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Abstract; According to the features of the energy consumption in Ethernet passive optical network (EPON) , this paper de-
scribed the actuality of energy-efficient technology standardization in terms of the standard level, studied the basic principle
about sleep mechanism in EPON. It also analyzed and compared the characteristics, performance and the corresponding re-
search prospects of the various specific ONU sleep control mechanisms in detail. It discussed and analyzed the green bandwidth
allocation and summarized other sleep control technologies. Finally, it gave the key research issues in future.

Key words: Ethernet passive optical network; energy-consumption; energy efficient; sleep control mechanism; green band-

width allocation algorithm

HAi, Rk & 55 NI R IETEHE G F 58 9 o [ AR
B S T S T R EE R A SR R 3 T A 3
Tl PRI 5L, 44 s DO 45 102 AR 0, 7 RO P 5 R R e g 43
B SR, N EH AT R R DU, F A5 38 T e A 45 1l
Ti SRR T RE TR, AR £ TG 5 Y S A s 4 S iy
REVRIMAEE K. AUMRAEWE  BRIR fG ML A5 3R Ak [n) B Il 6 i
PIRE A BT M A4 o 1 RE R AR 1 T
WFFEAT G o A MVE A I fa — S 7, K& B xR
ASEBOEEFF )7 (fiber to the home , FTTH) , #%F F HLAF P 45
PRI P A T 0, R BT 22 A5 A%, FLRE IR AR R &Y o
FASRLE L1 70% 1 EPON FIT-JK HLRRIC U YE 45 ( giga-
bit passive optical network , GPON) {F 7 3£ 422 A R 1) 5 F 32 37
FOR M LT3 AP A A 07 2, 39 BeOR B AT, 3L
EPON LUHARHEACHR B e 4 fa] 5 4 A RIS 0 A 2L
JyFeE FITH B2 S MEOR . B EPON 2 51 ML R
TR, A Ok B =y , BEAE [ ALK A I ™ o A AR AT A Y
25 1) BRI TFAE X0 AP R 1308 175 190 245 11 RE IR 6 2 DG F L, R IR
PON th ) BEIETHFE 7T LA — 2D 4R T) 587 e A I LA 0%,
HEERETEAR I KR

PON RGEMWRER AR Z RN T 2= AR T2 R0, R £

WrRs B HI: 2012-08-07; f&[E HHA: 2012-09-13

SR P e Z T RE J SR B )2 1 e U LA GR B

R Sy VAR o .7/ B (= RN W 3 s e =37
T, 30— S B A B4 R R T R Tk A
DL R R BCR T B A 0 Y RE R, R R A AR O
WU R HRE S TR AR, i BE e AR Ak AR
o T EIRREH)Z T RE T X EEEAE EPON A A
P2 ( media access control, MAC) JZ il GPON ] 1% & 1T B
(transmission convergence,TC) J2& | 3¢ = &L 14 15 BRI 15 P
s, Hodr, ONU PRI 7 3B 24 ONU s (il 55 3t Ho A8/
Bt HL Ak T P R AR 245, 2 04 iy 5 2 S A — A Al 0
FEFIR G AR 1477 B 7 20 MR IR A 33 o 4 B 42 1 485 5 T TR
AL, Kubo 25 A J5 56 R T 1 385 07 i [ o 4 4% ok S B4y
A8 , IR Hf8 2 115 o0 465 114 3 e 1 3050 7 3t 1) 8 R 55 22 VA 1Y)
FERHE R, Z J5 HaE— 2548 1 G-EPON 5 10 G-EPON JE 4
PO 2% 25 ) e R PRI TR 5 1 305 A% B 42 T AT ) 45 45 B R A AL
I TR

1 PRERT BER AR AL IR

UEAER , 2% [ Prbn AL 2L Gy Gy B Rl i 5 | A —Fh B3 1Y
RETRAE AL ( energy management mechanism, EMM ) 5 i /b 4%

BEEWMB: T i A2 A2K 85 B (F2010001045)

PEER T ALk E (1970-) , 57 , AL HRIRA, 2, A5, £ (6 ) ,CCF 2 R, EXMAH AA T —RARME LA R E M % ; DAk (1987-),
o, FTALHRIRAL, B BT R A, £ BATR G A R BN 4 (fengnan65@ 163. com) ; 3K HL(1987-) , B, i L HRIRA LR A, RN AFT &
AT —RAME;IRA(1986-), 8, M EA,FALHRT L, TEHEF @A T —RKLM%.



- 662 - it o E R B R

#30 %

AFLE M RETRTH FE . & 0T LR X R () E#E [a] 1, IEEE F
2010 A4 T T LUK 0 45 BE AR E TEEE 802. 3az''™> | 22 il it
SIAKHEFEZS N (low power idle, LPT) $ 53 FRAIK LA K P 45 %
HIREIRVEAE. SR, LA 15 e AL 6 AN B B4 W H T PON
RGBT LSS PON A B R s 17 et AR AN o

ITU-T F 2009 4£ 5 A % #i T % F GPON [ G-sup-45 4%
WO AR R T ONU JRHR 45 B HAT DU Rk =X, B ONU
LU AZ PR JONU {35 L ONU TR RHR AN ONU RH R IR (-t FR &
HIAIR) o Horp, ONU BB R IR 2 B R 32 AT 1 AR
ML A L RS2, S PR A R 1R A H — M S 37 (R SR R PR A IR
R A LR RIRAR L, LA, G-sup-45 FRIER I E T 5L
i 2 19X 245 i 2R 2% DO AR MRS =G e 940 % v L AR ) 7

ITU-T 7£ 2010 4F42 H (9 G. 987. 3 k"™ dr%f %t 10 Gbps
GPON( 10-gigabit-capable PON,XG-PON) i X T GPON Z2#4 i1y
fERIIC R Z, AT T XG-PON 1Y B8 TR & B R A S B i, B 4%
ONU B30 B PR AR IR e AR X b B R M RES B & B FL &
DL ] OLT 1 ONU RESFHFTE IR B M 255 Hop, FE WS

