU 3. Upon receiving, from the parent station
communication unit 21, the control signal C1 of Sleep_Ack
frame reception notification representing that a Sleep_Ack
frame has been received from the ONU 3, the parent station
power control unit 22 outputs the set signal SET to the parent
station period measurement unit 23 to make the OLT 2 transit
to the Sleep state (S1). Next, upon receiving the Aware state
signal AWM from the parent station period measurement unit
23, the parent station power control unit 22 makes the OLT 2
transit to the Aware state (S2).

When returning the ONU 3 from the power saving mode to
the normal mode, in the Aware state (S2), the parent station
power control unit 22 of the OLT 2 outputs the control signal
C1 of Aware frame transmission instruction to the parent



US 9,271,233 B2

13

station communication unit 21 to transmit an Aware frame to
the ONU 3. Upon receiving, from the parent station commu-
nication unit 21, the control signal C1 of Aware_Ack frame
reception notification representing that an Aware_Ack frame
has been received from the ONU 3, the parent station power
control unit 22 transmits the reset signal RSET to the parent
station period measurement unit 23 to make the OLT 2 transit
from the Aware state (S2) of the power saving mode to the
normal mode (S0).

Note that when the parent station power control unit 22 of
the OLT 2 receives the Sleep state signal SLM from the parent
station period measurement unit 23 in the Aware state (S2),
the OLT 2 transmits from the Aware state (S2) to the Sleep
state (S1). At this time, if transition to the normal mode (S0)
and that to the Sleep state (S1) have simultaneously occurred
in the Aware state (S2), the parent station power control unit
22 gives higher priority to transition to the normal mode (S0).

“Give higher priority” means that, for example, when tran-
sition to the normal mode (S0) and that to the Sleep state (S1)
have simultaneously occurred, for example, the OLT 2 trans-
mits the Aware frame to the ONU 3, waits for arrival of the
Aware_Ack frame from the ONU 3 for a predetermined time,
if the Aware_Ack frame has arrived, transits to the normal
mode (S0), and if not, transits to the Sleep state (S1).

(1-4) Circuit Arrangement of Parent Station Period Mea-
surement Unit of OLT

FIG. 9 shows the arrangement of the parent station period
measurement unit 23 of the OLT 2. The parent station period
measurement unit 23 includes a parent station period mea-
surement control unit 23A, a T_sleep storage unit 23B, a
parent station Sleep counter 23C, a T_aware storage unit 23D,
and a parent station Aware counter 23E.

The T_sleep storage unit 23B of the parent station period
measurement unit 23 stores the value “T_sleep” and outputs
the value to the parent station Sleep counter 23C. Similarly,
the T_aware storage unit 23D stores the value “T_aware” and
outputs the value to the parent station Aware counter 23E.

The parent station Sleep counter 23C and the parent station
Aware counter 23E measure the Sleep period and the Aware
period, respectively. When the parent station Sleep counter
23C s counting, the period is the Sleep period, and the parent
station Sleep counter 23C outputs the Sleep state signal SLM.
When the parent station Aware counter 23E is counting, the
period is the Aware period, and the parent station Aware
counter 23E outputs the Aware state signal AWM.

The parent station Sleep counter 23C and the parent station
Aware counter 23E are controlled by an ON/OFF signal ONF
from the parent station period measurement control unit 23A.
When the ON/OFF signal ONF is enabled, each of the parent
station Sleep counter 23C and the parent station Aware
counter 23E loads the input value and starts counting. On the
other hand, when the ON/OFF signal ONF is disabled, each of
the parent station Sleep counter 23C and the parent station
Aware counter 23E is reset.

The parent station period measurement control unit 23A
controls the ON/OFF signal ONF to be output to each of the
parent station Sleep counter 23C and the parent station Aware
counter 23E by the set signal SET and the reset signal RSET
input from the parent station power control unit 22 (FIG. 6),
the Sleep state signal SLM from the parent station Sleep
counter 23C, and the Aware state signal AWM from the parent
station Aware counter 23E.

Upon receiving the set signal SET indicating the start of the
power saving mode from the parent station power control unit
22 (FIG. 6), the parent station period measurement control
unit 23A enables the ON/OFF signal ONF to the parent sta-
tion Sleep counter 23C, and starts measuring the Sleep
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period. When the Sleep period has ended, and the parent
station Sleep counter 23C has stopped outputting the Sleep
state signal SLM, the parent station period measurement con-
trol unit 23 A disables the ON/OFF signal ONF to the parent
station Sleep counter 23C. Then, the parent station period
measurement control unit 23 A enables the ON/OFF signal
ONF to be output to the parent station Aware counter 23E, and
starts measuring the Aware period. The parent station period
measurement control unit 23A repeats this operation until
receiving the reset signal RSET from the parent station power
control unit 22 (FIG. 6). Upon receiving the reset signal
RSET, the parent station period measurement control unit
23A disables the ON/OFF signal ONF to the parent station
Sleep counter 23C and the parent station Aware counter 23E,
and ends the measurement of the Sleep period and the Aware
period.

(1-5) Processing Procedure of Child Station Power Control
Unit of ONU

As shown in FIG. 10, the child station power control unit 32
of the ONU 3 is configured to perform processing by three
states, a normal mode (S3), and a Sleep state (S4) and Aware
state (S5) of the power saving mode.

Inthis case, this processing procedure is different from that
of'the parent station power control unit 22 of'the OLT 2 in that
when transiting from the normal mode (S3) to the Sleep state
(S4) of the power saving mode, the child station power con-
trol unit 32 receives the Sleep frame from the OLT 2 and then
transmits the Sleep_Ack frame to the OLT 2.

Additionally, when transiting from the Aware state (S5) of
the power saving mode to the normal mode (S3), the child
station power control unit 32 receives the Aware frame from
the OLT 2 and then transmits the Aware_Ack frame to the
OLT 2.

More specifically, when notified by the child station com-
munication unit 31 of reception of the Sleep frame from the
OLT 2, the child station power control unit 32 of the ONU 3
instructs the child station communication unit 31 by the con-
trol signal C2 to transmit the Sleep_Ack frame representing
that the Sleep frame has been received. The child station
power control unit 32 of the ONU 3 then outputs the set signal
SET to the child station period measurement unit 33 and
makes the ONU 3 transit from the normal mode (S3) to the
Sleep state (S4).

When notified by the child station communication unit 31
of reception of the Aware frame from the OLT 2, the child
station power control unit 32 of the ONU 3 instructs the child
station communication unit 31 by the control signal C2 to
transmit the Aware_Ack frame representing that the Aware
frame has been received. The child station power control unit
32 of the ONU 3 then transmits the reset signal RSET to the
child station period measurement unit 33 and makes the ONU
3 transit from the Aware state (S5) of the power saving mode
to the normal mode (S3). Note that the rest of the processing
of'the child station power control unit 32 of the ONU 3 is the
same as that of the parent station power control unit 22 of the
OLT 2, and a description thereof will be omitted for the sake
of convenience.

(1-6) Circuit Arrangement of Child Station Period Mea-
surement Unit of ONU

FIG. 11 shows the arrangement of the child station period
measurement unit 33 of the ONU 3. The child station period
measurement unit 33 includes a child station period measure-
ment control unit 33A, a T_sleep storage unit 33B, a child
station Sleep counter 33C, a T_aware storage unit 33D, a
child station Aware counter 33E, and a child station error
detection unit 33F. The child station period measurement unit
33 of the ONU 3 is different from the parent station period
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measurement unit 23 of the OLT 2 in that the child station
error detection unit 33F is newly provided.

The child station error detection unit 33F calculates the
error (At) between the OLT 2 and the ONU 3 based on the
difference between the local time (synchronized with the
reference time of the OLT 2) RT when the synchronization
completion signal SYE was input from the child station com-
munication unit 31 (FIG. 6) and the immediately preceding
local time (not synchronized with the reference time of the
OLT 2) RT, and outputs the error (At) to the child station Sleep
counter 33C. When ON/OFF signal ONF is enabled, the child
station Sleep counter 33C subtracts the error (At) input from
the child station error detection unit 33F from the value
“T_sleep” input from the T_sleep storage unit 33B, and loads
the resultant value as a count. The rest of the arrangement and
processing is the same as that of the parent station period
measurement unit 23, and a description thereof will be omit-
ted for the sake of convenience.

(1-7) Functions and Effects of First Embodiment

With the above-described arrangement, the PON system 1
according to the first embodiment detects, in the Aware period
of'the ONU 3 in which transmission/reception of the control
frame CF is enabled between the OLT 2 and the ONU 3, the
time error (At) that occurs with respect to the OLT 2 during the
Sleep period of the ONU 3.

