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(EEC-Option1 £ 721% ) BID R A —H % v MMEERR(F T2 a DX HI)h, SEChEVEMED CLK »Hh5 26N 5
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AENVEDOFT THWSLN D HEE L THRIZL[TU-T G8I0[ICEE STV D,

4 BREHIVEFE

AEEIILLT OBSEEFR L OSHTEEE HW 5,

EEC synchronous Ethernet Equipment Clock
FA =V M7 vy o

ESMC Ethernet Synchronization Message Channel
A=Yy NEA#IA v E—TF v 1

ETH Ethernet MAC layer network
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A—+Fxvy FMAC LA YRy hT—7
ETY Ethernet PHY layer network
A—%Fy FPHY LA ¥Ry hT—7
GNSS Global Navigation Satellite System
EHIERAOM LR R > AT L
MTIE Maximum Time Interval Error

I KR ] TP R 22

NE Network Element
Fv U —
OAM Operation, Administration and Maintenance

WA, B, BEOL RAF
PRC Primary Reference Clock
TIA=Y VT LA T YT
PRTC Primary Reference Time Clock

TIA<Y U TF LR H A LTS

SDH Synchronous Digital Hierarchy
FIT 2 e AT T —%
SEC SDH Equipment Clock

SDH t&&s 27 v v 7
SSM Synchronization Message Channel
B A > B —F v )L
SSuU Synchronization Supply Unit
FEfiE = >
STM Synchronous Transport Module
FIHI R T AR—F - EV2—/L
TDEV Time Deviation
R 72
ul Unit Interval
B R
uTC Coordinated Universal Time
A TSRy

5 & 15
AREITEXMIZEADOEFIZLTND,

6 RBRHFEE

6.1 EEC-Option 1

[ITU-T G.811] F7/-IZ[ITU-T G.8272]7 v » 7 IZx} LIBIEMEDH DY 7 7 L A L Cix, HAERE T T, EECH A
WEREFE 134.6ppmLL FCTH D Z &,
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HEE-ZOREDT-ODE A LA v F—rSUIFFFS, 1LAB L RUEDENRRZI NS,

6.2 EEC-Option 2
RV A= REHTTIE, 7I9A4~) -V T77 LR 70y 0BT DI 77 LURAIZEALT, BloXA 7D ) —
7wy 7 WHREBREEIZ—EOZ A AU A R T O 4.6ppm ZH 2 5 & TIEARV,

EE-ZOXA LY F FTIZ30 H O RMEEMGRICEH S b,

7 ThAU, R=ILFAVBELUVTLTI LD

71 TnqarLoY

7.1.1 EEC-Option 1

BNDTNA L DT4.6ppm, WEBREIRERO A 7 &y FRWNRLETH - Th,

7.1.2 EEC-Option 2
BNDTNA L DT 6ppm, WEBRIRERO A 7 &y bR WNRLETH > Th,

7.2  Hold-in range
R—ILFE1LUD

7.2.1 EEC-Option 1
EEC-Option 1 D7 —/L KA > Lo PFER SN0,

7.2.2 EEC-Option 2
EEC-Option 2 DR —/L KA L > Pid+4.6ppm Th H &, WHRIRSO BRI A 7€y MR WNRLETH- T,

7.3 TL7orLUD
7.3.1 EEC-Option 1
TNT T LU FRS, /MBS L CH4.6 ppm THEEE I NS,

7.3.2 EEC-Option 2
TNT T R DIREA SN,

8 HREMET
EEC OFRAMTIT. FAMNAR AN EEEENRH 27, 71 v 7 BiR—/L RA—"OHI 5 2 B T S = Ak

FOMERYT, ERANRT A NEMNETIELRY 77 LU AT, A< T7 U My MEFELD 10f5LEL TN 5
PEEEL L EROR LTV D, ZOMEEHIRT 227 1y 7 ORINIZE OREHLEEIC X > THA S5, fKRHH R
A (MTIE) & R 2 22 (TDEV) I 3 HEE AR MERE OB IV b D,

MTIE & TDEV i3 kKD 7 » Z il @ 1/30 FHcE1F 5 10Hz O—RHEIE 0 — 827 ¢ VX 2 LI JllE &% L
VY, TDEV O/ EIRII AR 0 12 5 TH(T = 121),
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81 OYYE—KTOIUH

