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Abstract: We propose a novel power-saving technique of ONU assisted by HGW for advanced energy-efficient
optical access networks. Power-saving effectiveness improvement by our proposed technique is presented by
numerical simulations, addressing signaling methods between the ONU and HGW along with their applicable

systems.
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Fig. 1 Spread of FTTH in Japan.
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Fig. 2 Configurations of access and home networks.
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(a) Issues with conventional ONU sleep and (b) increased sleep time by early

85



BEMESAHTHE JI>v1—v - FN1R& VX574 Vol.2 No.2 81-90 (July 2012)

HGWaH1—#1

HGWH1—#2

BRI RUHES

onvEEpReE =B

(FR=)

RU-7

EFfE

K8 Ny 777 L—A—HEEEICLDEEIRREYE

Fig. 8 Power-efficiency improvement by collective transmission of buffered frames.

DB IRAEBRIZ L > TR — TR LTLE D
EWVI)FEE RIS L7280, Ny 77 T L — A —FEEER
MEfREL T 5D [20]. RERFHEICBVTIELEEZ L
WCELZ2HBEOX 2 —% HGW 25T 5. K 8 ICKRTFE
DEERE 2773, HGW IEF 2 —#1, #2205k s h
INTNEHERES L REBEEDO 7L -2 Ny 77§
A, UNIHIDS F 2 —#2127 L= AAb L, HLEE
BRI OBIZ Ny 77 LT 5. ZOBMERER LN F 2 —
H#LIWZTVL—LBANENEE, F2a—#1DTL—L4%
PEETHYA I TICEDY, HGW 2555 ) 7ES
EEBVIT, Fa—NDLETL— L% —ERET A, HikD
Frame-by-frame SR FEMIC B W TIZ 7 L — A MO HAF 5
XEIZBWTH BB ISHRESEILEZIT) DD TH o 7275,
A1EICBVWCHALZZ L9112, A — 7 /REIRER 0
AP 2, BENDHREPETLCLE ) Ui H 5
B S LCHIFo AL, —J, Ny 777 L—Ls—
Lk P LT A — 7B O KRB B & HlK T
&Lz, A =T AkSE, BEIR TN ES
B ENTELMUREWEDN D B, FIRO/Ny 7 7 R 12
THRERRIEL, Ny 77 7L —ADERTF - DY -1
AERGEA, BB IEE 23T 5 BRI T 5.

4.3 BEFEICLIZIR -TEREDR
RETHEIC L 2BEINEEBAEFTEIC X o THREE L 72.
4.3.1 EFHEEG
KEIZBWTA) —THKE %, A — 7 RERBERI
THA) - THEOEEGEERXRT L L, AFEIIBITAA
N=7REER (1) DLIIIEKT I ENTEL.

E= Z slp eff -1 (1)

slp ideal _i

ZTn Liéﬁ@lﬁ‘/{ 7 }I/*i tslp eff —i» tslp ideal 1 xehe

n, &Y A 7 NVIZBITAERD R — FHER], 21 — 77
REREEICH D, OO TRx DWEEN P11, 3 (2) ®

IICET LN TEL, F72, R (2) OBMANEE 9 12
IR 72720 Tx ISR 2RBHIEHO A EITH) DD LT 5.

© 2012 Information Processing Society of Japan

! U b (1-U)-E
9 TRx{HEEHLY Y7, R — TEOMR
Fig. 9 Relationship between power consumption of TRx, link

utilization, and sleep ratio.

fea-nl o
ZITUIWRY v 7 FIHET, 72 & 2 ISYWELEREAY 1 Gbit/s O
)Y ZIZBWT AN —"7y F25100 Mbit/s DFE U = 0.1
&% %. Prry, Pry, Pre l3ZFNZ1N TRx, Tx, Rx O
BENTHD. T2, BEREDP S X)) — TRENDER
(IR EIE & ARE L 72,