In the PON system 1, the Sleep period of the next cycle in
the ONU 3 after the embodiment of time synchronization
with the OLT 2 is set to “T_sleep-At”, thereby correcting the
error (At) between the reference clock of the OLT 2 and the
local time RT of the ONU 3.

In the ONU 3, the next Sleep period becomes shorter than
the Sleep period of the OLT 2 by the error (At). Even when the
cycle repeats subsequently, the error (At) between the refer-
ence clock of the OLT 2 and the local time RT of the ONU 3
can be prevented from accumulating along with the elapse of
time because the error (At) has already been corrected. The
PON system 1 can thus decrease the number of times of
causing the OLT 2 to transmit the control frame of return
instruction, as compared to the conventional method that does
not correct the error (At). It is therefore possible to reduce the
load on the OLT 2 and thus prevent an increase in the power
consumption without lowering the band utilization efficiency.

According to the above-described arrangement, the PON
system 1 detects, in the first Aware period of the ONU 3, the
time error (At) that occurs with respect to the OLT 2 during the
Sleep period of the ONU 3. The Sleep period of the next cycle
is set to “T_sleep-At” in consideration of the error (At),
thereby correcting the error (At) between the reference clock
of the OLT 2 and the local time RT of the ONU 3 and
immediately establishing time synchronization. This makes it
possible to reliably return the ONU 3 from the power saving
mode to the normal mode without increasing the load on the
OLT 2.

(1-8) Other Embodiments Corresponding to First Embodi-
ment

Note that in the above-described first embodiment, a case
has been explained in which the Sleep period of the ONU 3 is
set to “T_sleep-At”, thereby correcting the error (At). How-
ever, the present invention is not limited to this and need only
correct the error (At) in one cycle of “T_sleep” and
“T_aware”. Hence, for example, “T_aware-At” may be set, or
“T_sleep-At/2” and “T_aware-At/2” may be set.

In the above-described first embodiment, a case has been
explained in which one ONU 3 is connected to the OLT 2.
However, the present invention is not limited to this, and n
(1=n=m) ONUs can be controlled by preparing the parent
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station power control units 22 and the parent station period
measurement units 23 of the OLT 2 as many as the ONUs 3 to
be connected.

In the above-described first embodiment, a case has been
explained in which the values of “T_sleep” and “T_aware” in
the power saving mode are preset, and the T_sleep storage
unit33B and the T_aware storage unit 33D of the child station
period measurement unit 33 store the values. However, the
present invention is not limited to this, and the values of
“T_sleep” and “T_aware” may be determined before the shift
to the Sleep period in each cycle.

For example, in the Aware period of each cycle, the OLT 2
may notify the ONU 3 of the values of “T_sleep” and
“T_aware” in the next cycle by the control frame CF, and the
ONU 3 may shift to the Sleep period after setting the values.
In this case, the child station period measurement unit 33 need
not always include the T_sleep storage unit 33B and the
T_aware storage unit 33D.

(2) Second Embodiment

In the second embodiment as well, a case in which, for
example, one OLT and one ONU are provided will be
described.

In the first embodiment, the ONU 3 defects the time error
(At) with respect to the OLT 2 and applies correction of the
error (At) to the preset counts of the Sleep period and the
Aware period.

In the communication process of a PON system 1 accord-
ing to the second embodiment, however, an OLT 2 notifies an
ONU 3 of the end times of the Sleep period and the Aware
period (to be referred to as a Sleep period end time and an
Aware period end time, respectively, hereinafter) by a control
frame CF. When a local time RT of the ONU 3 has passed the
Sleep period end time and the Aware period end time notified
by the OLT 2, the ONU 3 ends the Sleep period and the Aware
period. Note that in the second embodiment, the OLT 2 noti-
fies the ONU 3 of the Sleep period end time and the Aware
period end time of the (y+1)th cycle by the control frame (to
be referred to as an end time notification frame hereinafter)
CF in the Aware period of the yth cycle.

As shown in FIG. 12 in which the same reference numerals
as in FIG. 5 denote the corresponding parts, the communica-
tion process until the OLT 2 transmits the Sleep frame to the
ONU 3 is the same as the communication process (FIG. 5) of
the firstembodiment. The OLT 2 further notifies the ONU 3 of
the Sleep period end time and the Aware period end time of
the first cycle by the end time notification frames at times of
steps ST5 and STé6.

Upon receiving the control frames (Sleep frame and end
time notification frame) CF, the ONU 3 transmits a
Sleep_Ack frame to the OLT 2 and shifts to the Sleep period
after setting the Sleep period end time and the Aware period
end time. When the local time RT has passed the Sleep period
end time, the ONU 3 shifts to the Aware period. The reference
time of the OLT 2 and the local time RT of the ONU 3 move
on in different ways due to the clock deviation during the
Sleep period. For this reason, the shift to the Aware period
delays by an error (At) from the reference time of the OLT 2.

That is, the local time of the ONU 3 delays from the
reference time of the OLT 2 by the error (At). In the Aware
period, however, the ONU 3 can receive the control frame CF
for time synchronization from the OLT 2 and thus establish
synchronization with the reference time of the OLT 2. That is,
at this time, the local time RT of the ONU 3 advances by the
error (At).

The Aware period of the ONU 3 thus becomes shorter than
the Aware period of the OLT 2 by the error (At) (T_aware-At).
In the communication process of the second embodiment, this
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procedure is repeated in every cycle. In this communication
process, when time synchronization is established between
the OLT 2 and the ONU 3, correction of the error (At) is
automatically applied to the local time RT of'the ONU 3. For
this reason, the same effects as in the first embodiment can
effectively be obtained. Note that in the communication pro-
cess of the second embodiment as well, the return method
from the power saving mode to the normal mode is the same
as in the communication process (FI1G. 5) of the first embodi-
ment, and a description thereof will be omitted for the sake of
convenience.

Note that although FIG. 12 shows a case in which the error
(At) is positive, the error (At) may be negative. The error (At)
is sufficiently small relative to the Sleep period or the Aware
period. Even the second embodiment solves the problem of
the error (At) that accumulates and attains a large value along
with the elapse of time.

(2-1) Circuit Arrangements of OLT And ONU of Second
Embodiment

As shown in FIG. 13 in which the same reference numerals
as in FIG. 6 denote the corresponding parts, the OLT 2 has the
same arrangement as in the first embodiment except that a
parent station power control unit 22 notifies the ONU 3 of the
Sleep period end time and the Aware period end time by the
control frame (end time notification frame) CF. Note that the
rest of the arrangement of the OLT 2 is the same as in the first
embodiment, and a description thereof will be omitted for the
sake of convenience.

Even the ONU 3 has the same arrangement as in the first
embodiment except that a child station communication unit
31 outputs the Sleep period end time and the Aware period end
time to a child station period measurement unit 43. Note that
the rest of the arrangement of the ONU 3 is the same as in the
first embodiment, and a description thereof will be omitted
for the sake of convenience.

In the ONU 3 having the above-described arrangement, the
child station period measurement unit 43 compares the local
time RT of the ONU 3 with the Sleep period end time and the
Aware period end time supplied from the child station com-
munication unit 31, and judges the ends of the Sleep period
and the Aware period.

(2-2) Circuit Arrangement of Child Station Period Mea-
surement Unit of ONU

FIG. 14 shows the arrangement of the child station period
measurement unit 43 of the ONU 3. The child station period
measurement unit 43 of the ONU 3 according to the second
embodiment includes a child station period measurement
control unit 43A, a Sleep period end time storage unit 43B, a
Sleep comparison unit 43C, an Aware period end time storage
unit 43D, and an Aware comparison unit 43E.

The child station period measurement unit 43 stores a
Sleep period end time SLET input from the child station
communication unit 31 (FIG. 13) in the Sleep period end time
storage unit 43B and also stores an Aware period end time
AWET in the Aware period end time storage unit 43D.

The child station period measurement unit 43 causes the
Sleep comparison unit 43C to compare the local time RT of
the ONU 3 with the Sleep period end time SLET and output
a Sleep period end signal SLES to the child station period
measurement control unit 43A when the local time RT has
passed the Sleep period end time SLET. Similarly, the child
station period measurement unit 43 causes the Aware com-
parison unit 43E to compare the local time RT of the ONU 3
with the Aware period end time AWET and output an Aware
period end signal AWES to the child station period measure-
ment control unit 43A when the local time RT has passed the
Aware period end time AWET.
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The child station period measurement control unit 43A
outputs, to the child station power control unit 32, a Sleep
state signal SL.M representing that the ONU 3 is in the Sleep
state and an Aware state signal AWM representing that the
ONU 3 is in the Aware state in accordance with a set signal
SET and a reset signal RSET input from the child station
power control unit 32 (FIG. 13), and the Sleep period end
signal SLES and the Aware period end signal AWES input
from the Sleep comparison unit 43C and the Aware compari-
son unit 43E.