8.1.1 EEC-Option 1

EEC NREHEMED T v 7 E— FTOU AR LDY 77 L ATHY , IREN—EFIK LIR)Z 51, [ITU-TG.810]DX
lallBWTERSNERMZ oy rsar 74X al—ya r2HOTHIESRE MTIE 133 1 FTORBRARZEFEHO>RETH
AT

#1- —ERE TOEEC-Option 10D 7 Y &% (MTIE)

MTIER]R[ns] HIERIRRET [s]
40 0.1<t<1
40 101 1 <1<100
25.25 102 100 <t <1000

FORERE U AV LICBITF A RERICE > TREND,
IRERENEGENAEES. Vv 7 /VEEC DR MTIE 55 COHFRZEITR 2 POMEIC L > THEKRT 5,

=2 - BEOREXEDEEC-Option 11239 %87 > X ER(MTIE)

BMMTIERFE R [s]
051 <100
50 7> 100

ZOFRERAEL D MELMIIR LICBIT DMERICE D REND,

1000

(var. temp.) 150

100 113

63 /

MTIE [ns] 40 (const. temp.)

10

0.1 1.0 10 100 1000

Observation interval t [s]
G.8262-Y.1362(10)_F01

1 - EEC-Option 1IZx9 %7 > FER(MTIE)
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EECH 1 v 7 & — FEMEF OHE, IREN—E@LKUIN)Z 51X, [ITU-T G.810]PMlall B\ TER SR 7 o~ »
a7 4 X2 b—arERANT, JEINIZTDEVIZERITORMEZ FFORETH D,

%3 - —ERE TOEEC-Option 1129 57 > L&/ (TDEV)

TDEVHIIR[ns] R E R [s]
3.2 0.1<t<25

0.64 105 25<1<100
6.4 100 <1< 1000

ZTORERAECBMELEMER 2 2BV TRENS,

100
TDEV [ns] (const.temp.)

10

6.4

3.2

1

0.1

0.1 1.0 10 25 100 1000

Observation interval t[s]
G.8262-Y.1362(10)_F02

2 - —7%RE THEEC-Option 1I1Z3x9 %7 U 4£mRK(TDEV)
REDORBNE ENDHADY 7V EEC DAFE TDEV H 5251 2 FREIT A% O EfETH 5,
8.1.2 EEC-Option 2
EEC BNREIHEMED T v 7 FE— FTOU AR LDY 77 L A THHBC, EEZ —ED T (1K R THARIE S -

MTIE & TDEV 3% 4, 5 T ORKZFo,

4 - —EBETODEEC-Option 207 ¥V A E /B (MTIE)

MTIEHIBR[ns] B E RIS [s]
20 0.1<t<1
20 1048 1<t<10
60 10 << 1000
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&5 - —ERE TOEEC-Option 207 ¥ # &R (TDEV)

TDEVHIIR[ns] R E R [s]
327705 0.1<1<25
2 25<1<40
0.32 105 40 <1< 1000
10 1000 <7< 10 000
FORERAECDMEEMBIFH I BLUV4ITBWNTREIND,
100
60
MTIE [ns]
20
10
1
0.1 1 10 100 1000

Observation interval t [s]
G.8262-Y.1362(10)_F03

3 - —ERETHEEC-Option 2IZ%3 %7 U FERMTIE)

100

TDEV [ns]
10

; T |

0.1 1 25 10 40 100 1000 10000
Observation interval t[s]

G.8262-Y.1362(10)_F04

H4 - —ERE TOHEEC-Option 2IZ33 %7 > X £/ (TDEV)

82 BAvIINBEVWIUHE
say I PRRMY 77 L RCr v 7 SNTWRWES, 70X AMEERD IR A 72y O X D IRiEER

s A

W THDIZEY 72y, ZTOFRE, vy 7 SNV T U AHFRIT U28EOHND,
83 Twvu4A
ZOREOTDIFEAEDOVLIERMEN, TROENMESINDHIIA V¥ 7 2 — AN M, ¥y ZBEAED T — AT

e, U XAERMELML, BB A H T 2 — RAEEO R AR EOMEOREEEHLET, L ONESE
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T 12 Fih THIZ IR BN LA 2 72— AL VBl SN D,

8.3.1 EEC-Option 1 & & U EEC-Option 2

FA—PFy b e A F T 2= ATOHRIIY v X!