Bz 1 R,
# 1 WHERA T ONU & OLT S
2 BUA
T e et PRIy ONU ASH} HIH ) 1E 36 T A0 ]
Totee et PRIy ONU A< i i 5 PR
Thola ONU 3 IR fy Ko ]
T tarted ONU WA OLT HyBEREEACIT OLT S5 s LI i
T OLIT {RHRAR A% 4 51 1 3 T AR 1]

ITU-T 3£ F 2010 4F 10 J %4 G. 988 5kl (XG-PON
ONU & ANl 3 1 8 AL E) , & LT ONU 22515 fe 48 il
Pl S AR B TR FIAH S8, LR TF GPON 1y ONU fR
M7 A8 7 X 2l o M 4% A 9 B Z B RS B R 4k P B
(PLOAM 15 B.) A HEA TR AR ) B 45— 2 51 A IR A i

#ZE B W7, IEEE %46 1954 EPON ki IEEE 802. 3av' "’
B E LT ONU 1797 RE4FAE , {2, 7£ TEEE 802. 3av
TAE RS WA T X ONU 5 AMRIh 3RS,
I EARH A T EPON HRHR Y BE A A R B,

2 EPON {RER T REE AR I8

7£ EPON R4, ONU 2 2Ly e Wb s & ST L.
b 55 M A | s g B MAC 5 TR A H | H A8 B LA
Bt DR SR o ol 55 a0 4SS e o 2 P of A0 1) 486 14
b 55 i, 24 ONU sl 55 i 5 il A2 — 2 I A5 R I il Dl 4
HRCHORE FAT b FATEAR AR BAL 1% 2 MAC #E 8 , MAC 4%
THASTH R BT 18 4 I3 425 oy o b B A7 e B ONU sl 45 7R
ONU fAHK .

EPON (] ONU fRIR 1y BEE AR 55 GPON AHSCARMEH & M
B ONU fRIRASE 20 AL B A — 35, FoR S AL S 8 L 5 ¢
P AR E R 1 DU R R IR S . 5 GPON Hr S AH [R] 119
J&, 7E EPON o ) R MR 18] B 45 H 14 2 $ iy 45 i 28305 0 [EEE
802. 3ah/av L 5E (Y MAC 245 il B BP 22 f50 45 il BRA8 ( multi-
point control protocol, MPCP) {5 &, , A /& GPON Hi() PLOAM
G o MPCP il i) 4 i T2 UM JEL (Gate) 3 SR {5 L
(Report) #47 OLT 5 ONU Z [H]JH B i &4 4l . EPON fyfk

R R R AL BT LAy ONU Ja] OLT % 3% MK IR 5 5Kk ok % i Al
L ARIR 7] DL Hy OLT & A2k ™ e 1 R,

ONU OLT ONU " §OLT
f
ONUMRIE R
B Y i ¢
OLT PRAR { Gate g
PRIR Cate | BFF ]
R [ ONUMMER
| ONUAIRHR | e
W IR { Gate
gl = Smns |
—— Report | %’ E4ER
| EE

(a) HIONUZRBIRIRHLHE] (b) HOLTRRERIER
E1 EPONKHET RESLHI

B 1(a) H, 24 ONU [l 55 s IR W 0 22 495 9l 55 0
i /& ONU [PARIR A LAG L ) OLT & 3% i SR AKHR A5 L, OL £
WCEIRIRTE K 5 B )5 fuisF ONU fRIR, ONU 2 Eizd8 415
BUE AR, ZEARBRIYIE] , ONU [ oL AN % GBS 56 A
AEATS SRR 2 I A 5 W 0 9 DI i, A M P 2 ) B b 4 5 T
ONU FOPRHR T4 545 AN 1] o 632 00 2 1A PR RS B[] 45 7K 22
HI,ONU N#SH B b4 A 3077 A — M5 5 5 M IRIR S5
HLUR ,OLT %1% Gate {5 .45 ONU, X i} ONU 5 - £ Ui iy
Ao A UL ONU Sid/hif 2 IRIR £, W B4 m) OLT & 3% Rl AR
KRR, OLT 2 Ycii =k 5 8. )5 FIWT L i ONU fRAR ; 75 00, 7
UL ONU AN 2 PR B 4% 02, J00 2 4 57 B ik 62 9 1f) OLT % 3%
Report 3 BUFISUHE {5 B . 7485 Frp, 5 ONU 3 B 4 3%
A EATI5 H84 OLT 5 ONU 4K 50 ms'"* {7 Bk 47 13k
JE S R SR — A A R T A, A U, OLT 2 43 50
ms A — > Gate 5 B, LLAEIE ONU — B Ab T 1E % 1 4 %
1

B 1(b) H, 24 ONU FRHE i OLT o PRAR 15 8 A g ek &
ZEE, ONU B 4G50k B OLT AYPRHR v 4 I AMRIR A2, 48
JE AT S B 1 (a) HIBLA S s, OLT B2 0 R MR 3% 3R 17
JGi fuiF ONU fRHI , OLT [l it i ASE 235K 31 ONU %% F
FE¥H o # A~ ONU PRI IS i b, OLT H R T M 2% 47 T 47 %%
i, B %) ONU SRS A &2 174 45 ONU,

3 EPON {KkBR 5 8845 I ML

B 19 GPON {RIR Y bR #E B T 48 H T ONU R AR A =
DA e AR R A0 R R MR A8 X v (1 LA 2 400 B & OLT il ONU
AR A 22 1A] B B B HE 2 5 EPON f9 4 o T4 L 2 7 ol
WIH T X ONU 5] AARBRALH A SZ AT RE . (HIEArg X S pr v
BRI B HAR BRI e AL . R IR ABIEST
AP AR BRI T BESE AL X F PON (15 fE AR IF 5T B
3.1 EATHGOEENES TS0 08 B AL

Yan %8 A7 4 EPON 5| AT EMM HILIIF H A% T 9
FA R A AR BIR AL A, B F A7 b0 38 BEHL ] (upstream cen-
tric scheduling, UCS) F1 K 47 Hp .0 8 EE MLl ( downstream centric
scheduling, DCS) o {AHIR Ji 91 H 114 PA IR B[] 760 T A= B[] 36 A4 3
PR PRI 33032 rp a3 A 3 . UCS IR BRI P 2 (a) Br