K12, Frame-by-frame 85534 2 W 72D 2 1) — 7
Fh B edre, NEB)DLIIKTZELENTES

P:U'PTRZ-F(l—U){PRI‘F

Z{tivl,i - (tth + tcmd,i +2. ttrn + tframe,i)}

i—1
= -
E Livi_i
i=1

(3)

C ZTCtiviiis tiny temd_is tirns trame i \ETNENATI T
L— 2Lk, bJey s AJJBMERRE, CPUDY 7 b7 x
T LR, SRS OMIEICERR, 7L — 4% ERETH
L. — TNy 777 —A—¥REkEm e WA X
) — T By R (4) D% D IZET L ATED,

n
Z{tcycle - (tcmd,i + 2- ttrn + tframe,i)}
By = = 0 (4)

tobs — Z tframe,i
i=1

Z 2T teyeter tobs 1 EZNEMN, 7L — L —FEEREEM,
SR TH L. 10Ghit/s ) ¥ Z7I2BVT, tema &
0-5msec DRI T—FEHLE & LTEESE, R —TEKED
AN =T MEGEMER ty, DY 1, Smsec DYEZFNENIZ
BWCERME L. 7L —24E131,250Byte CEEE L, 7

86



IBHRMIBS LR 222 —7 - FNIX&YZX7L Vol2 No2 81-90 (July 2012)

2.5
H a)
2 L
- i 4
215 | £
F A
R H A
B i A
% 1r
s TN —8—fE3E, tyn: 5 ms
0.5 F —o0— FKIRF, tyn: 5ms
’ --o--KIRE, tyn: 1 ms
O L I
0.01 0.1 100 1000

1 10
ZIL—"Tw ks (Mbit/s)
10 Frame-by-frame Tt FE12 & 5 TRx AEIAR

Fig. 10 Power-efficiency improvement by frame-by-frame
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Fig. 11 Power-efficiency improvement by collective transmis-

sion of buffered frame technique and required buffer

size.
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§ 5 MG Sl A RE & T B ) 2 TOEREMF &b~
B, HE1I, GHME S OB X ) &L 5B IE % fi/NRIC
FTHIENEREND, H212, FEFICEXELS R,
W2k, DENERDT—F DOl BE LW LR,
MEFOFEICL ) EEFEFTOS/NILEHLSER VT &M
TREIND, FE 3, TREEZEVIHNE A 5 72— A
RYEEOEWHIE 7O 2V ERAT A EICL o T,
N= RNy T ONHMEEZELZDLT, FAHGEEI A DO
Mz EDPFEREINL, EitlcEs, HEET &
LCHEATRELEZ ONDLFHEICOWTLU T CTHAT 5.
5.1.1 ONU X —7IZRY 2HI#ES

72 ZIE31HOM 5 THHLA, SARSR &Ewoi
ONU X = 7T 5HIM 7 L — 4 %2 HGW £ THnzk
TLT77TU—=FNEzLNE, ONU A —THIZBIT S
OLT, ONU, HGW M T#ZE SN b X vt — TV Diii,
B LU ONU Tx, Rx, ONU-HGW [ UNI DitcHREE %
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Fig. 12 Operation principle of power-saving technique by using control messages for

ONU sleep mechanisms.

BJ 12 (27”7, B 5 ITREN5S K9 %HEk ONU T &
NTWeR) =TT HHII A vy =T %, 12 1280
TIZHGW FTHGEL TV AP EL D, ONU AR —
TIZERT HEE, KRISEB) L T OLT Li@fFd M b
OLT 2»bigE &b, Lo, EhfE5% OLT 124
L CRIZEET LI 2 ONU 35 h o T b 720, il
WAy t—T% HGW |[ZF Tl L, HGW 2° ONU |24
LTED Moy 2 255543V 7 efEity s 2
EIWZE5>TONU-HGW B UNI A > ¥ 7 2 — AZBIT 5
EEE |2 X 24 8AF LR SRS E DL 2 LTS SR
DD 5. KFHEIZBITLHIH X v & — VI3RS
TV —L7 4=~ MRS 720, JUHEDIHRS L
Twh., F7:, IEEE Tiin S LT\ % SIEPON [13] #EHL
D7 L—2u%&HniuE, ONU-HGW [ UNL 1 > % 7 = —
A& LTCHHB 7 Ethernet 7LV —2 %220 F FHHTX
b7, SHITHE L.,