A 22 7 2= RZBTDANY v ZFORINZEBNT, WA =Py ML U F T 2 =2 TOFRKHD>TND
Ty ZiE, 60 PR THIE SN, £6IZLVEIXONHHIREEBR HXE TR,

6 — EEC-Option 18 & FEEC-Option 2|23 2EHA —U Ry POy A RE

AV BT z—R RET74NHZ peak-to-peakiEHE (U1)
1G 2.5 kHz to 10 MHz 0.50
(% 1,2, 4,5)
10G 20 kHz to 80 MHz 0.50
(% 1,3,4,5)
25G 20 kHz to 200 MHz 1.2
(it 1,4,5,6)

HEL - FHA —H %> MIHT D@0 ToO Yy ZESRITHUE STV, RRIZBWTHIE S 4112 R —3
Fv NRHRY v Z ERICINZ T, BE# 2 IEEE 802.3Y » # BRI S5 & ThH D, [IEEE 802.3[iLillE K ik
EEHZLTWD, ARy MU —7 BEIZHIT D 26 ORIEFIETKT DTS ZORGFTRETH D,
12 - 1GIZ1000BASE-KX, -SX, LX% B ir, VLT L —r A ¥ T =2 — A IS5 % ORFIBETH 5,
{23 — 10G/310GBASE-SR/LR/ER, 10GBASE-LRM, 10GBASE-SW/LW/EW, % L T, 40GBASE-KR4/CR4/SR4/LR4}5 K
U'00GBASE-CR10/SR10% & #910G L — N B SN DV LT L—r oA V4 7 = — A% E s,
14 — 25GIL100BASE-LRA/ERA % 5 1225G L — U MBI SN DV VT L — 0 A VX 7 = — R EET,
7:5- 1G: (1000BASE-KX, -SX, -LX) 1UI=08ns

10G (10GBASE-SR/LR/ER, -LRM,

40GBASE-KR4/CR4/SR4/LRA,

100GBASE-CR10/SR10): 1Ul'= 96.97 ps

10G (10GBASE-SW/LW/EW): 1 Ul = 100.47 ps

25G (100GBASE-LR4/ER4): 1Ul= 3879 ps
6 —25G L — %19 % peak-to-peak ¥ v Z RIEIZ0.5UI S 12U %, T72b b2 Mgl b, 2 O8N T
T 2720, 10GIZxE L THW B LS @l = — 7 — ER TR 10G 6D T A > L — h O Z ZET 572
DIC2BHEREFHMINDRETHY, Z LT, RIBOHEMNE BT D 72DIC24572 05 S d, Z411%20.833 kHz
O EIEER 2 —F— W &5 T, FMEMEZ B 2 T20KHZA~ D 5D, IKWE~OUTEUIENTE L < T 5,

2048 kHz, 2048 kbit/s, 1544 kbit/s.75 L OSTM-N 7" > & 7 = — X TDHI A1 727 4

2048 kHz & 2048 khit/s 1 > % 7 = — A, BELW, STM-N A > ¥ 7 = —R|ZkF 5T v ZFAEIL[ITU-T G.813]DH 7.3 &
@ Option 1 TEFE SN,

1544 kbit/s f 4 7 = —A & STM-N A ¥ 7 = —ZAD Y v X ERII[ITU-T G.813] D5 7.3 D Option 2 TEFEI N D,
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9 HMEMAN
EEC DMERMI /1%, 7 10 v 7 O AT CUUE TR i/ NOREFIMER L~V & d, WENEARIFIRLLT 0@ Th %,

- BUE SNTEMERIRNIC 7 v v 7 Z 4R, ERE72EERIRIZFFSTH 2,

- WD R B B A SR

- rayINY 77 Ly AR ERZ 0

- 7y I BER—)L RA—= N2 5780

—REIC, EEC OMEZMIIE., A WRERIMELHERTA7ZODRMA ¥ 72— 2T 5 %y hU—ZHIREF L
Thbd, L, FA 47 2—ADxy hU—ZHIRIZ, 77V r—vailloCTERDME LIV, Lizio
T, EEC OMEETMH 1 2 RET D202, IEDHEDF Yy N —JHIRMEA SN2 R&ETH D, B D %y hU—7 )
FROFAIX, [ITU-TG8L3]DOffEk I IZfEHE L TEHEZ LN TN D,