%3

AYE F AR MR IR M % ONU AR AR AR - 663 -

i, A AL, X LIPS ONU i, G 3278 Gate {58, R &R
HEE R, d Fm BT LN ATREUE . % HL Hh OLT 7E ONU
PRI N A7 T AT i, AR B 4% ONU (9 AT SRR 48 1)
ONU, DL B2 A b A7 B 7% i 2l 58 K o O Ak 48 i PR R A 39
ONU W7EHE & i) AT B K ik FATH

DCS L A AR = P 2(b) fis o L bR A
& EATIRIRAG B Gate f5 RRASL, N5 18 T AL 55 19230,
BEIA T A4 ONU CARFFEC T A7 8 1) Gatey £ B (4]
T Gd SRk FR) | dd FoR BN T 478l , b (s S 8n 5
(a) Al P, H 2 OLT %ik TAT IR AL, ONU s 25057 B G
HAL R , b AN TR ONU (R JH 4

ONU2 S - ). :
(a) UCSHLE
RIGI[CR[dIGAdd[G2[d[CdL [ dd[GL[ dd[GI[ d[GZ[ dd ]
OLT e TRIL @ [\ R |d ] Ri d 7
A\ N Y
ONUZﬁ
W GO pgRCAd]  [CRIdd] jp G ;

(b) DCSHLE
B2 UCSFIDCSHLE

UCS J& DCS WFRIL | i) &2 288 B2 AR R B4R, B & M
b 55 R s AR it RE & % AT R R AT BT 1 Al
S5 TR MR A HE 2] R AT S i K F B T,
MR UCS Bk T M AT (G B R E 2S5 1M
TR E A A 0T AR 3% , RO G SR A P A B4 IR 95 I 4 (quality of
service , QoS) PR 4 1 L N4 THE I HLA SR R AESR o

K F DCS AL, 2 F ATl 45 it it b 47 i i 2>, ONU
B —EARYE LA R T TAERE, RA Y OLT b T84
FATEER PR BT ONU A 2 ik AKIREES . DCS L= —Fh
FRRIGEH T ARE B R T TS R, BT
ERTHARAUE R ATk 55 T SR AR 2 1 4 I B A A BE A, 1T B
AR UCs,

ZRA kR, UCS HhF AT N AT 07 [l B4 (4 4 i) ) B 2
MITTAT L3545 B8 Z i RE &, 10 DCS AT IR 5 43 i 45 1 ik
JETEATIY QoS 7K o
3.2 LEHREREHIFE

T IERIRATRE M EPON R4, X ONU MARHRIR S 2]
TAERS AW BT, 452231 OLT 5 ONU 2 [f] i i)
BhIFIE . Wong 45 A £ 56F X — 0] 181, i ik 8 ONU 1 B3 A,
P R B2 68 0 R R R B 2D ONU AR 2S5 46 1 ) [v) oF
B, & 3 FiN o

V. 5: 3% 31d PRIR BESh [P | Rk
S wE WE| iR

E3 ONURAEHHA A
It H. Wong %5 A48 H T —FloB7 i 52 B PR IR 42 i AL ) (just-
in-time sleep control, JIT-SC) , ZHLHi|Z% & T OLT 5 ONU 2 [4]
HHB A4 P B ; ONU 7E OLT 48 & A B B P9 2517 KR 5 3805 IR 2

ONU

t

Z R4, ONU Wi 1) OLT f Gate 51 5 B LU , BV AT 35 4%
ARASHERS St A (9 I6F 1] 75 8 5 24 ONU f&edi b AT 2 45
WLAJG , ONU R FFPRBIRIF A5 15 T YA v 18] 19 215k o

JIT-SC HLH R AERRE /9 ONU ZE44 R $2 H 1Y, 1AL 9 5
BEA —RE R AN, (B2 BT LU A ONU fRHRJE . i
FAZALHI Y Gate {5 5% OLT 7€ F—ANJE i vhi o 2 2575 9
4B (dynamic brandwidth allocation, DBA ) 2 331845 2 11, 1%
AL (A7 5 2 T 0 3 0 HE AR5 1 1) PR BT[] F) 3 £
b 2 AL R A3 AR AE TR F ot A B 00 o B ok Se B
EPON H (AT L1 BE
3.3 {RERELAIRY MAC EiEHIF1E BEALE

Zhang 2 \ P14 1 T #E 1 G-EPON #1 10 G-EPON &4 ¥
25 20 AR MAC JZ AR ML . Z LR T
B Z R8RS ONU 1 R RARAS S :a) KT —> DBA JH
B IRER , & 238 5 12 B — 4> idle_threshold )] FRAE K £ m
ONU {RAR A f5e R4 22 25 PR B i), {HL 5 R 19 PR IR B (1) AS R e 5
50 ms, B IEHEIAR T EOE RS AT — AR BR B B R b) 2 — A~
DBA A RRIR, B 245 ONU Jf i X OLT |35 Al ONU
Bl 55 R A T TR SR e — AT BRAEL, AT B BRI
B ]

PRI MAC PhBEEFIHLA] H ONU ) 4 — 4> BE IR %5
BT ONU NABRYRE R 2 75 40 F 4T IF FOC AR I 2
FFEE o fE—> DBA {RERAS B I AR L4 X F—> DBA
JELHAET v DU ST B o AR, 76— DBA JEH YRR H
ONU 235 B Fiy e P2 s, 208 38 e i , 448 7 e ) R 908 75 S 381 3
—B AT T AR SR M P 0 K 2 3 B R 2% QoS 1T [
AL A 16 BAR AR SR T & 5 BRI, A 45
X F P QoS TR 2 o BRI, % F BE VRSN ) MAC 3
WX o 245 114) EL AR 1 BB A i 5 20— 25 I BIE
3.4  (RERFAEHBMEMREE AL H

Kubo % A 42t 775 PON rf HLA7 I A5 B R 493 7 A B
1 E 3P i (sleep and periodic wake-up , SPW ) #IL#i 3f 52 21 %5}
PRI I o SPW AL B &7 AR IR AR 25 5 g
ARBFFEHAFEN T 7z B e A5 i T U A
A, 14 T o A R 95 S5 0 11 R e 7y 1 ok i3 B ORI S0 o AR T 8K
FH5 . ) R SEAEL Y PR B JT SR 45 o R U8 TR 58 SPW P R EE A
BT 4 1T BRAEL I 0 A I P I S0, BRG] S0 it o5 i 0
V1] % P9 B S T 728 A 5 35 R 55 S5 B SEARL R ORI ] 30 4 i 5
FEN 585325 1 T 55 AR SS9, B PON rhoR a8 il 55 43 A\
GG, TR LS 55 B i i 2 IR JRL A 1 SO RB AR e ik
P, Z S5 BT A R AR G0l 55 7 43 51 % 1o 1) AS [ P HR J) 380
73