5.1.2 Energy-efficient Ethernet

32 HiCHWI L7z EEE 3@ EHEGENDOEANHEA TS
TBY, ONU-HGW A > % 7 = — A~Dq H 25 12
Ao TETWwWA. 7, EEE T, EHEHFHOEENTF
#:& LT, Low Power Idle MiE SN TWA, 22T, il
HIEHR DR Y £ ) % ONU-HGW EENLH T2 LT
WHMEZBR LD, FEFTNOEEL LIEA L LN
TEhHLEEZOLND.

5.1.3 Link Layer Discovery Protocol

SRS CHHE S 5 Tk & LT, IEEE 802.1AB TiE
#Efl S 72 Link Layer Discovery Protocol (LLDP) %%
%. LLDP &, #fEHE 0K OTEHC R E i ilas 2 5l o

© 2012 Information Processing Society of Japan

WEMEANENTALAY 2IENITSONE T F )L
Td%A. LLDP Ti&, #LiREHE A IEEE 802.1AB D#EIZ
HERL TWASEIIBWTIE, 7L —AI08ET 215H%E
BN 22 ENTE2720, EWEIE V. LLDP #iGH
L, ONU-HGW HIEIZBIT A2 HEES 21 TR, K-
LAy PT =27 BT B IEHREEOFIHIRE IS 515
WEWEL, HOWELENLEEDRERHICE CIHTE
LUTREEDSH 5.

5.1.4 HRESE

ONU-HGW B2 B 2 Hl#HEZOEEL LT, ERL
ILEEPOESHAEHCCERTLITELEZONS.
COWE, FETOWEEAHICHEET S22 0%, £
72, MELAVICE DT VWE ZATUETAZ LIZL 5T
BRI R/NRICHIZ 5 2 N TELEEZLONL. L L
BS, ERON—FT =TI E ST V) k
o, WHEOS CHREN S D, HEI A POWNeH &
PREVENREEINS.

5.1.5 Power-line Communication

WM BEHEAE LTRHS %, B#HEE (Power-
line Communication: PLC) 25 SnTwb, —fk
ISR &1L, REHI Y2 MCEAOT ¥ 7%
RkiE L CHERETERT ALY, BHHEEERE
A7 LTHVELOTHEL. RFPFELZICHL, ONU-
HGW MICHkt SN EI#ME AL CHIEGE T % 22 E T
LIENHETHLEEZOND., ZOWE, BAFDET]
WEROLOIHATEEWD, ZOBRICIEEREFREH
I LT L L TERE G2 5 28R EEN5,
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5.2 HIEMES DERAME
HHOEEHR PLC # v s FHEICEHL TIE, UTP
=70V ERNCHTE SR & T B Z & TR S
TE57:0, RETFLOFAMRL LTI#EL TS, £
7z, EERIEAETE ARG T A 2 & T, 4 3 TikN7z Frame-
by-frame T O & HILEFM N OBH DT EETH 5 &% 2
SNha. MAERT 7 AY AT 4L LTI, B —
EDREN BRI Ty 7 EFETEDLSS VAT L
EOBMMENENEEZ 5NA. —J, ONU-OLT D A
) —FHIEICET A A v b=V EFVEFHEICEL TR
ONU & L ) #ERE B OFEH A THEHTE DT, 4 ETHN
TeNy 77 7 b= A —HERE AN IS E AT RECH B L E R
Sha. 72, PON IZBWT R @E X5 E % 086
(Time division multiple access: TDMA) 43T, ONU (£
FVES22ORIIHETESL LIRS T, OLT 251K &
NBEERH T Tl ONU ICBWIHIEDRER N Y 7 7 &
n5. LEx#E+ 5 E, ONU-OLT Bo A Y — 7l
B4 A Ay =T R WY 77 7 L — A —FEEE R
DWHIIET 72 AL AF AL LTIZPON ¥ A F AHHTE
FLWEEZOLNS,