90.1FE 92ETHZOLND Y U ARBIOTY y XM, FMZHEI A ¥ 7 = — AR TREEEZRT, BT A MIE
&2 TDEV 513, ARON U AMFIREZMINT 25 2 & TERENDIRETH D, £ 4 13 IE 2 RE 2 B iE
) A RBEEBRDL DI T 4 VE END,

MTIE & TDEV 1%, 10Hz T 1 R ORIGEIERIE 7 4 V& & L, V30 Oz K 7V v Z W THIE &b, TDEV
O/ NAERREIL, 2RO 125 T=121)Th 5,

9.1 DUAMmA
9.11 EEC-Option 1
MTIE 38 LN TDEV TRIESNTANY U Fiif 15K 7T LR 8ITRT,

7 - EEC-Option 1LIZXT B AHh 7T U At A(MTIE)

MTIEHIRR [ps] HIERI R [s]
0.25 0.1<1<25
0.11 2.5<1<20

2 20 < 1 <400
0.005 t 400 <1 <1000

&8 — EEC-Option 1IZx9 % A 17 > Hiiit J3(TDEV)

MTIERIFR[us] B E T [s]
12 0.1<t<7
1.7t 7<1<100
170 100 <1 <1000

FERELTAELDEMS XS EX 6 ITRT,
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10

5.0
MTIE [us]

2.0

1.0

0.25

0.1
0.1 1.0 25 10 20 100

400 1000

Observation interval t[s] ©.8262-Y.1362(10)._F05

B5 - EEC-Option 1123 % AH7 U FMHA(MTIE)

1000

TDEV [ns]

170
100

12
10

7 10 100 1000

Observation interval t [s]
G.8262-Y.1362(10)_F06

E6 — EEC-Option LIS AHAT U5 LS5V X(TDEV)

X 6 D~ AT ~OUREREMEID DO LIERERE SIS TnD, RIDLLZLDE, KEITRTYRAIIC
HERLL TW D0 ZAET 72012, B TR T MM E b ORBRIEE N HEH T 5,

&9 - EEC-OptionlI=® ¥ 2R KHBIEZKHMBAN T > X O TRIE

Peak-to-peak® 7 > X Hz g U v F R
As [us] Ao [1s] As [1s] f2 [mHZ] fs [mHZ] f2 [mHZ] f1 [Hz] fo [Hz]
0.25 2 5 0.32 0.8 16 0.13 10
FERE LTOERIN 7 ITREND,
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Slope =-20 dB/decade

-
P

Peak-to-peak \

wander amplitude
[us] \

. f £, f, f,

Wander frequency [Hz]
G.8262-Y.1362(10)_F07

K7 — EEC-Optionl(Zd 3 2R AHFBEZXMBEAAD VXD TRIE

9.1.2 EEC-Option 2
TDEV TEIL I 7= EEC AN U Fiith &% 10 (27,

10 — EEC-Option2I=9 % A7 7 > 4t 73(TDEV)

TDEVHIRR [ns] HIERFRE T [s]
17 0.1<t<3
5771 3<1<30
31.6325 1°5 30 <1< 1000

AR L LTAELLZEMZM8ITRT, MTIE CTERESNAZEITIER SNV,

1000

TDEV [ns]

173

100 /

17
10

0.1 1 3 10 30 100 1000

Observation interval t[s]
G.8262-Y.1362(10)_F08

B8 — EEC-Option2I=x3 % A 517 > it 73(TDEV)
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9.2 TwyAmMA
9.2.1 EEC-Option 1 & EEC-Option 2

[BIA =Y R | oo A A H T 2= T ).
EEC-A 7 a1 DA —Y Ry b« AU F 72— RIKTHHRRATN T v ZOTFRIL, IEEES02.3 IZHE STV D,

%11 - EEC-Option 1&EEC-Option 2I2® ¥ 5 1GRIEIA —H v MEFED v 2t h

Peak-Peak Y v & #Kiig(U1) JEE f(Hz)
3125 10<f<12.1
3750 1 121<f<25k
15 25k<f<50k
1 — 1GIX1000BASE-KX, -SX, LX & & tr, w/NFL—r A B 7 =— A 35 %O HRE,

1000

312.5 |m

100

Peak-to-peak \
phase
amplitude (UI)

10 \

0.1
10121 100 1000 2500 10000 50000 100000 1000000

Frequency (Hz)