SPW Ll 2% 1& T [0 28 PR 285 I 3 4o £, 3 35 ] s L BA B
BE RS S AR B EARIR R . 5 HABRIR AL AR b, Hoi
FHENILAUEE AR T DBA 535, IF H2% 18 Tl 55 5 900
225, WiE 4 EPON R IR ML A2k, (5 SPW Bl o OLT
P REAV Ay sl i i A7l 55 8 B2 AT 325 R SEE 3R B i sl 5 1) P
RPIRENG, AP ZHLEI AR A 14709 Report {5 B F 17 R AR A
s AESE R g5 I UL ONU JE 3% 37 B4R AT SPW
BILH , 3 e S AR B e AL Fe WF S O 1wl o



- 664 -

it E R AR

% 30 %

3.5 ML HLH

Liu 25 APV G2 4B HEAR SR T 3 F 4745 96 1l R
[ ONU X5 ffy K I 222 #1 L ( downstream-bandwidth-reservation-
based accurate ONU sleep control, DBR-ASC) , iZ #L fil [F] B 4 X
OLT F1 ONU P , i 48 90 2% G i ACKE 5 A A by — A~
LA HE 5 AR 8] 3K S KR A0 I S AR O, 1 PRI R [r] , DA
1134 %) ONU RSB RIRFEH 09 H 19, ZpLH B & 4 iR
&l 4 d RoRICRERZ RIS, NCd 2R0 8 H 44
T AR, X 1Y Gate {5 8 AL E T T — 510 A A 3
BTFE—> ONU 1 Gate {5 B, AT AL A B LU S A0 A%
R IF A ANZE SRt R] . 3833 DBR-ASC HL# AP &, E L5 H.4
AR TG —> ONU [&E 5 14 1% 4 I B Y e, DA s 20>
T ONU H2WSHLAT I (4 s [1] 3 2o 477 B9 UE T i 48 118 WLl 72 Y
2R RESE T LA R REAE AR A5 5 1 4 A 28k o

oLrB [CId ] [C2 d [ NCed& ] [GII 4
™ RI| d d p
%

ONULyy GI[ d \ NCd ] [GI] d ] ¢
% o g \ Sebte

ONTR,~ —i 4 I NCd] ;

4 TR S HDBR-ASCHLE]

b A

(BRI A2 2 o Y 5 G B B R 2 A QoS i SR N A T
EPON ra] g i /b OLT ()& 43 HL &% ONU f e L i) T Ak
(], AT S5 B 5 28 5 T, SR P O 2% i e 2 AR L R 10 45
AT 4R R 2% B PERE , E— 20 il i U EPON A
£ 190 245 2 0 e 0 AN T] 1 B 1) 8000 40 R A7 2/ it B A S8 E LA
PON FRRRZM o Hhy T 19 45 2 B £ AR 7E TG LKk 0 26 T2 46l 55+
F 32 L K 19 2% g A R B O 5 B TIR iR AK
G510 [ SR AR B BAT R SRS R B LR
Iy ONU PR TS BE42 il AL il 2 1) 000 = A [] 1) £ B8, 72— 2 T2
JE EARSEL T 7E EPON FR YT RE, ENT7ESE LR AR |
ERYCB AT Y RERCR IR 55 R ORI LSRR B 5 R B A
J7 R LB 2 H TR o

TR F b 3R LA 2 ) R B AL R B BF 5 T LA
EPON ) REIR AL A L) S QoS FR TE 2 45 PRI 42 i AL ) 114 P A
FESEPR. B ONU JRHR T REFE HIHLE] A FEAR SO 7 1 >
FOREAE S B S 2 R BE R U AT REAE ONU A PAC B PR (1] 325 1) ¢
K, I HLBUR AT RERFI I P28 QoS 3K .

_b3& UCS \DCS JIT-SC AL | 164 2% 2 5 15 BEHIL ] 5 X 1o 4%
1 REAI A % I 265 P B )2 MR AR 0 T 9 2 D 5 2k P bk
1) ONU PRI S 31 , dnfig 7 bR AL b SR T SE 2 )7 5 20 T 3

W2 B (5 BB I LB R, 2 A (R O TE ol AU T RERCR S QoS X MIAMPERBIR bR L M 22
F2 zegt ONU RNEFE DL LAk

L4 HARE ERM ETA HEAUR M55 Qo) Gl

AL 1 fi o ik # BT DBA W IER

TR 1 I HERELT SERK i # HRIRIR

FeRRIR ] H B PR kit DBA i o DBA ik
PRIRIEATHG MAC B # B3R 51 # i DBA 1K
PRI B EeRE (SPW) B i AHcli DBA  fEAESE R LS i i gl 55 D 2L

I B # Stk e # # s GG

4 EPONZBwmomRER

41 FETEIEEEZELAEE
AT [1] 15 B B9 7 T8 49 BC A8 1k BR M 4% €2 7 UE 43 IC ( green

brandwidth allocation, GBA) & 3:P"1 | {54 EPON w4 3 iy 45
T 43 WO B AT LA A ) 2% 1)y 5 ) T3 AR 24 A 38
PR LG A S . GBA (3L AR JEASUR 7 57 7R 1L S 9
HeF FE At 2 b, B T B AR IE P 45 i M BE LA AN, B ZERE A I
ONU 5 BERHE o