(2-3) Functions and Effects of Second Embodiment

With the above-described arrangement, to eliminate the
time error (At) that occurs with respect to the OLT 2 during the
Sleep period of the ONU 3, the PON system 1 according to the
second embodiment receives the control frame CF for time
synchronization from the OLT 2 in the next Aware period in
which transmission/reception of the control frame CF is
enabled between the OLT 2 and the ONU 3, and synchronizes
the reference time of the OLT 2 with the local time RT of the
ONU 3, thereby advancing the local time of the ONU 3 by the
error (At).

As aresult, the Aware period of the ONU 3 becomes shorter
than the Aware period of the OLT 2 by the error (At)
(“T_aware-At”). Hence, the reference clock of the OLT 2
matches the local time RT of the ONU 3, thus completing
correction of the error (At).

The ONU 3 receives the control frame CF for time syn-
chronization from the OLT 2 and thus makes the reference
clock ofthe OLT 2 match the local time RT of the ONU 3 and
corrects the error (At) in every cycle. Hence, the error (At) can
be prevented from accumulating along with the elapse of
time. The PON system 1 can thus decrease the number of
times of causing the OLT 2 to transmit the control frame of
return instruction, as compared to the conventional method
that does not correct the error (At). It is therefore possible to
reduce the load on the OLT 2 and thus prevent an increase in
the power consumption without lowering the band utilization
efficiency.

According to the above-described arrangement, in the
PON system 1, the control frame CF for time synchronization
is received from the OLT 2, and the reference time of the OLT
2 is synchronized with the local time RT of the ONU 3 in the
Aware period next to the Sleep period of the first cycle, that is,
the next Aware period in which control frame transmission/
reception is enabled between the OLT 2 and the ONU 3. The
PON system 1 can thus advance the local time RT by the error
(At) and eliminate the error (At) between the reference clock
ofthe OLT 2 and the local time RT of the ONU 3. This makes
it possible to reliably return the ONU 3 from the power saving
mode to the normal mode without increasing the load on the
OLT

(2-4) Other Embodiments Corresponding to Second
Embodiment

Note that in the above-described second embodiment, a
case has been explained in which the Aware period of the
ONU 3 is set to “T_aware-At”, thereby correcting the error
(At). However, the present invention is not limited to this, and
“T_sleep-At” may be set.

For example, when “T_sleep-At” is set, only measurement
of'the Aware period is done by the child station Aware counter
33E, as in the first embodiment. The control frame CF for
time synchronization is thus received from the OLT 2 at the
timing of ending the Aware period, and the reference time of
the OLT 2 and the local time RT of the ONU 3 are synchro-
nized. As a result, the ONU 3 can advance the local time RT
by the error (At), and the Sleep period of the ONU 3 becomes
shorter than the Sleep period of the OLT 2 by the error (At)
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(“T_sleep-At”). For this reason, the reference clock of the
OLT 2 can be made to match the local time RT of the ONU 3.

In the above-described second embodiment, a case has
been explained in which one ONU 3 is connected to the OLT
2. However, the present invention is not limited to this, and n
(1=n=m) ONUs can be controlled by preparing the parent
station power control units 22 and the parent station period
measurement units 23 of the OLT 2 as many as the ONUs 3 to
be connected.

In the above-described second embodiment, a case has
been explained in which the Sleep period end time storage
unit 43B stores the Sleep period end time SLET input from
the child station communication unit 31, and the Aware period
end time storage unit 43D stores the Aware period end time
AWET. However, the present invention is not limited to this,
and the Sleep period end time SLET and the Aware period end
time AWET may be predetermined. In this case, the ONU 3
need not always include the Sleep period end time storage
unit 43B and the Aware period end time storage unit 43D.

In the above-described second embodiment, a case has
been explained in which the child station communication unit
31 reads the Sleep period end time and the Aware period end
time from the end time notification frame and outputs them to
the child station period measurement unit 43. However, the
present invention is not limited to this, and the parent station
communication unit 21 may read the Sleep period end time
SLET and the Aware period end time AWET from the control
frame (end time notification frame) CF and output them to the
child station period measurement unit 43.

(3) Third Embodiment

In the third embodiment as well, a case in which, for
example, one OLT and one ONU are provided will be
described.

In the communication process of a PON system 1 accord-
ing to the third embodiment as well, in a state in which an
ONU 3 has a Sleep period end time SLET and an Aware
period end time AWET, as in the second embodiment, when
the local time of the ONU 3 has passed the Sleep period end
time SLET and the Aware period end time AWET, the ONU 3
ends the Sleep period and the Aware period.

In the second embodiment, an OLT 2 notifies the ONU 3 of
the Sleep period end time SLET and the Aware period end
time AWET by a control frame CF. In the third embodiment,
however, the ONU 3 calculates the Sleep period end time
SLET and the Aware period end time AWET.

As shown in FIG. 15 in which the same reference numerals
as in FIG. 12 denote the corresponding parts, according to the
communication process of the PON system of the third
embodiment, the ONU 3 ends the Sleep period with a delay of
an error (At) from the OLT 2 in the first cycle, the reference
time of the OLT 2 is synchronized with a local time RT of the
ONU 3 in the Aware period, and the Aware period is set to
“T_aware-At”, as in the second embodiment. The third
embodiment is different from the second embodiment in that
the OLT 2 does not transmit the control frame CF to notify the
ONU 3 of the Sleep period end time SLET and the Aware
period end time AWET.

In the communication process of the third embodiment, the
ONU 3 calculates the Sleep period end time SLET and the
Aware period end time AWET in each cycle. The method of
calculating the Sleep period end time SLET and the Aware
period end time AWET is as follows.

First, the power saving mode start time is set to (T_stat) in
the local time RT, the Sleep period end time of the yth cycle is
set to (T_sleep_end_y), and the Aware period end time is set
to (T_aware_end_y). The Sleep period end time (T_sleep_
end_1) of the first cycle is calculated as “T_stat+T_sleep”,
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and the Aware period end time (T_aware_end_1) is calculated
as “T_stat+T_sleep+T_aware”.

The Sleep period end time (T_sleep_end_y) of the yth
cycle is calculated as “T_sleep_end (y-1)+T_aware+
T_sleep”, and the Aware period end time (T_aware_end_y) is
calculated as “T_aware_end_(y-1)+T_sleep+T_aware”
hereafter. The method of calculating the Sleep period end
time SLET and the Aware period end time AWET has been
described above. Note that the power saving mode start time
(T_stat) can be calculated as a time a predetermined time after
the ONU 3 has transmitted a Sleep_Ack frame to the OLT 2.
However, the method of deciding the power saving mode start
time (T_stat) is not limited to this.

In the third embodiment as well, the error (At) occurs
between the reference time of the OLT 2 and the local time RT
of the ONU 3, as in the second embodiment. However, since
synchronization is established between the reference time of
the OLT 2 and the local time RT of the ONU 3 in the Aware
period, correction of “T_aware-At” is performed in the Aware
period to solve accumulating the error (At) every time the
cycle repeats.

Note that although FIG. 15 also shows a case in which the
error (At) is positive, the error (At) may be negative. The error
(At) is sufficiently small relative to the Sleep period or the
Aware period. Even the third embodiment solves the problem
of the error (At) that accumulates and attains a large value
along with the elapse of time.

(3-1) Circuit Arrangements of OLT And ONU of Third
Embodiment

As shown in FIG. 16 in which the same reference numerals
as in FIG. 13 denote the corresponding parts, the OLT 2 has
the same arrangement as in the first embodiment, and a
description thereof will be omitted here.

The ONU 3 basically has the same arrangement as in the
second embodiment except that a child station communica-
tion unit 31 does not output the Sleep period end time SLET
and the Aware period end time AWET to a child station period
measurement unit 53, the child station communication unit 31
outputs the local time RT to a child station power control unit
32, and the child station power control unit 32 outputs a power
saving mode start time EMST to the child station period
measurement unit 53. Note that concerning the arrangement
of'the ONU 3, a description of the same parts as in the second
embodiment will be omitted.

Inthe ONU 3 having the above-described arrangement, the
child station power control unit 32 outputs not only a set
signal SET but also the local time RT at that time simulta-
neously to the child station period measurement unit 53 as the
power saving mode start time EMST (T_stat). Upon receiving
the set signal SET from the child station power control unit
32, the child station period measurement unit 53 of the ONU
3 periodically calculates the Sleep period end time SLET and
the Aware period end time AWET of each cycle based on the
simultaneously input power saving mode start time EMST
(T_stat) and preset “T_sleep” and “T_aware”. Note that upon
receiving a reset signal RSET from the child station power
control unit 32, the child station period measurement unit 53
erases the previously calculated Sleep period end time SLET
and Aware period end time AWET.