G.8262-Y.1362(10)_F09

B9 - EEC-Option 1&EEC-Option 2[2x3 5 1GR#4A —H 3% v FEFEH D v 2 A
71— BIE9 2 1EEE 802.3Y v (Mt /) B RIFME SN2 A —D % o MEHIRY » RIS T Sh b &
Thbd,
2 — HEEMICK LT, 637 kKHZLL LD A —F Ry MEFTA V& 7 2 — Rt 2 BT v Wt &7 X M E4&
FIZ[IEEE 802.3]Ic L W HE SN D,
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13 — 50 kHzLL_E D & 1320dB/decade Td %, [IEEE 802.3] & ITU-TRIDHIE T IENEEICE U TIEARW O T, 50 kHza 5
637 KHZ DO EFEDEIT S Z OMFTFREETH 5, ITUD Y » X BUEDEHRIL[ITU-T G.825]D Appendix I CHRDF 5 Z L3 T
x5,

EEC-Option 1 1 £ O EEC-Option 2 (Zxf3" % 10G Ethernet f > ¥ 7 = —ADKRKASI Y v XMt H1O FIRIZ#E 12 £ [X 10 T
Hzbhbd,

12 — EEC-Option 18 & UFEEC-Option 2I23x9 % 10GRIMMA —Y v FEFEH D v 2 h

Peak-peak jitter amplitude (Ul) Frequency f (Hz)
Peak-peak Y v Z #RIgE(UI) JEBE f(Hz)
2488 10<f<12.1
30000 f* 12.1<£f<20k
15 20k<f<40k

NOTE - 10G includes 10GBASE-SR/LR/ER, 10GBASE-LRM, 10GBASE-SW/LW/EW:; multi-lane interfaces are for further
study.

£ — 10GI310GBASE-SR/LR/ER, 10GBASE-LRM, 10GBASE-SW/LW/EW & 40GBASE-KR4/CR4/SR4/LR435 LV
100GBASE-CR10/SR10% % p10G L — VM BRRD VLT L—r A U ¥ 7 2 — A %5 ip,
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10000

2488

1000 \

100

Peak-to-peak \
phase

amplitude (UI)

10

0.1

10 12.1 100 1000 10000 40000 100000 1000000
20000

Frequency (Hz)
G.8262-Y.1362(10)_F10

10 - EEC-Option 18 & U'EEC-Option 2129 5 10GRI#AA —HR v A T v 2T A

14 — B3 H[IEEE 802.3]% v Z MM ERITHE SN D R A — V= v MRE G KO » 2D ZERITIN A Thi & S
NHXETHD,

15 — [IEEE 802.3] & ITU-TR OJE HiENERIZFE U T\, ITUY v ZIREOERIZ[ITU-T G.825]D Appendix 1D Hi ¢
RoFons,

EEC-Option 1 3 KX UF EEC-Option 2 1Zx3° % 25G A —H# R b « f VB 7 = —ADHRKFBEANT Y v Z FIRIZEK 13 TH
PGy (%

#:13 — EEC-Option 1 and EEC-Option 2iZ%9 %
25GEHIA — Ry MEFRY v #

Peak-peaky v # iZ1E (Ul) B f(Hz)
6445 10<f<11.17
72000f1 11.17<£f<20k
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3.6 20k <f<100k

1E —25GI3100GBASE-LRA/ERAZ & 125G L — L MO A~V ILF L—r A VB T = — A& Ete,

2048-kHz, 2048-kbit/s, 1544 Kbit/s./5 L OSTM-N-7 > & 7 = — XD 2 X il 7).

2048 kHz 35 & U 2048 khit/s 15 52kt DIk KA ¥ v Z MWD FRRIZ[ITU-T G.813]D % 8.2 E D Option 1 TEFKI 1D,
H18 1544 kbit/s [FIIAZ 3t 2 ek & Z i1 0O FRRIZ[ITU-T G.813] D% 8.2 E D Option 2 TEFK I 5,

STM-N o % 7 = —RZKT DR ATIY v 2t O FRIE[ITU-T G.825] CER I N D,

10 HETiK
EEC Oa#lFFMEIL. v U 7RIk 2 AT DR DRI DWW T ORME 2R ET 5, EEC 1TFEBRO AJINIHE &

V77 L ADMBANAL DEICOWTOERBIEE 7 4 V2 LEZDZENTED, ZOREBERY 12 L LT
DEDHFENIONTORNGS KR RFFAREIE, ITU-T #)% G.813 D&k INIFLE SN 7BFHI b & ST LINIR
D