EPON 28ty 58 4 BB 15 /2 2002 4F Kramer %5 A 4i
B4 (8] 46 &) 81 %C 1) (interleaved polling with adaptive cycle
time , IPACT) {2 254 98 /3 BL . £ T TPACT Bl 2 LY
GBA B AN Z IR T BAT I ) L 58 0 e, ORI B IR R
13518 B RAE 98 Sy TE IR U o SCRR[39,40 T 428 iy 1 —Fh 0 ) 4
W30 DBA 5135k 64T EPON 35 RESEME 191 1F. & 5145
EPON 1) DBA 53k i KA Rl Z A 7E T, A8 AT AR AT
PIAST7 1] AR T R R i 90 20 TE , BIVE R AT 7 1) B BT A
[ ONU, OLT 55 ZEHEA T AN [R) K B At , IR RT3 4 180 19
T B> ONU 4p ey 58 SCHR oS 42 H i 80w 42 98 Y
DBA S 7E I ] MATLAB #5284 57 & EifAT T i 55w

UE, UEBH T 5 A8 7 28 19 At

i, GBA Sk B A AR AL 5t AT DBA B33 LAl
Z BFRA 25 SR AT J ) B 58 43 EC SR M, DCS #Li . DBR-ASC
HLHIEBTT /AR B T 53X — AR
4.2 GBAEXHE

1) AR Y5 58 43 Fe i) 7 =X

a) B E GBA Bk, [& M 58 43 BBk #3285 43 e
BT Y ONU (Wl 55 3t /N — & (B fff ONU Jifj 31 1l %
— AN E R BRI B JE e . Lee 25 A 4 T EPON i —
T 24 1 BEVRER N 1) MAC P, & 1145 ONU £ 1E# TAERL
TR DBA S35, AR AR AR 3 T R FH 1 2 9 56 4 B A =X i

ARHZS A TE B SR TE R Bk T R R M 4
QoS AYFFK .

b) 7 GBA 5%, £ EPON v, 8 4% 475 58 /) Fic (dy-
namic green brandwidth allocation, DGBA) J& % 37 7 IPACT B 1%
Z IR R . ERIREEIS R AR R R R S AR
M PRI R 42 15 8, SRS TR HESE 24T DBA Bk LIk
SRR RERY H 1o

Kanonakis 25 A "> #2117 —> 1G6/10 G-EPON H /)N it
[ 7 HF S8 A0 PO R S B — A B IR A A I B 25

f AT BC I B2 B0k, e AT PR IR I PR A [ 4 5 114 00



%3

AYE F AR MR IR M % ONU AR AR AR - 665 -

B, 1 A—Fh sh 25 0907 S HEA T IR, T £ ONU 4k T it
] FPRBRRES o WL B 755 A~ PON R GE/E AR T 190 4% 171
BRI BT R FB T 45 S L AEaR

2) KR4 ONU _bA7 F 4 e

a) PRIRZSHUG H AL o X P B0 245 — . ONU i,
A L BB A7 AE ONU N B (5 B o XA oL Tk T
W 24 B ) 255 R 52 f9 ] R84, (EL 76 EPON o 32015 5t
T2 OLT XA ONU (R IR I 18] R 4745 1 1) [R] 48 - R 2%, LA
WGP R 24 ONU SE 5 (5T 1 wh 2

b) PRI SR 5 (e o XA B 245 — B ONU Wi, ¢ %
TE_EATH I B RAT— TR IS5 A7 OLT M4, X Fii% il 5
BRI SUA L, A7 OLT 55 ONU 2 )RS o Hu [7] 25 , (5L 2
BT 25 AN IER | PR 7R 152 B R RO b
W2 —E m A

Teie bR —Ff L4577 2%, ONU ZE 4 3] OLT 124015
L2 IS e S 23 DRI I 7133 A2 PR S 1] )4 0446
# T ONU 35 AT 45 o

3) MR 7 SR 55 T ) 7R

a) & QoS I GBA 9%, T QoS fiER) GBA ik &
B T R 0 BERE, H UCS B LA 1 GBA Bk
T, 200 7RSI IPERE TR o T 4% (1 RE 32 BRI BT 4T
B ER BB AR VR A R 2 G0l 55 S i X
ANJi T

b) A QoS fRIEH GBA 54, 4 QoS ffIEH) GBA ¥k 1E
B ARE 2 5 Xl 55 19 75 SR 840 % 18 T M 4 i Pk B R
DRI, 76 OLT Hh SR 516 2 1 HIE A B 8 2 3R F 2l o 1) 40 94
AT LA [ 535 107 e KR 45 1) 4 I 45 5 20 1 ) 4% 70 2 B o)
e GBA FVERIARES R, LA B4R 5 15 RECR IF 1 . QoS 77
SR Y.

S i — A, Sankaran 28 AP g T — Bl Z00% ONU
I 0P X B BT, B I A LE ONU G2 47 K00 , i 2 18
ONU ff) 835745 M AL AT, 3F H. 24 HLAY 24 ONU 75 B4 Kb
I 2R3 A AT % . R OBUT GBA F ik, HAE i/
A EE T ARG B 90 2% T 1 R PR 4 0 1 B R 7 B4 SR A I
PR BIE R AR M VETE T — AT 2 W FE 2 9
4.3 GBA &&i&itEM

Jeie EPON A BRI 4 28 il A5 4k , sl 8% ik —
it ONU PRER I HL] , 7E35E3T GBA 55 P40 107 AR — 2 1oy v
W, H S AR LA 7T -

a) BT e B A Bk N R R g MPCP, TG g B
ERERR B2 SR BEAT YR, BN 7E TEEE 802. 3av Hi
PRUESL T 9 MPCP,

b) ZEWE AL a) ARSI R 3 I B 7843 e A 28K
POFIEAE RN Y DBA Biiscit. #ifRes ONU gedksiiy
G R 0 AR o 3B S g, ZEHS SE R R HE IR L FE R )
By Fr AT TAIE R 28 A PR RE W5 L 2% QoS IREaR

) TEWR AL b) Y EN T, B 1 B ik R 6 7576 GBA A
ONU FAMR ]S T RE IR B A, B A5 15 B8R 15, 3 AR
.