(3-2) Circuit Arrangement of Child Station Period Mea-
surement Unit of ONU

FIG. 17 shows the arrangement of the child station period
measurement unit 53 of the ONU 3. The child station period
measurement unit 53 of the ONU 3 according to the third
embodiment includes a child station period measurement
control unit 53A, a T_Sleep storage unit 53B, a Sleep period
end time calculation unit 53C, a Sleep comparison unit 53D,
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a T_Aware storage unit 53E, an Aware period end time cal-
culation unit 53F, and an Aware comparison unit 53G.

The child station period measurement unit 53 presets the
value “T_sleep” (time) of the Sleep period in the T_Sleep
storage unit 53B, and also presets the value “T_aware” (time)
of the Aware period in the T_Aware storage unit 53E. The
T_Sleep storage unit 53B and the T_Aware storage unit S3E
output the value “T_sleep” of the Sleep period and the value
“T_aware” of the Aware period to the Sleep period end time
calculation unit 53C and the Aware period end time calcula-
tion unit 53F, respectively.

Upon receiving a calculation start signal CST and the start
time (T_stat) from the child station period measurement con-
trol unit 53 A, the Sleep period end time calculation unit 53C
and the Aware period end time calculation unit 53F first
calculate the Sleep period end time of the first cycle as
(T_stat+T_sleep) and the Aware period end time as (T_stat+
T_sleep+T_aware), respectively.

Next, upon receiving a calculation update signal CUS from
the child station period measurement control unit 53A, the
Sleep period end time calculation unit 53C and the Aware
period end time calculation unit 53F calculate the Sleep
period end time of the second cycle as (T_sleep_end
1+T_aware+T_sleep) and the Aware period end time as
(T_aware_end__ |, ,. sleep+1_aware), respectively.

The Sleep period end time calculation unit 53C and the
Aware period end time calculation unit 53F repeat this calcu-
lation hereafter. When the reset signal RSET is input from the
child station period measurement control unit 53A, and the
calculation start signal CST is input next, the calculation
starts anew from the first cycle.

The Sleep period end time calculation unit 53C and the
Aware period end time calculation unit 53F output the Sleep
period end time SLET and the Aware period end time AWET
to the Sleep comparison unit 53D and the Aware comparison
unit 53G, respectively. The Sleep comparison unit 53D and
the Aware comparison unit 53G compare the local time RT of
the ONU 3 with the Sleep period end time SLET and the
Aware period end time AWET, respectively. If the local time
RT has passed the Sleep period end time SLET and the Aware
period end time AWET, a Sleep period end signal SLES and
an Aware period end signal AWES are output to the child
station period measurement control unit 53A.

The child station period measurement unit 53 outputs a
Sleep state signal SLM or an Aware state signal AWM to the
child station power control unit 32 based on the set signal SET
and the reset signal RSET input from the child station power
control unit 32 and the Sleep period end signal SLES and the
Aware period end signal AWES input from the Sleep com-
parison unit 53D and the Aware comparison unit 53G, as in
the second embodiment.

Upon receiving the set signal SET and the power saving
mode start time (T_stat) from the child station power control
unit 32, the child station period measurement unit 53 causes
the child station period measurement control unit 53A to
output the calculation start signal CST and the power saving
mode start time (T_stat) to the Sleep period end time calcu-
lationunit 53C and the Aware period end time calculation unit
53F.

When each cycle has ended, the child station period mea-
surement unit 53 outputs the calculation update signal CUS to
the Sleep period end time calculation unit 53C and the Aware
period end time calculation unit 53F. The Sleep period end
time calculation unit 53C and the Aware period end time
calculation unit 53F add the value “T_sleep” and the value
“T_aware” to the Sleep period end time SLET and the Aware
period end time AWET of the cycle, thereby calculating the
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Sleep period end time SLET and the Aware period end time
AWET of the next cycle. The child station period measure-
ment unit 53 repeats this operation hereafter. Note that upon
receiving the reset signal RSET from the child station power
control unit 32, the child station period measurement unit 53
outputs the reset signal RSET to the Sleep period end time
calculation unit 53C and the Aware period end time calcula-
tion unit 53F and ends the calculation of the Sleep period end
time SLET and the Aware period end time AWET.

(3-3) Functions and Effects of Third Embodiment

With the above-described arrangement, when eliminating
the time error (At) that occurs with respect to the OLT 2 during
the Sleep period of the ONU 3, the PON system 1 according
to the third embodiment causes the ONU 3 not to recognize
the Sleep period end time SLET and the Aware period end
time AWET by the control frame CF from the OLT 2 but to
calculate the Sleep period end time SLET and the Aware
period end time AWET by itself, unlike the second embodi-
ment.

More specifically, in the PON system 1, the ONU 3 ends
the Sleep period with a delay of the error (At) from the OLT 2
in the first cycle. The reference time of the OLT 2 is synchro-
nized with the local time RT of the ONU 3 in the next Aware
period, thereby correcting the Aware period to “T_aware-At”.
Hence, the error (At) can be prevented from accumulating
along with the elapse of time. The PON system can thus
decrease the number oftimes of causing the OLT 2 to transmit
the control frame of return instruction, as compared to the
conventional method that does not correct the error (At). It is
therefore possible to reduce the load on the OLT 2 and thus
prevent an increase in the power consumption without low-
ering the band utilization efficiency.

At this time, in the ONU 3, the child station period mea-
surement unit 53 can obtain the Sleep period end time SLET
and the Aware period end time AWET by calculation in each
cycle. This can obviate the necessity of receiving the notifi-
cation of the Sleep period end time SLET and the Aware
period end time AWET from the OLT 2, and therefore further
reduce the load on the OLT 2.

According to the above-described arrangement, the PON
system 1 can synchronize the reference time of the OLT 2
with the local time RT of the ONU 3 to advance the local time
RT by the error (At), and eliminate the error (At) between the
reference clock of the OLT 2 and the local time RT of the
ONU 3, as in the second embodiment. Additionally, in the
PON system 1, the ONU 3 can obtain the Sleep period end
time SLET and the Aware period end time AWET by calcu-
lation in each cycle. This makes it possible to reliably return
the ONU 3 from the power saving mode to the normal mode
while saving the load on the OLT 2 in transmitting the Sleep
period end time SLET and the Aware period end time AWET.

(3-4) Other Embodiments Corresponding to Third
Embodiment

Note that in the above-described third embodiment, a case
has been explained in which the Aware period of the ONU 3
is set to “T_aware-At”, thereby correcting the error (At).
However, the present invention is not limited to this, and
“T_sleep-At” may be set.

For example, when “T_sleep-At” is set, only measurement
of'the Aware period is done by the child station Aware counter
33E, as in the first embodiment. The control frame CF for
time synchronization is thus received from the OLT 2 at the
timing of ending the Aware period, and the reference time of
the OLT 2 and the local time RT of the ONU 3 are synchro-
nized. As a result, the ONU 3 can advance the local time RT
by the error (At), and the Sleep period of the ONU 3 becomes
shorter than the Sleep period of the OLT 2 by the error (At)
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(“T_sleep-At”). For this reason, the reference clock of the
OLT 2 can be made to match the local time RT of the ONU 3.

In the above-described third embodiment, a case has been
explained in which the child station communication unit 31 of
the ONU 3 outputs the local time RT to the child station power
control unit 32, and the child station power control unit 32
decides the power saving mode start time (T_stat). However,
the present invention is not limited to this, and the child
station period measurement unit 53 of the GNU 3 need only
know the power saving mode start time (T_stat). For example,
the child station communication unit 31 may output the local
time RT to the child station period measurement unit 53, and
the child station period measurement unit 53 may directly
decide the power saving mode start time (T_stat).

In the above-described third embodiment, a case has been
explained in which the Sleep period end time SLET of the
Sleep period and the Aware period end time AWET of the
Aware period are calculated under a condition that the Sleep
period and the Aware period are predetermined. However, the
present invention is not limited to this, and the Sleep period
end time SLET of the Sleep period and the Aware period end
time AWET of the Aware period may be calculated under a
condition that the Sleep period and the Aware period change
for each cycle. In this case as well, the Sleep period end time
SLET and the Aware period end time AWET can be calcu-
lated. For example, when the Sleep period of the nth cycle is
set to “T_sleep_n”, and the Aware period is set to
“T_aware_n”, the Sleep period end time SLET and the Aware
period end time AWET of the nth cycle are obtained as
“T_sleep_end_n=T_sleep_end_(n-1)+T_aware+T_sleep”
and “T_aware_end_n=T_aware_end_(n-1)+T_sleep+
T_Aware”. The calculation method is not limited to this, and
various methods are usable.