Z OB EKIC IV T, EEC OAHFIEIL 0.2dB (23%) LV /S HDHRETHD, LtV =7 ® EEC €7 /LI
AEnsd, LhL, ZOETFMTEEEHIR LAV,

10.1 EEC-Option 1
EEC (2% A /MO TR I, 1Hz TH D, EEC I T DR AHOIERIL, 10Hz TH 5,

10.2 EEC-Option 2
8 BLUFK 10IT/REND AN TDEV R~ A7 Ziie T 564 —V %y FERIZSTMN ¥ A I U 7EERSR I

L&, A —Y Ry b E72IE SDH BERIER 14 1R H ) TDEV iR ZHi e+ 2 E 5 et hshs725 9,

k14 - EEC-Option 2[4350 U A Gi(RI0ZHRE T HANT U FTROBRRKHAT )

TDEVHIRR [ns] RUEHRE T [s]
10.2 0.1<t<1.73
5881 1.73<1<30
32.26 195 30 <t <1000

FERE LTAELZEFIIRK 1L OV AV ITREND, 2D~ A7 OHMIE EEC O KHFRIEA 0.1 Hz ThHZ & %
WRAET D72DD LD TH D, ZIHDY AV IR —F 0 7 2R T D72 DIV L R & TIHRW, S/ EHRIEIC
*F9 B BERITFIE L 720,

TDEV 1% 1/30 B Ky 7 ) v Z 1o 23 130 B CTH 5 10-Hz, 1 %, KE@EPESEM 7 v &2 2@ L THlESh

%, TDEV O/ NAIEEHIE 12 Bl BFEFEHIT =120 ThH 5,
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10000

TDEV [ns]

1020

1000 /

176

100 /

10.2

0.1 1 173 10 30 100 1000

Observation interval T [S]

B 11 — Wander transfer for EEC-Option 2[Zx9 % 7 > S {ailk
(H8ZEHBRTHIANITVIHORKREHTUA)

T - ZoEili~ 27 OfEIZK 8 DBBHFH TR OND A7 LV b 2%EVMETH 5,
M8RBLVCINICEBITD~AZILT A1 OMERE L O TDEV B2 HIET 272 0IcHV SN, £ LT, BT
0= DU FBERBERISE L TR SNDTeOICBEERDd Ry NI =2 U FHIRER S 2v, FEEICIE, K112
R Xy NU—27 UL A IHIRAY EEC-Option2 7 &1 v 7 OFBHRN TH B, ZiX EEC TORBIANANZ 3 & 2
7, LLAaRns, TR L VEnWT U XREEZEIERITEA S,

11 BEGERUVER—IL FA—/ 1%

AECTOBEFHEA I, AEE VLB EREFIC L0 BB LZ T WA RIUCEH Sh D EHINRSNL, B D[
WMEFHTOAL v F 7, BRIEEZOEK), Zhbid, EEC OO TIMICRERS %5 & 29, BEmE
BRE S MEOBCEBALERET DI DIUE L 72 5, BEEFHE DL BAUTMBRREEIC B W T — i e fe
R TH D,

EEC HJITHIT D IEEMDOAHZEENT, ATO/NMITHEREND LALVBNIZINE 2 Z &3 R S5,

EEC-Option2 7 7 v 7 (24 BRI O FHNIIE, 100Hz O —k o —/SZAFHE 7 VX &3 L TfThbh b,

111 EHNGEEOBELE

11.1.1  EEC-Option 1

ZOFEREAIE., BREN) 2RESOE2O2BANGE (FA—2R7 2 v 7 OBHEATEER) MNEFEOZDIZKD
DB, BEREE (Teb b, BERINOEE) 2R LIZEZRO 7 vy 7 OWREZRKBL TV, 20 X9 25512,
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ZIUEH TR KT 15 Bk bN D, HAEFOMMLH (ANNWBRESP KON D LD ANE BT 5) 13, BT
DERBEHIZELVHIBRI LD,

WFRRRZEIE, 15 B F TOMa 72 2 RFRIMIE S 126 L THAt+5x 108 xS 2 TE2 &7, AR ERRE & A A
FEGEIRTE & ORI OMBPLRAE T 2 B A ABBRORRIE 28 LT %, 2 OM BRI 7.50pm LU F O — R/ U % JH i 5
F 7+t v MR LT 120ns 2B 2 Tide bR,