) TZEW L o) BOJENR  B pide bHin BE 7543 JE X I 46 rh T

FE77 10l 55 R BE 7 GBA B AELR G T BAT T 1M 5 R AT 07
Dl 45 R LG, T BERICR LA B 9 45 ) A 55 o B Ak S e

P, — i BT GBA Bk i ) S A T e R B0 hy
DRI 2

a) 25— A TSGR 1 48 3R B3R DA S EPON v 4 5 1) iz
55 270 (] R 5 R IR 5 O AR 5555 )

b) OLT KA 50145 , S5 Rr B O SR A5 2., AT LA 4 vh 20
SERETA R B ONU (135 3R 15 8 LA G #EAT R4, 7] L J2: g
W B — MR AR B R T AL

) OLT A4l FATH 92 MR 1438 ONU 43 Bc iy EATAHY 98
KN

d) OLT AR4E FAT48 o X p (8l 45 i 315 ONU 4L
TATHETER/IN, BIFEC A3 AL i) AT A4 9 3 J3 R B At 15 Py
GAFTE OLT [ FATHUR A 5 H i) ONU;

e) BTSRRI BB ONU F AR IRAE 2, A= B 1 1) 47
BUE B IEH A B AUE B 5 FL I 21, 15424 EPON ) i
A ONU %3 A5 5 ORBI st o] (4 28005 3

5 EHARIRTBEREIRIT

EPON 1 ONU fRHRTTBERR T L id JLF ML HS ONU A R F2 il
ML B HAE SR i Bk GBA B4, 8 H i 2L Ty e
PRV s AT GBA 23, Rodriguez-Péres % A\ 1T
— BRI T BRI 0 ATy T BRI SRR T
RGP BURT DBA B35 1481 T ONU JRIRIR S 5 1E %
RIEFARRSZ B 72, R E AR BN TR 1 TR
THET, ONU 3 AMRRRIR S 5 380 1 e A8 A [] 79 1 BRAEL R /N itk A 7
T AR [ ) RV RE AT 35 40 A R S R B 9 0 ELBG IR, 7
PRIE P Z5PEBE AT T 3530 15 f.

Zhang % \ MV BT —Fh i 1) ONU ARBR 35 g 62 o /R B}
REE M REFEAERY AR R A T AR MEDR L, & 4 4 OLT
H1 ONU g k75 AH B [ T A7l 55 98 B AR IR 5 il , ONU JE i
A7l 55 0 g 50 B 1K B0 B0 XS /T ONU BAFIIR &8, I AR 4% A &
FA A R R DU 24 T A IR &1 301 ) 91 4% 5 [R) 4%, OLT [R] B 2 AR i ONU
PRI 0 TR0 L 22 475 3] v Y R A7k 45 T 2

Dhaini 25 A" 1% ONU fpRHR 35 B 77 =X, R 1 8 5 %
(AR AR, 3 o 22 T R — AL A7 A i, ol T
A BAE A Sk AE RS AR 22 o) 40 A U B8, AT A 2550
Ui/ T ER RS A s S R B TR R o AN, SCRRHR R TR
FEREENT T ONU AR S [RDRS 8% 174 gt A 78, ) R HEBA IS B8
SIRTFEIER T 2% b 22 BRI 55 4544 B4~ ONU fHE A ZE IR
T A5 FARHR S 18], T35 BIRIR T BB 19 H 19

6 ZRiE

BA& DL (VOD) (i AL (HDTV ) X 45 [ 2% (P2P)
SEHTRIZ AR 55 A UG I, TP RS T A 0 286 947 5
SRR , S F &5 43 52 TG IR M 45 (time multiplex pas-
sive optical network , TDM-PON ) #fe ¢ L3 2 FH P ok, Rk,
T PON JE: LI B A 8 A ) TDM-PON i 73 &2 F TG It
4% (wavelength division multiplex passive optical network , WDM-

PON) | B 43 5 3 4318 & JC U5 56 W 4% (time wavelength division



- 666 -

it E R AR

#30 %

multiplex passive optical network , TWDM-PON ) DI M 1E3Z 45435 H
JGUE R 2% (orthogonal frequency division multiplex passive optical
network , OFDM-PON) 403% , ZERRIB 52 FR |2 1 IEAEZ A K
FAWEIE ok AT A R R 45 40 9 — 1% PON B BEAE
[ REASASUB R T 20 J2 T )39 BB A AR OR R B2 - o A T 1
25 DL B T SEZE TDM-PON AR BER SRR S b 2L
TEFFIAR IO 28 SRR WIFTEAR N 55 RERLAR T W0 2% 14452 B A ik
TTOIRER G LI D M 28 B2 % H o

AL 5] EPON Ht ONU ARHR 55 BEBLA , DA ] 0] 7 %o 14
2% vh ZFP LR ONU PRER P H BIL ] M (17 98 73 B 1k kA 7
TS, TEMHERL b, X T7E 10 G-EPON Hhi i — Ffr il 19 2%
TR AL R B A] LI RE IR0 BHR SR PERE LA B X 2
S 55 Tt SCARE Y ONU PRHR T Rt AL k) B 1 1) 5 43
BCHEi% , IEAI T OPNET ) 28075 B0 HgEA 707 FLSE B, X 40
K AE R4 R WEFE I e

%k
(1] &k RABALEFFE G EB[)]. 126EFEFHK,2012
(2):4-5.

[2] #WE, @R, WA 7 E R A 2GR0 T R ALH LA Fo 3R A
[J]. 3 FEAUE 4R ,2011,34(4) :593-612.

[3] GUPTA M, SINGH S. Greening of the Internet[ C]//Proc of Confe-
rence on Applications Technologies, Architectures and Protocols for
Computer Communications. New York ;: ACM Press,2003 :19-26.

[4] BALIGA J, AYRE R, HINTON K, et al. Energy consumption in op-
tical IP networks[ J]. Journal of Lightwave Technology,2009,27
(13):2391-2403.

[5] LANGE C, GLADISCH A. On the energy consumption of FTTH ac-
cess networks[ C]//Proc of Optical Fiber Communication and Natio-
nal Fiber Optic Engineers Conference. 2009 :1-3.

[6] VALCARENGHI L, CHINCOLI M, MONTI P, et al. Improving en-
ergy efficiency in passive optical networks with service guarantees
[R]. Pisa;Scuola Superiore Sant’ Anna,2012.

[7] BIANCO C, CUCCHIETTI ¥, GRIFFA G. Energy consumption
trends in the next generation access network: a telco perspective
[ C]//Proc of the 29th International Telecommunications Energy Con-
ference. 2007 . 737-742.