In the above-described third embodiment, a case has been
explained in which the child station period measurement unit
53 calculates the Sleep period end time and the Aware period
end time. However, the present invention is not limited to this,
and a unit other than the child station period measurement
unit 53, for example, the parent station communication unit
21 or the like may perform the calculation.

In the above-described third embodiment, a case has been
explained in which one ONU 3 is connected to the OLT 2.
However, the present invention is not limited to this, and n
(1=n=m) ONUs can be controlled by preparing the parent
station power control units 22 and the parent station period
measurement units 23 of the OLT 2 as many as the ONUs 3 to
be connected.

(4) Fourth Embodiment

In the fourth embodiment as well, a case in which, for
example, one OLT and one ONU are provided will be
described.

In the above-described first to third embodiments, the time
error (At) between the OLT 2 and the ONU 3 is small relative
to the Sleep period or the Aware period. In the fourth embodi-
ment, however, a time error (At) between an OLT 2 and an
ONU 3 is too large to neglect relative to the Sleep period or the
Aware period. Note that the Sleep period of the nth cycle will
be referred to as “T_sleep_n” and the Aware period of the nth
cycle will be referred to as “T_aware_n”. The time error that
occurs between the OLT 2 and the ONU 3 in the Sleep period
“T_sleep_n” of the nth cycle will be referred to as an error
(At_n).

Assume that the error (At) is small. In this case, even when
the error (At_n) occurs in the Sleep period of the nth cycle, the
OLT 2 transmits an Aware frame to the ONU 3 to instruct a
return from the power saving mode in the Aware period of the
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nth cycle so that the ONU 3 can receive the Aware frame from
the OLT 2 and return to the normal mode.

Conversely, assume that the error (At) is large. In the com-
munication process of the PON system according to the
fourth embodiment, as shown in FIG. 18, if the error (At_n)
occurs in the Sleep period of the nth cycle, the ONU 3 cannot
receive the Aware frame transmitted from the OLT 2 because
of'the Sleep period and cannot return from the power saving
mode to the normal mode.

More specifically, let “T_olt_aware” be the period from the
end of the Sleep period of the OLT 2 until its shift to the Aware
period and Aware frame transmission to the ONU 3, and
“T_olt_onu” be the period until the Aware frame transmitted
from the OLT 2 arrives at the ONU 3. In this case,
“At<T_olt_aware+T_olt_onu” when the error (At) is small,
and “At=T_olt_aware+T_olt_onu” when the error (At) is
large.

In the first to third embodiments, the error (At_n) that
occurs in the Sleep period of the nth cycle is corrected from
the Aware period of the nth cycle to the Sleep period of the
(n+1)th cycle, thereby preventing the error (At_n) from accu-
mulating and attaining a large value. In the fourth embodi-
ment, however, the ONU 3 estimates the error (At_n) that
occurs in the Sleep period of the nth cycle in advance, corrects
its Sleep period by the error (At_n) in advance, and then shifts
to the Sleep state.

For example, as shown in FIG. 19, in the communication
process of the PON system according to the fourth embodi-
ment, even when the OLT 2 instructs the ONU 3 to be in the
Sleep period for “T_sleep” by the Sleep frame of step ST1, the
ONU 3 estimates the error (At) that occurs in the “T_sleep”
period in advance, sets the Sleep period of the nth cycle to
“T_sleep_n-At”, and then shifts to the Sleep state.

A method of estimating the error (At) that occurs in the
ONU 3 in the fourth embodiment will be described next. Note
that in the fourth embodiment, the Sleep period “T_sleep”
and the Aware period “T_aware” change for each cycle.

The error (At) between the OLT 2 and the ONU 3 is pro-
portional to the length of the Sleep period. In the fourth
embodiment, first, an error (At_x) that has occurred in a given
Sleep period (T_sleep_x) is stored. The error (At_n) that
occurs in accordance with the length of the Sleep period
(T_sleep_n) of the nth cycle is calculated as (At_n)=(At_x)x
(T_sleep_n)/(T_sleep_x). Note that although the error (At) is
positive in this case as well, the error (At) may be negative.

In the fourth embodiment, the ONU 3 estimates, based on
an error (At_1) obtained in a period of the first cycle, an error
that occurs in a subsequent cycle by the same method as in the
firstembodiment. That is, the error that occurs in the nth cycle
is calculated as (At_n)=(At_,, ;._sleep_n)/(T_sleep_,,

(4-1) Circuit Arrangements of OLT And ONU of Fourth
Embodiment

As shown in FIG. 20 in which the same reference numerals
as in FIG. 6 denote the corresponding parts, the OLT 2 has the
same arrangement as in the first embodiment, and a descrip-
tion thereof will be omitted here. However, the OLT 2 trans-
mits the Sleep period “T_sleep_n” and the Aware period
“T_aware_n" of each cycle to the ONU 3 by a control frame
CF.

The ONU 3 basically has the same arrangement as in the
first embodiment except that a child station power control unit
32 outputs the value “T_sleep_n" of the Sleep period and the
value “T_aware_n" of the Aware period of the nth cycle to a
child station period measurement unit 63. Note that concern-
ing the arrangement of the ONU 3, a description of the same
parts as in the first embodiment will be omitted.
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The child station power control unit 32 of the ONU 3
outputs the value “T_sleep_n” of the Sleep period and the
value “T_aware_n” of the Aware period, which are transmit-
ted from the OLT 2 by the control frame CF, to the child
station period measurement unit 63 at the start of each cycle.

(4-2) Circuit Arrangement of Child Station Period Mea-
surement Unit of ONU

FIG. 21 shows the arrangement of the child station period
measurement unit 63 of the ONU 3. The child station period
measurement unit 63 of the ONU 3 according to the fourth
embodiment includes a child station period measurement
control unit 63A, a child station Sleep counter 63B, a child
station Aware counter 63C, and a child station error detection
unit 63D.

The child station error detection unit 63D of the child
station period measurement unit 63 detects the time error (At)
that occurs between the OLT 2 and the ONU 3 during the
Sleep period based on the difference between a local time
(synchronized with the reference time of the OLT 2) RT when
a synchronization completion signal SYE was input and the
immediately preceding local time (not synchronized with the
reference time of the OLT 2) RT, as in the first embodiment,
and outputs the detected error (At) to the child station period
measurement control unit 63A.

The child station period measurement control unit 63A
outputs an ON/OFF signal ONF to the child station Sleep
counter 63B and the child station Aware counter 63C based on
a set signal SET and a reset signal RSET input from the child
station power control unit 32, thereby controlling the child
station Sleep counter 63B and the child station Aware counter
63C, as in the first embodiment. Unlike the first embodiment,
the child station period measurement control unit 63A out-
puts, to the child station Sleep counter 63B, a count
(“T_sleep_n-At_n") to be loaded by the child station Sleep
counter 63B.

The child station period measurement control unit 63A
outputs “T_sleep_n-At_n" obtained from the Sleep period
“T_sleep_n” of the nth cycle input from the child station
power control unit 32 and the error (At_n) of the nth cycle
estimated by the above-described estimation method to the
child station Sleep counter 63B as a count. On the other hand,
the child station period measurement control unit 63A
directly outputs the value (T_aware_n) of the Aware period
input from the child station power control unit 32 to the child
station Aware counter 63C as a count. Note that the arrange-
ments and operations of the child station Sleep counter 63B
and the child station Aware counter 63C are the same as in the
first embodiment, and a description thereof will be omitted
for the sake of convenience.

(4-3) Functions and Effects of Fourth Embodiment

With the above-described arrangement, a PON system 1
according to the fourth embodiment causes the ONU 3 to
estimate, using the error (At) obtained in the period of the first
cycle, the error (At_n) that occurs in, for example, the subse-
quent nth cycle.

The ONU 3 sets the Sleep period of the nth cycle to
“T_sleep_n-At_n” in consideration of the estimated error
(At_n) and then shifts to the Sleep state. It is therefore pos-
sible to reliably obtain a state in which the OLT 2 and the
ONU 3 are synchronized in the next Aware period.

As a result, when the OLT 2 transmits the Aware frame to
the ONU 3 in the Aware period, the ONU 3 can receive the
Aware frame and therefore reliably return from the power
saving mode to the normal mode. The PON system 1 can thus
decrease the number oftimes of causing the OLT 2 to transmit
the control frame of return instruction, as compared to the
conventional method that does not correct the error (At). Itis
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therefore possible to reduce the load on the OLT 2 and thus
prevent an increase in the power consumption without low-
ering the band utilization efficiency.