6. A

W7 ARy T = OEELEENE L, HGW
L DHEHEIC L S ONU B ESHEAT & LT, Frame-by-frame
BRI B L U8y 7 7 7 L — & —FER i 12 o v TR
KL, BB BIRIEIEONL Z L2 HERIFEIZL -
TRL7z. F72, HGW-ONU [T BARK 73 T35 12
DN, TEREUREI L 725, KIEEDO 7 L — L5kl
WBLOWHLENRT 7 AT AT 4 L OBHHEIZOWTHH
HEFEE L CHAOE SR E AV 25613, il
15O EEEREEREW 2 12 Frame-by-frame fn &34l &
BAMEDTE C, WG SS VAT AN F L WEER S
nn. —5<, f#TE:E LT ONU-OLT Hfl#H X v+ —
VEHGVLEIL, Ny 77 T L — AR E & e
IZTPON VAT LIZHEHATAZENAREEZ NS,
LGth, TIATFHEZELE L) 2T, REFEOBENNHE
EEBRICES>THLNIITATETH .

7.

SEH

[1]  Yoshida, T., Kimura, H., Asawaka, S., Ohki, A. and
Kumozaki, K.: A compact 16-channel integrated optical
subscriber module for economical optical access systems,
IEICE Trans. Commun., Vol.E87-B, No.4, pp.816-825
(2004).

[2] Ohtaka, A., Yamaki, K., Miki, N. and Fujimoto, Y.:
STM shared access system for high-speed IP communi-
cation, Proc. NOC 2000, pp.110-117 (2000).

[3] ITU-T Recommendation, G.983.

[4]  ATHEE—, VR © B-PON ¥ A 7 4 OHE(LE)R & 4
BOFAE, BTHHOBE TS5 3 B, Vol.J85-B,

© 2012 Information Processing Society of Japan

[20]

[21]

AL Ya—v - FNAR&YAFL Vol.2 No.2 81-90 (July 2012)

No.4, pp.438-452 (2002).

IEEE 802.3ah Standard.

Tatsuta, T., Oota, N., Miki, N. and Kumozaki, K.:
Design philosophy and performance of a GE-PON sys-
tem for mass deployment, J. Optical Networking, Vol.6,
No.6, pp.689-700 (2007).

ITU-T Recommendation G.984.

TIEEE 802.3av Standard.

ITU-T Recommendation G.987.

Kubo, R., Kani, J., Ujikawa, H., Sakamoto, T., Fujimoto,
Y., Yoshimoto, N. and Hadama, H.: Study and demon-
stration of sleep and adaptive rate control mechanisms
for energy efficient 10G-EPON, J. Opt. Commun. Net.,
Vol.2, No.9, pp.716-729 (2010).

Zhang, J. and Ansari, N.: Toward energy-efficient 1G-
EPON and 10G-EPON with sleep-aware MAC con-
trol and scheduling, IEEE Commun. Mag., pp.533-538
(2011).

Gupta, M., Grover, S. and Singh, S.: A feasibility study
for power management in LAN switches, Proc. IEEE
ICNP, pp.361-371 (2004).

IEEE P1904.1.

Gunaratne, C., Christensen, K., Nordman, B. and Suen,
S.: Reducing the energy consumption of Ethernet with
adaptive link rate (ALR), IEEE Trans. Comput., Vol.57,
No.4, pp.448-461 (2008).

Blanquicet, R. and Christensen, K.: An initial perfor-
mance evaluation of rapid PHY selection (RPS) for en-
ergy efficient Ethernet, Proc. 32nd IEEE Conf. LCN,
pp.223-225 (2007).