FERE L CTAELDZBRNRMNESRMFT, M12IcE LD bd, ZORIE, EECBRI ry 7 A4 v FICERTHT — A
Fr—ZATOMMEOBEEEZRLTNWD, 7y 7iX, ZTIRSND L0 ERBTRELZZEZ 925, 22 THRIGNT
WA BERIE BB AR IX[ITU-T G.813]D Ak 2 IR b T B

1000

Phase error

[ns]

240

120

0 0.016 15

Time S [s]
G.8262-Y.1362(10)_F12

K12 - EEC-Option 1129 58B(V Ay V) ZUY B A BISERT 2H N TORXAERELE

121%, 7 vy 7 2 v F o ZEBRETO ZOOMAM OB Z R T, R/DOBEIZFHZRIEDO 0 212572
INEZRLTERY | Bl BEFROIREBE~E > TV 5, ZOBKEOKRE S1X, 16ms A ORI 35 7.5 ppm A
WO A 77y MRS LTV D, 16ms LARE, MAHOBY & 1, RA v ¥ —@EEZ MR 272 DI & 5 x 108 D Flic
FIR SN D, 2FE OBKETIZ, (ENPEAFRRIRBIZASTZRIZ1I5s UNITEZ 5 Z 222> TnD) ., B _0OSRIE
FIFT DAL v F o 7 HBAL TN D, FRROZEREMFR ZOBRICEN TE 5, 2FH OBRO%., (VAHRZED

EEER0, Lus K& 7> T3,

HE—HAINMHOREZIL, (R UPRCIZH L GEETERWEBREFMTAL v F U 7T 2558) XELRAHFENLE,
AJTREUE B3 15 Ll LR 28546, 112 OFREA N EH S D,

11.1.2 EEC-Option 2
s ay 7 FEMOM BRIEEDAL »F 77 E) 1k, 7u vy 7Ol 1142 i CTEFR SN DRI 5 ERIEH

BT SR B2,

112 RHEEEELE (R—LF4—n)
ARERIT, WAZA IV T EZORROEBZBET D, &I, ANEZOREE, PHEIRRSMELRHIZ AL DL B) O

ZRUET D,
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11.2.1 EEC-Option 1
EEC I _RTCOSREBTER D &L, BERREL D, SHRESE K- TBMICE T 2 AMEFIZBET % EEC D)
WZBT DOLAHRRZEAT X, Wi b SSI5 R 2 IV TH . LT ORAZE L TT e b,

AT(S)={a,+8,)5 +0.50S2 +¢|  [ns]

ZZT:
ar = 50 ns/s (see Note 1)
a = 2000 ns/s (see Note 2)
b = 1.16 x 10* ns/s? (see Note 3)
c = 120 ns (see Note 4)

T OMRRIT, BREWEA T Y b6 ppm IZHE D, S<IS B TOREWVIT 1L HIC TRH STV S,

1= A 7% » haild5 x 108 (0.05 ppm)ICAH S T 594 7 & > R &£ T,

H2— A 7y badd s vy 7 AN EAFRHOIRRRIZIa > 7o OIRBEZE b Z R L, 2x10° 2ppm)IZFid 45, Wb
REZ S 22 WHEAITE, REaSIIAFHRAZEIC 2 A B REZ RIT LTI R 5220,

FE3—ZEbITRAAFEL(LIC L VA Z 5, 116 x 104 ns/sAE, A EZEH)1 x 10-8/day (0.01 ppmiday) (A4 4%, Z OfElE,
FEAIIZ10 H FENE & W72 14 O MU 2 R AR A LR E N R HAL TV D, IREZELIC K DERERTH LD T &L
HZOMEZFT 2 Z & E2HRT 2 DTN,

HA—NiFHA 7 v held BERFFURIE CORMRETAET L REEMEN ED L 5 fifid 7y N & bafEd 5,
INOOMENBELND, —EIRE F~OWFBHRERFH T (TRbb, WEREMNEHRTREREE) . K 13 124EK
b,

AT(S) =(a18 +%S2 +cj [ns]

10° 4

10 //
10°

Phase error AT
[ns] /
10° /

10

10° 1 10° 10° 10°

Time S[S] G.8262-Y.1362(10)_F13

E13 - —ERE - BEEHRETICH T HEEC-Option INDHAELIERE

11.2.2 EEC-Option 2
EEC NI RTHOBMEZEEKS &, BRERRKEL D, BREFERSTZHMNLDORA V=T 7 vy 7 OB
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T, MAHRRZEAT 13, W SHOMICEBW TS, UTFEmic T %El H D,