According to the above-described arrangement, in the
PON system 1, even if the time error (At) between the OLT 2
and the ONU 3 is too large to neglect relative to the Sleep
period or the Aware period, the ONU 3 estimates the error
(At_n) of the nth cycle in advance, sets the Sleep period of the
nth cycle to “T_sleep_n-At_n” in consideration of the esti-
mated error (At_n), and then shifts to the Sleep state. Hence,
in the PON system, the OLT 2 and the ONU 3 are synchro-
nized in the next Aware period, and the ONU 3 can reliably
receive the Aware frame from the OLT 2 and reliably return
from the power saving mode to the normal mode.

(4-4) Other Embodiments Corresponding to Fourth
Embodiment

Note that in the above-described fourth embodiment, a
case has been explained in which based on the error (At) that
has occurred in the Sleep period of the first cycle, the error
(At_n) that occurs in the subsequent nth cycle is estimated.
However, the present invention is not limited to this, and the
ONU 3 may set a mode to confirm the clock deviation
between the OLT 2 and the ONU 3 before the shift to the
power saving mode.

In the above-described fourth embodiment, a case has been
explained in which based on the error (At) that has occurred in
the Sleep period of the first cycle, the error (At_n) that occurs
in the subsequent nth cycle is estimated. However, the present
invention is not limited to this, and the error that occurs in a
subsequent cycle may be estimated using the error (At) that
has occurred in an arbitrary cycle. For example, a period for
error estimation may be provided at a predetermined time
interval. The estimation may be done based on the error that
has occurred in the previous power saving mode. An error at
the standard temperature may be preset, and an error that
occurs in a subsequent cycle may be estimated using it. An
error for each temperature may be preset, and the apparatus
may measure the temperature to estimate the error that occurs
in a subsequent cycle.

In the above-described fourth embodiment, a case has been
explained in which the error (At_n) that occurs in the nth cycle
is estimated and corrected. However, the present invention is
not limited to this. Since the estimated error (At_n) does not
necessarily exactly match the error that actually occurs, the
same processing as in the first to third embodiments may be
performed together to further modify the Aware period.

In the above-described fourth embodiment, a case has been
explained in which one ONU 3 is connected to the OLT 2.
However, the present invention is not limited to this, and n
(1=n=m) ONUs can be controlled by preparing the parent
station power control units 22 and the parent station period
measurement units 23 of the OLT 2 as many as the ONUs 3 to
be connected.

(5) Fifth Embodiment

In the fifth embodiment as well, a case in which, for
example, one OLT and one ONU are provided will be
described.

In the above-described fourth embodiment, the ONU 3
estimates the error (At_n) that occurs in the nth cycle, and the
“T_sleep” period of the ONU 3 is corrected to “T_sleep_n-
At_n”. This allows the ONU 3 to receive the control frame of
return instruction from the power saving mode to the normal
mode from the OLT 2 even if the error (At_n) is too large to
neglect relative to the Sleep period or the Aware period.

However, the fifth embodiment is different from the fourth
embodiment in that an OLT 2 estimates an error (At_n) and
transmits a control frame CF of return instruction from the
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power saving mode to the normal mode at a time at which an
ONU 3 can receive the control frame.

The procedure until the OLT 2 transmits the control frame
CF of return instruction from the power saving mode to the
normal mode to the ONU 3 in the fifth embodiment will be
described. In this case, the ONU 3 detects an error (At) and
transmits it to the OLT 2. The OLT 2 estimates the error (At_n)
that occurs in the nth cycle using the error (At) by the same
method as in the fourth embodiment. Finally, when the OLT
2 transmits the control frame CF ofreturn instruction from the
power saving mode to the normal mode to the ONU 3, control
is performed to transmit the control frame CF after the elapse
of time equal to or more than the error (At_n) from the end of
the Sleep period of the OLT 2. Note that the transmission may
be done at a timing earlier by a time necessary for the control
frame CF transmitted from the OLT 2 to arrive at the ONU 3,
as a matter of course.

In the communication process of a PON system 1 accord-
ing to the fifth embodiment, as shown in FIG. 22, the ONU 3
corrects the Aware period of the nth cycle to “T_aware_n-
At_n”based on the error (At_n) that occurs in the nth cycle by
the same method as in the first embodiment (FIG. 5), thereby
preventing the error from accumulating. Additionally, in this
communication process, to prevent the ONU 3 from being
unable to receive the control frame CF of return instruction
from the OLT 2 due to the error (At_n) that occurs in the nth
cycle, the OLT 2 estimates the error (At_n) and transmits the
control frame (Aware frame) CF of return instruction at the
timing of step ST3 after the elapse of time equal to or more
than the error (At_n) from the end of the Sleep period. Note
that although the error (At) is positive in this case as well, the
error (At) may be negative.

(5-1) Circuit Arrangements of OLT And ONU of Fifth
Embodiment

As shown in FIG. 23 in which the same reference numerals
as in FIG. 6 denote the corresponding parts, the OLT 2 has the
same arrangement as in the first embodiment, and a descrip-
tion thereof will be omitted here. However, unlike the first
embodiment, a parent station communication unit 21 of the
OLT 2 stores the error (At) transmitted from the ONU 3, and
estimates the error (At_n) that occurs in the nth cycle. When
transmitting the control frame CF of return instruction via the
parent station communication unit 21, the OLT 2 operates
after the elapse of time equal to or more than the error (At_n)
from the end of the Sleep period.

The ONU 3 is almost the same as in the first embodiment
exceptthat a child station period measurement unit 33 outputs
the detected error (At) to a child station power control unit 32
by a control signal C2. The child station power control unit 32
transmits the error (At) to the OLT 2 via the parent station
communication unit 21 by the control frame CF. Note that
concerning the arrangement of the ONU 3, a description of
the same parts as in the first embodiment will be omitted.

(5-2) Functions and Effects of Fifth Embodiment

With the above-described arrangement, in the PON system
1 according to the fifth embodiment, the OLT 2 receives the
error (At) detected by the ONU 3 and estimates the error
(At_n) that occurs in the nth cycle. After that, when transmit-
ting the control frame CF of return instruction from the power
saving mode to the normal mode to the ONU 3, the OLT 2
transmits the control frame CF after the elapse of time equal
to or more than the error (At_n) in the nth cycle from the end
of'the Sleep period of the OLT 2. Hence, in the PON system
1, the control frame can reliably be transferred from the OLT
2 to the ONU 3 in a time zone where the ONU 3 is predicted
to be in the Aware period.

20

25

30

35

40

45

50

55

60

65

28

At this time, the ONU 3 corrects the Aware period of the nth
cycle to “T_aware_n-At_n” based on the error (At_n) that
occurs in the nth cycle by the same method as in the first
embodiment (FIG. 5), thereby preventing the error from accu-
mulating. Hence, in the PON system 1 according to the fifth
embodiment, both the OLT 2 and the ONU 3 give consider-
ation so that the ONU 3 can reliably receive the control frame
CF of return instruction transmitted from the OLT 2.

Even if the error (At) between the OLT 2 and the ONU 3 is
too large to neglect relative to the Sleep period or the Aware
period, the ONU 3 can reliably receive the control frame CF
transmitted from the OLT 2.

Hence, the ONU 3 can reliably return from the power
saving mode to the normal mode in the Aware period. The
PON system 1 can thus decrease the number of times of
causing the OLT 2 to transmit the control frame CF of return
instruction, as compared to the conventional method that does
not correct the error (At). It is therefore possible to reduce the
load on the OLT 2 and thus prevent an increase in the power
consumption without lowering the band utilization efficiency.

According to the above-described arrangement, in the
PON system 1, even if the time error (At) between the OLT 2
and the ONU 3 is too large to neglect relative to the Sleep
period or the Aware period, the OLT 2 estimates the error
(At_n) that occurs in the nth cycle based on the error (At)
detected by the ONU 3, and transmits the control frame CF of
return instruction to the ONU 3 after the elapse of time equal
to or more than the error (At_n) from the end of the Sleep
period of the OLT 2. Hence, the ONU 3 can reliably receive
the Aware frame from the OLT 2 and reliably return from the
power saving mode to the normal mode.