Zhang, B., Sabhanatarajan, K., Gordon-Ross, A. and
George, A.: Real-time performance analysis of adap-
tive link rate, Proc. 83rd IEEE Conf. LCN, pp.282-288
(2008).

IEEE 802.3az Standard.

BPASRET, VAR, R, FPTIEE, R R, HA
EA : ONU-HGW ##12 X 2 ONU HENLICET 5%
i, BT HEEFE YY1 =7 1 KA, B-8-5(2011).

Nomura, H., Nishihara, S., Ujikawa, H., Tadokoro,
M., Sakamoto, T. and Yoshimoto, N.: Power-efficiency
dependence on transient response speed of optical
transceiver with HGW-determined ONU sleep pattern,
Proc. MOC 11, H-23 (2011).

PO, BEARE, SRR, HPTIRAE, R, HA
EANA—LF = Yo LEEELZZ ONU 2B 57
L— A —fER B0 L 2 BENCIZE T 25, HHHR
WEFRVY 1 LT 1 K%, B-8-6 (2011).

Igawa, E., Nogami, M. and Nakagawa, J.: Sym-
metric 10G-EPON ONU Burst-Mode Transceiver Em-
ploying Dynamic Power Save Control Circuit, Proc.
OFC/NFOEC2011, NTuD5 (2011).

89



[EESRIES DM >V —V - FNA &V ZXF L Vol.2

R E  (ExH)

2001 B2 HE 2R PR F BE B 500
FERH R RS RS T, AR
HABEGEER (k) At KiAMkE/
BREENT 7 LAY AT 4, 10G #H
T 7R AY AT LAHYERE IC Of%E
& T, BIEEET 722 L 2
T LB EICOWFER S ICHESE. 2012 4F 5 H &L ) IEEE
P802.3bk ¥ A2 7 4 —ALBI A F—TLF 1%, BF

HHuEfEY %, TEEE £#&H.

T

2010 4F g R SR S B B T 22 P FE R
s 1. [FAEHAEEER (k)
Atk k7 7RV AT 2B EIED
WHERZEICHEE. BUEICES. BT1H

ESHIEES ol

-

BE BZ

2008 4F- L FRRFR F R A BE LA 9E
BRERK TEERELIRERT. H4E
HAEBBERE (k) Ath. 77 v X
v b7 — 2 H LSI OF3ER 58 126
H, OB, NTT~A 783 AT 44
Y7 L—a YEFgERigE R, B

KNl 18k

2009 4 50f KR 7 Be Ak np B T
FFERHE BB L B LI RE T
FAEHAREEERS (k) At Atk
LHAEETI0GHENT 7 AL AT
LADEBEILOW TR IHEH. BT

HHuEEFaRE.

Al B

3 2010 4 AR I K2 K2 b e L T2
§ o BReRl S/ BT S s LR T

e ENRREER () A BE
o L ’Jh SoC DI FEE L OBFFERH 5 12 5E

F EEREEERAE.

© 2012 Information Processing Society of Japan

No.2 81-90 (July 2012)

\H ¥

2011 A B L3R FE R BE B T 2200
FER R LB B LA T, AR
HABGERS (k) Ath. BUfE, b7
7Y% A Ay N7 — 27 H LSI Off 5k
FEHESR.

HAf §&

2004 - HIEKF R B L R 7l
BRI T, [F4EHAREER (k)
Aft. GE-PON ¥ 2 7 2 DB ¥
EART, HIE, Ax— M7V v PR
AR—=bIAI 2T 420G E L
FTTH #812F8 3 2 WFERASS I e 5.

A BEA

1988 fEAb il KR b T2 7e Fl
B LggisLEMes T, T [
FEHAEGEER W) Atk 7o—-F
INY Ry MU= 7 FGEEAR TN
A A, WRZENBEHEY 2 -1 D
WFER%E £ /6 C, BUEIR KU REOE

TR AT AT AOHFEREICHESE. BTIEREEYS,

90