[8] IGAWA E, NOGAMI M, NAKAGAWA J. Symmetric 10G-EPON
ONU burst-mode transceiver employing dynamic power save control
circuit[ C]//Proc of Optical Fiber Communication and National Fiber
Optic Engineers Conference. 2011.

[9] EFFENBERGER F J. Opportunities for power savings in optical ac-

cess[ EB/OL]. (2008-02). http://www. itu. int/dms _ pub/itu-t/

oth/09/05/T09050000010006 PDFE. pdf.

X EA RS, F R ENRE T R ARG R[R].

R B AR R, 2009.

KANI J I. Power saving techniques for optical access[ C]//Proc of

(10

—

[11

[

National Fiber Optic Engineers Conference.2012.

[12] WONG S W, VALCARENGHI L, YEN S, et al. Sleep mode for en-

[

ergy saving PONs; advantages and drawbacks[ C]//Proc of the 2nd
International Workshop on Green Communication. 2009 :1-6.

[13] KUBO R, KANI J I, FUJIMOTO Y, et al. Sleep and adaptive link

—

rate control for power saving in 10G-EPON systems[ C ]//Proc of the
28th IEEE Conference on Global Telecommunications. Pisataway:

IEEE Press,2009 :1573-1578.

[14] KUBO R, KANIJ I, UJIKAWA H, et al. Study and demonstration of
sleep and adaptive link rate control mechanisms for energy efficient
10G-EPON [J]. IEEE/OSA Journal of Optical Communications
and Networking,2010,2(9) :716-729.

[15] IEEE 802.3az, energy efficient ethernet task [ S].2010.

[16] ITU-T. G. Supp45-2009, means and impact of GPON power saving
[S].2009.

[17] ITU-T. G.987.3, 10-gigabit-capable passive opical networks ( XG-
PON) : transmission convergence( TC) specifications[ S].2010.

[18] ITU-T. G.988 ,0NU management and control interface (OMCI) speci-
fications[ S].2010.

[19] IEEE. 802. 3av, IEEE standard for information technology : telecom-

[

munications and information exchange between systems:local and met-
ropolitan area networks-specific requirements[ S].2009.

MANDIN J. EPON power saving via sleep mode [ EB/OL]. (2008-
09). http://www. ieee802. org/3/av/public/2008 _09/3av_0809 _

[20

—

mandin_2. pdf.

[21] YAN Ying, WONG S W, VALCARENGHI L, et al. Energy manage-
ment mechanism for Ethernet passive optical networks ( EPONs)
[ C]//Proc of IEEE International Conference on Communication.
2010:23-27.

[22] YAN Ying, DITTMANN L. Analysis of sleep-mode downlink schedu-
ling operations in EPON systems[ C]//Proc of the 8th International
Conference on Information, Communications and Signal Processing.
2011:1-5.

[23] YAN Ying, DITTMANN L. Energy efficiency in Ethernet passive op-
tical networks ( EPONs) : protocol design and performance evaluation
[J]. Journal of Communications,2011,6(3) :249-261.

[24] WONG S W, YEN S H, AFSHAR P, et al. Demonstration of energy

[

conserving TDM-PON with sleep mode ONU using fast clock recovery
circuit[ C]//Proc of Optical Fiber Communication and National Fiber
Optic Engineers Conference.2010:1-3.
[25] ZHANG Jing-jing, ANSARI N. Toward energy-efficient 1G-EPON
and 10G-EPON with sleep-aware MAC control and scheduling[ J].
IEEE Communications Magazine ,2011,49(2) .S33-S38.
KUBO R, KANI J I, FUJIMOTO Y. Adaptive power saving mecha-
nism for 10 gigabit class PON systems[ J ]. IEICE Trans on Commu-
nications,2010,E93-B(2) :280-288.
WANG F, LIU Z, SONG X. Power-saving mechanisms for mobile de-
vices in wireless communications[ J . IET Communications,2009,3
(2):257-267.
JEONG D G, JEAN W S. Performance of adaptive sleep period con-
trol for wireless communication systems[ J]. IEEE Trans on Wire-
less Communications,2006,5(11) :3012-3016.
[29] KIM M G, CHOI J Y, KANG M. Adaptive power saving mechanism

[26

—

(27

[

[28

[

considering the request period of each initiation of awakening in the
IEEE 802. 16e system [ J |. IEEE Communications Letters, 2008,
12(2) :106-108.

VALCARENGHI L, WONG S W, CAMPELO D R, et al. Energy ef-
ficiency in optical access networks [ EB/OL]. (2011 ). http://nte-

[30

[

working. disl. unitn. it/ cavalese2011/paper/63. pdf.

[31] LIU Xin, FOULI K, KANG Rui, et al. Network-coding based energy

[

management for next-generation passive optical networks[ J]. Journal
of Lightwave Technology,2012,30(6) :864-875.

MANLEY E D, DEOGUN J S, XU Li-song, et al. All-optical net-
work coding[ J]. Journal of Optical Communications and Networ-
king,2010,2(4) :175-191. (T#% 671 ®)

[32

[



% 3 BIESR,F A TR L0 EF AREERE AL - 671 -

[29] sk, %A, DK ATHEF RS9I B[],
AT AR B2 A 2008 ,44(16) :188-190

[30] RUDIN L I, OSHER S, FATEMI E. Nonlinear total variation noise
removal algorithm[ J ]. Physica D,1992,60(1-4) :259-268.

[31] BOBIN J, MOUDDEN Y,STARCK J L,et al. Morphological diversity
and source separation[ J]. IEEE Signal Processing Letters,2006,
13(7) :409-412.

[32] BOBIN J, MOUDDEN Y, STARCK J L. Enhanced sourced separa-

[

tion by morphological component analysis[ C ]//Proc of International
Conference on Acoustics, Speech, and Signal Processing. [ S. I. ]
IEEE Press,2006 :833-836.

[33] BUADES A, COLL B, MOREL J M. A non-local algorithm for image

—

denoising[ C]//Proc of IEEE International Conference on Computer
Vision and Pattern Recognition. Washington DC:IEEE Computer Socie-
ty,2005 :60-65.

AREF, X HE. R TEAFYMEMGABERIT]. L EE TR
K,2012(2) :45-47.

SALMON J, STROZECKI Y. Patch reprojections for non-local me-
thods[ J ]. Signal Processing,2012,92(2) :477-489.