(5-3) Other Embodiments Corresponding to Fitth Embodi-
ment

Note that in the above-described fifth embodiment, a case
has been explained in which based on the error (At) that has
occurred in the Sleep period of the first cycle in the ONU 3,
the OLT 2 estimates the error (At_n) that occurs in the sub-
sequent nth cycle. However, the present invention is not lim-
ited to this, and the OLT 2 may estimate the error (At_n) that
occurs in a subsequent cycle based on the error (At) of an
arbitrary cycle estimated by the ONU 3. The OLT 2 may
perform estimation based on the error that has occurred in the
previous power saving mode. The OLT 2 may preset an error
at the standard temperature and estimates an error that occurs
in a subsequent cycle using it. The OLT 2 may preset an error
for each temperature, and the apparatus may measure the
temperature to estimate the error that occurs in a subsequent
cycle.

In the above-described fifth embodiment, a case has been
explained in which the OLT 2 estimates the error (At_n) that
occurs in the nth cycle based on the error (At) detected by the
ONU 3, and corrects the error (At_n). However, the present
invention is not limited to this. Since the estimated error
(At_n) does not necessarily exactly match the error that actu-
ally occurs, the same processing as in not only the first
embodiment but also the second and third embodiments may
be performed together to further modify the Aware period.

In the above-described fifth embodiment, a case has been
explained in which one ONU 3 is connected to the OLT 2.
However, the present invention is not limited to this, and n
(1=n=m) ONUs can be controlled by preparing the parent
station power control units 22 and the parent station period
measurement units 23 of the OLT 2 as many as the ONUs 3 to
be connected.
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(6) Sixth Embodiment

The sixth embodiment is particularly a modification of the
first embodiment, and a case in which, for example, one OLT
and one ONU are provided will be described.

As shown in FIG. 24 in which the same reference numerals
as in FIG. 5 denote the corresponding parts, in the commu-
nication process of a PON system 1 according to the sixth
embodiment, a time error (At_1) that occurs between a local
time RT of an ONU 3 and the reference time of an OLT 2 in
the Sleep period of the ONU 3 is detected during the Aware
period of the ONU 3 in the first cycle in which transmission/
reception of a control frame CF is enabled between the OLT
2 and the ONU 3, and time synchronization with the OLT 2
can be established.

In the communication process according to the sixth
embodiment, the control frame (error (At_1) notification
frame) CF with which the ONU 3 notifies the OLT 2 of the
error (At_1) is transmitted to the OLT 2 at time of step ST3
during the Aware period of the ONU 3 in the first cycle after
time synchronization with the OLT 2.

The OLT 2 corrects the Aware period of the first cycle to
“T_aware+At_17, thereby correcting the error (At_1)until the
end of the first cycle. Next, the OLT 2 estimates an error
(At_2) inthe second cycle by the same method as in the fourth
embodiment, and corrects the Aware period of the second
cycleto “T_aware+At_2”, thereby correcting the error (At_2)
until the end of the second cycle. Subsequently, the OLT 2
estimates the error (At_n) from the nth cycle and corrects it
during the Aware period of the nth cycle. For this reason, the
ONU 3 need not detect the error (At_1) and notify the OLT 2
of' it from the second cycle.

Note that although FIG. 24 shows a case in which the error
(At_1) is positive, the error (At_1) may be negative. The error
(At_1) is sufficiently small relative to the Sleep period or the
Aware period. The first embodiment solves the problem of the
error (At_1) that accumulates and attains a large value along
with the elapse of time.

In the sixth embodiment, a case in which one OLT 2 and
one ONU 3 are provided has been described. When a plurality
of ONUs 3 are connected to the OLT 2, the error (At_1)
changes between the plurality of ONUs 3, and a plurality of
parent station period measurement units 23 and a plurality of
child station period measurement units 33 are necessary.

(6-1) Circuit Arrangements of OLT And ONU of Sixth
Embodiment

As shown in FIG. 25 in which the same reference numerals
as in FIG. 6 denote the corresponding parts, in the ONU 3, a
child station period measurement unit 33 detects, in the Aware
period of the first cycle of the ONU 3 in which time synchro-
nization with the OLT 2 is established, the error (At_1) that
occurs between the local time RT of the ONU 3 and the
reference time of the OLT 2 in the Sleep period of'the ONU 3,
and the error (At_1) is transmitted to the OLT 2.

A parent station power control unit 22 of the OLT 2 outputs
the error (At_1) received from the ONU 3 to a parent station
period measurement unit 23. The parent station period mea-
surement unit 23 corrects the Aware period of the first cycle
from preset “T_aware” to “T_aware+At_1" using the error
(At_1). The end timing of the Aware period “T_aware+At_1"
of the OLT 2 and the end timing of the Aware period
“T_aware” of the ONU 3 are thus synchronized.

From the second cycle, the parent station power control
unit 22 of the OLT 2 estimates errors (At_2), (At_5, )
using the same method as in the fourth embodiment based on
the error (At_1), and corrects the Aware period from the
second cycle to “T_aware+At . ... aware+At .
«7_aware+At_n” using the errors.

-----
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(6-2) Functions and Effects of Sixth Embodiment

With the above-described arrangement, in the PON system
1 according to the sixth embodiment, the time error (At_1)
with respect to the OLT 2 that occurs in the nth Sleep period
of'the ONU 3 is detected in the Sleep period of the first cycle
of'the ONU 3 in which transmission/reception of the control
frame CF is enabled between the OLT 2 and the ONU 3, and
the error (At_1) is transmitted from the ONU 3 to the OLT 2
during the Sleep period of the first cycle.

The OLT 2 of the PON system 1 sets the Aware period to
“T_aware+At_1” during the Aware period of the first cycle
using the error (At_1) received from the ONU 3, thereby
correcting the error (At_1) between the reference clock of the
OLT 2 and the local time RT of the ONU 3.

In the above-described way, the OLT 2 corrects the error
(At_1) during the Aware period of the first cycle. Hence, the
error (At_1) between the OLT 2 and the ONU 3 never accu-
mulates along with the elapse of time, and the synchronized
state can always be maintained. The PON system 1 can thus
decrease the number oftimes of causing the OLT 2 to transmit
the control frame of return instruction, as compared to the
conventional method that does not correct the error (At_1). It
is therefore possible to reduce the load on the OLT 2 and thus
prevent an increase in the power consumption without low-
ering the band utilization efficiency.

According to the above-described arrangement, the PON
system 1 detects, in the Aware period of the first cycle of the
ONU 3, the time error (At_1) that occurs with respect to the
OLT 2 during the Sleep period of the ONU 3. The OLT 2
corrects the error (At_1) during the Aware period of the first
cycle and set the Aware period to “T_aware+At_1". In the
PON system 1, the error (At_1) between the reference clock
of'the OLT 2 and the local time RT of the ONU 3 can thus be
corrected, and time synchronization can be established dur-
ing the first cycle. This makes it possible to reliably return the
ONU 3 from the power saving mode to the normal mode
without increasing the load on the OLT 2.

(6-3) Other Embodiments Corresponding to Sixth
Embodiment

Note that in the above-described sixth embodiment, a case
has been explained in which the ONU 3 detects the error
(At_1) and transmits it to the OLT 2 during the Aware period
of the power saving mode.

However, the present invention is not limited to this.

An error detection mode to detect the error (At_1) may be
set before the power saving start time, and the error (At_1)
may be transmitted from the ONU 3 to the OLT 2 before the
power saving start time.

In the above-described sixth embodiment, a case has been
explained in which the OLT 2 corrects the error (At_1) during
the Aware period of the first cycle. However, the present
invention is not limited to this, and the error (At_1) may be
corrected during the Sleep period of the second cycle, and the
Sleep period of the second cycle may be set to “T_sleep+
At_1”. Alternatively, the Aware period of the first cycle may
be set to “T_aware+(At_1)/2”, and the Sleep period of the
second cycle may be set to “T_sleep+(At_, )

In the above-described sixth embodiment, a case has been
explained in which the ONU 3 detects the error (At_1) during
the Aware period of the power saving mode. However, the
present invention is not limited to this, and the OLT 2 may
detect the time error (At_1) that occurs in the Sleep period of
the ONU 3 between the local time RT of the ONU 3 and the
reference time of the OLT 2 by receiving the local time RT
from the ONU 3 during the Aware period of the first cycle in
which the time synchronization with respect to the ONU 3 can
be established.
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Industrial Applicability

The present invention is usable in the communication field
and, more particularly, in various systems in which the parent
station has a reference time, and the parent station and a child
station that has established time synchronization with the
parent station communicate with each other.
Explanation Of The Reference Numerals And Signs

1...PONsystem,2...0LI, 3...0ONU, 21 ... parent
station communication unit, 22 . . . parent station power
control unit, 23 . . . parent station period measurement unit,
31 ... child station communication unit, 32 . . . child station
power control unit, 33, 43, 53, 63 . . . child station period
measurement unit

The invention claimed is:

1. A communication system including a parent station and
one or a plurality of child stations,

said parent station comprising:

a parent station communication unit that has a reference
time and communicates with said plurality of child sta-
tions;

one or a plurality of parent station power control units each
of which determines whether said child station should be
in a power saving mode in which an apparatus is peri-
odically partially or wholly stopped or in a normal mode
in which the apparatus is operated without being par-
tially or wholly stopped, and instructs said child station
to change a mode; and

one or a plurality of parent station period measurement
units each of which measures a stop period in which the
apparatus of the child station is partially or wholly
stopped and a non-stop period in which the apparatus of
the child station is not stopped in the power saving mode,
and

said child station comprising:

a child station communication unit that performs commu-
nication while synchronizing the reference time of said
parent station with a local time of said child station;

a child station power control unit that changes the mode
between the power saving mode and the normal mode of
the child station in accordance with the mode change
instruction from said parent station; and

a child station period measurement unit that measures the
stop period and the non-stop period of said child station,
and performs a correction for one or both of the stop
period and the non-stop period in the power saving mode
using an error obtained by calculating a difference gen-
erated during the power saving mode between the refer-
ence time of said parent station and the local time of the
child station.

2. A communication system according to claim 1, wherein
said child station period measurement unit is configured to
subtract a value of the error obtained by calculating the dif-
ference between the local time at the time of completion of the
time synchronization with the parent station and the local
time immediately before the completion of the time synchro-
nization from a value of one or both of the stop period and the
non-stop period of the child station in the power saving mode,
thereby performing the correction.

3. A communication system according to claim 1, wherein
said child station period measurement unit is configured to
calculate, as an estimated error, an error that occurs in accor-
dance with a length of the subsequent stop period based on a
value of the error that has occurred in the stop period of said
child station, and subtract a value of the estimated error from
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the value of one or both of the subsequent stop period and the
subsequent non-stop period, thereby performing the correc-
tion.

4. A communication system according to claim 1, wherein
said child station causes said child station communication
unit to notify said parent station of a value of the error that
occurs in the stop period of said child station, and

said parent station causes, based on a value of the error
notified by said child station, said parent station power
control unit to calculate an error that occurs in accor-
dance with a length of the stop period of said child
station as an estimated error, and in the subsequent stop
period of said child station, instructs said child station to
return from the power saving mode to the normal mode
after an elapse of time not less than the value of the error
from completion of the stop period.

5. A communication system according to claim 1, wherein
the stop period or the non-stop period of said child station in
the power saving mode comprises one of a period preset for
said child station, a period until the local time of said child
station passes an end time of the stop period or the non-stop
period notified from said parent station to said child station,
and a period until the local time of said child station passes the
end time of the stop period or the non-stop period calculated
by said child station from a start time of the power saving
mode.

6. A communication method including a parent station and
one or a plurality of child stations that communicate with the
parent station, comprising:

areference time notification step of causing a parent station
communication unit of the parent station, which has a
reference time, to communicate with the plurality of
child stations, thereby transmitting the reference time of
the parent station to the child stations;

atime synchronization step of causing a child station com-
munication unit of each of the child stations to receive
the reference time of the parent station and synchronize
the reference time of the parent station with a local time
of the child station;

amode change instruction step of causing one or a plurality
of parent station power control units of the parent station
to determine whether the child station should be in a
power saving mode in which an apparatus is periodically
partially or wholly stopped or in anormal mode in which
the apparatus is operate without being partially or
wholly stopped, and instruct the child station to change
a mode;

a mode change processing step of causing a child station
power control unit of the child station to change the
mode between the power saving mode and the normal
mode of the child station in accordance with the mode
change instruction from the parent station;

aparent station period measurement step of causing one or
aplurality of parent station period measurement units of
the parent station to measure a stop period in which the
apparatus of the child station is partially or wholly
stopped in the power saving mode and a non-stop period
in which the apparatus of the child station is not stopped;
and

a child station period measurement step of causing a child
station period measurement unit of the child station to
measure the stop period and the non-stop period of the
child station, and to perform a correction for one or both
of the stop period and the non-stop period in the power
saving mode using an error obtained by calculating a
difference generated during the power saving mode
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between the reference time of the parent station and the

local time of the child station.
7. A communication system including a parent station and

one or a plurality of child stations,

said parent station comprising:

a parent station communication unit that has a reference
time and communicates with said plurality of child sta-
tions;

one or a plurality of parent station power control units each
of which determines whether said child station should be
in a power saving mode in which an apparatus is peri-
odically partially or wholly stopped or in a normal mode
in which the apparatus is operated without being par-
tially or wholly stopped, and instructs said child station
to change a mode; and

one or a plurality of parent station period measurement
units each of which measures a stop period in which the
apparatus of the child station is partially or wholly
stopped and a non-stop period in which the apparatus of
the child station is not stopped in the power saving mode,
and

said child station comprising:

a child station communication unit that performs commu-
nication while synchronizing the reference time of said
parent station with a local time of said child station;

a child station power control unit that changes the mode
between the power saving mode and the normal mode of
the child station in accordance with the mode change
instruction from said parent station; and

a child station period measurement unit that measures the
stop period and the non-stop period of said child station,
obtains an error by calculating a difference generated
during the power saving mode between the reference
time of said parent station and the local time of the child
station, and transmits the error to said parent station via
said child station communication unit, said parent sta-
tion making its parent station period measurement unit
perform the correction for one or both of the stop period
and the non-stop period in the power saving mode using
the error received from said child station by said parent
station communication unit.

8. A communication method including a parent station and

one or a plurality of child stations that communicate with the
parent station, comprising:

areference time notification step of causing a parent station
communication unit of the parent station, which has a
reference time, to communicate with the plurality of
child stations, thereby transmitting the reference time of
the parent station to the child stations;

atime synchronization step of causing a child station com-
munication unit of each of the child stations to receive
the reference time of the parent station and synchronize
the reference time of the parent station with a local time
of the child station;

amode change instruction step of causing one or a plurality
of'parent station power control units of the parent station
to determine whether the child station should be in a
power saving mode in which an apparatus is periodically
partially or wholly stopped or in anormal mode in which
the apparatus is operate without being partially or
wholly stopped, and instruct the child station to change
a mode;

a mode change processing step of causing a child station
power control unit of the child station to change the
mode between the power saving mode and the normal
mode of the child station in accordance with the mode
change instruction from the parent station;
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aparent station period measurement step of causing one or
aplurality of parent station period measurement units of
the parent station to measure a stop period in which the
apparatus of the child station is partially or wholly
stopped in the power saving mode and a non-stop period
in which the apparatus of the child station is not stopped;
and

a child station period measurement step of causing a child
station period measurement unit of the child station to
measure the stop period and the non-stop period of the
child station, and to obtain an error by calculating a
difference generated during the power saving mode
between the reference time of the parent station and the
local time of the child station, and causing the child
station communication unit to transmit the error to the
parent station, said parent station making its parent sta-
tion period measurement unit perform the correction for
one or both of the stop period and the non-stop period is
performed in the power saving mode using the error
received from the child station by the parent station
communication unit.

9. A child station of a communication system, comprising:

a child station communication unit that performs commu-
nication while synchronizing a reference time of a par-
ent station of the communication system with a local
time of the child station itself;

a child station power control unit that changes a mode
between a power saving mode in which an apparatus is
periodically partially or wholly stopped and a normal
mode in which the apparatus is operated without being
partially or wholly stopped in accordance with a mode
change instruction from the parent station; and

a child station period measurement unit that measures the
stop period in which the apparatus of the child station is
partially or wholly stopped and the non-stop period in
which the apparatus of the child station is not stopped in
the power saving mode, and performs correction for one
or both of the stop period and the non-stop period in the
power saving mode using an error obtained by calculat-
ing a difference generated during the power saving mode
between the reference time of the parent station and the
local time of the child station.

10. A communication method comprising:

a communication step of causing a child station commu-
nication unit of a child station to perform communica-
tion while synchronizing a reference time of a parent
station including in a communication system with a
local time of the child station including in the commu-
nication system and connected to the parent station;

amode change step of causing a child station power control
unit of the child station to change a mode of the child
station between a power saving mode and a normal
mode of the child station in accordance with a mode
change instruction from the parent station; and

a measurement step of causing a child station period mea-
surement unit of the child station to measure a stop
period in which an apparatus of the child station is par-
tially or wholly stopped and the non-stop period in
which the apparatus of the child station is not stopped in
the power saving mode, and performs a correction for
one or both of the stop period and the non-stop period in
the power saving mode using an error obtained by cal-
culating a difference generated during the power saving
mode between the reference time of the parent station
and the local time of the child station.
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