ZHAI Guang-tao, WU Xiao-lin, YANG Xiao-kang, et al. MDL con-

[34

[l

(35

[

[36

—

text modeling of images with application to denoising[ C]//Proc of the
16th International Conference on Image Processing. [ S. l. ]: IEEE
Press,2009 ;:3845-3848.

[37] ELAD M, STARCK J L, QUERRE P, et al. Simultaneous cartoon

[

and texture image inpainting using morphological component analysis
(MCA) [J]. Applied and Computationsl Harmonic Analysis,
2005,19(3) :340-358.

MAUREL P, AUJOL J F, PEYRE G. Locally parallel texture mode-
ling[ J]. SIAM Journal on Imageing Sciences,2011,4 (1) :413-
447.

[39] PORTILLA J, STRELA V, WAINWRIGHT M J, et al. Image de-

[38

[

noising using a scale mixture of Gaussians in the wavelet domain[J].

—

[

[

[

[

IEEE Trans on Image Processing,2003,12(11) :1338-1351.

[40] SIVARAMAKRISHNAN K, WEISSMAN T. A context quantization

approach to universal denoising[ J]. IEEE Trans on Signal Pro-
cessing,2009,57(6) :2110-2129.

[41] WEISSMAN T, ORDENTLICH E, SEROUSSI G, et al. Universal

discrete denoising; known channel[ J]. IEEE Trans on Information
Theory,2005,51(1) :5-28.

[42] BUADES A, COLL B, MOREL J M. Image denoising methods: a

new nonlocal principle[ J]. SIAM Review,2010,52(1) ;113-147.
BOBIN J, STARCK J L, FADILI J M, et al. Sparsity and morphologi-
cal diversity in blind source separation|[ J]. IEEE Trans on Image
Processing,2007,16(11) :2662-2674.

CHANG S G, YU Bin, VETTERLI M. Adaptive wavelet thresholding
for image denoising and compression [ J ]. IEEE Trans on Image
Processing,2000,9(9) :1532-1546.

CROUSE M S, NOWAK R D, BARANIUK R G. Wavelet-based sig-
nal processing using hidden Markov models[ J ]. IEEE Trans on Sig-
nal Processing, 1998 ,46(4) .886-902.

[46] LIU Juan, MOULIN P. Information-theoretic analysis of interscale

and intrascale dependencies between image wavelet coefficients[ J].
IEEE Trans on Image Processing,2001,10(11) :1647-1658.
SIMONCELLI E P, ADELSON E H. Noise removal via Bayesian
wavelet coring[ C]//Proc of IEEE International Conference on Image
Processing. 1996 :379-382.

B, AR AT EBA T RAOBER GRS RT (] &
F 545 8,2 4,2005,27 (11) :1722-1725.

O R, TR, F AT S RAIGE RT XA CR
BRI R[] KA % 142,2002,10(2) - 188-192.
RABINER L R. A tutorial on hidden Markov models and selected ap-
plications in speech recognition[ J]. Proceedings of IEEE,1989,77
(2):257-286.

(3% 666 7 )

[33] ASTERJADHI A, FASOLO E, ROSSI M, et al. Toward network co-

ding-based protocols for data broadcasting in wireless Ad hoc networks

[J]. IEEE Trans on Wireless Communications,2010,9(2) :662-

673.

FOULI K, MAIER M, MEDARD M. Network coding in next-genera-

tion passive optical networks [ J]. IEEE Communications Maga-

zine,2011,49(9) :38-46.

[35] GONG Xiao-xue, HOU Wei-gang, ZHANG Lin-cong, et al. A novel
energy-saving algorithm based on sleeping low-loaded ONU for hybrid

[34

[N

wireless-optical broadband access network [ C]//Proc of the 2nd In-

ternational Conference on Networking and Information Technology.

2011:335-342.

CHOWDHURY P, TORNATORE M, SARKAR S, et al. Building a

green wireless-optical broadband access network ( WOBAN) [ J].

Journal of Lightwave Technology,2010,28(16) :2219-2229.

[37] CHEN Shen. Energy efficiency and differentiated QoS in next genera-
tion PONs [ D]. Waterloo; University of Waterloo,2012.

[38] KRAMER G, MUKHERJEE B, PESAVENTO G. IPACT: a dynamic
protocol for an Ethernet PON (EPON) [ J]. IEEE Communications
Magazine,2002,40(2) :74-80.

[39] T RRAMBTRFXMEARAL [D]. LT ATigg

X %,2011.

WANG Zhen, YU Wen-chang, WANG Li-gian. Energy saving mecha-

nism based on double-way polling DBA algorithmand ONU sleep mode

[36

[

(40

—

[

[

—

for EPON[ C]//Proc of International Conference on Electronic & Me-
chanical Engineering and Information Technology. 2011 :2222-2225.
LEE S S W, CHEN A. Design and analysis of a novel energy efficient
Ethernet passive optical network [ C]//Proc of the 9th International
Conference on Networks. Washington DC: IEEE Computer Society,
2010:6-9.

[42] KANONAKIS K, ZHANG Jing-jing, CVIJETIC J. 1G/10G-EPON

compliant scheme combining ONU energy efficiency with QoS per-
formance[ C ]//Proc of National Fiber Optic Engineers Conference.
2012:1-3.

SANKARAN G C, SIVALINGAM K M. ONU buffer elimination for
power savings in passive optical network[ C]//Proc of IEEE Interna-
tional Conference on Communication. 2011 ;1-5.
RODRIGUEZ-PEREZ M, HERRERIA-ALONSO S, FERNANDEZ-
VEIGA M, et al. Improving energy efficiency in upstream EPON
channels by packet coalescing[ J]. IEEE Trans on Communica-
tions,2012,60(4) :929-932.

ZHANG Jing-jing, ANSARI N. Standards-compliant EPON sleep
control for energy efficiency: design and analysis[ C]//Proc of IEEE
International Conference on Communications. 2012 :2994-2998.
DHAINI A R, HO P H, SHEN Gang-xiang, et al. Energy efficiency
in Ethernet passive optical networks: for how long can ONU sleep?
[EB/OL]. (2011-05). http://ece. uwaterloo. ca/ ~ adhaini/Files/
G_EPON_s-leep. pdf.