AT(S) <& +a,)5+05bS% +cf  [ns]

DENRA Ty FERTATO)DWMREIL., WD SHOMIZEWN TS, DLITZMz T BWER D D,

d(AT(S))/dS|< {a, +a, +0bS}  [nsfs]

LI A Ty FERTATO)D 2 BESRENT, Wi d SBORMIZEW T, UTFamie T HERD D,

a2(aT(S)Mas?|<d  [nsis?]
ATO) DB RI L 2 EBGHFEICIT 5 Ll EOBR AT BB, IR S ORI EHESHE I ~DBAT & O
DL NN HIBPELRRE TR T IIE R B2V, ZOWEENZRMMIC, 11.4.2 SioWEREICHT 2 EREADSEA SN,
FEl—a T —ERE T 1 KB 29 EK A7y b Th D,
PE2— a7 1y 2 8 R IELC W o T S DI L AT, V7 B b 70V AT, (R MasSI AR
IR BB E RIT LTI B 720,

i

7

H3—ZEhblE, FHMNREREE N 7 2R L TR #F2IckvEZ 5, ZofEiE, HSirice0 A MEfE S ¥721%
DA RFETALFEDN OB LN TS, IBEEIC L AEENERTH L0 T L BHZOEZHHUTLIZ L%
HELE 92 H D TR,

EA—ARA 7 & v beld B ARFTIRRE TOMMPIRRE THET DM R 7' v P 2R,

HES—dIZHEFHIRREBICB W C—ERE T THRINAIRKBEWEE R 7 FE2RLTWDE, LNALAERG, débMRZELWN
MBI, HAREREABICE LT, FHCEVWERICH LT, AT A—=ZIT A MTH20OMRELL, £72, HlEshi-
EIXESRDIENE D L2505 LAV,

EEC-Option 2 (2%}~ 2 FFANFHREZ O % K 14 121”7,

15— =)L FA—/\KREIZH 1T 5BEEEDOHH

EEC-Option 2
Applies for S>TBD
aj [ns/s] 50
ap [ns/s] 300
b [ns/s?] 4,63 x 10
c [ns] 1000
d [ns/s?] 463 x 10
TBD: To be defined.
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11.3 ANESPEICHT 5MHEEE

11.3.1 EEC-Option 1

RNt 2o x L TEBREZICAL v F U 7 EIEZ S WATEZITH LT, &K 16ms 2% LT 7.5 ppm ®
BRA7Ey bOb & HIAAHEE)NT 120ns 28 2 TR 5720,

11.3.2 EEC-Option 2
EEC-Option 2 IZBH L TiE, 4% OBRFERETH 5,

11.4 {IfBTESHME
1141  EEC-Option 1
FEHIDA —H % v NEBRE OFMENOREHNET A M EISMOPNERESE (LxL, K& — Y = 7 kE 2 B

T, BIzE, FREHEER#EE ISR IT L0, bV ET) OBAICIE. LLTORMIEMZ SN2 NERD S ¢
- 16(ms) £ TO WA 72 2 WIS (ms)N DALFRZEENILT7.5S nsZ& i 2 TIXAR B 720,
- 16(mMs))> H 2.4 £ TO WA D HRIS (ms)N DN ARZEENF2.4s % #8 2 TIE7R B 720,

- 2AR LI E ORI LT, 24 M@ OAARZ BN 1375 ppmEl LlusE TO B4 7' v M &f£E-> T, 120ns%
X TR B0,

11.4.2  EEC-Option 2
AL —7 7 uy 7 NOREMNET 2 N EITFREOHAICIE, £ 16 THREIN D L 912, EEC-Option 2 DIz
TALAH DIBWEISENE MTIE OHEER 2 7 S 72 R B 7e 0,

516 - EEC-Option 2Ic®9 %8B 0y OIS/ FEREEICERT S

HAIZHE T BMTIE
MTIEIRE [ns] RIEA#M < [s]
e i L 1<0.014
7.6+8851 0.014<1<0.5
300 + 300 t 0.5<1<2.33
1000 233<1

AR MTIE ERIZX 14 ICK/RE 5D,
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1000

450

MTIE [ns]

100

20
10

0.014 0.1 0.5 1 2.33 10

Observation interval t[s] .8262-Y1362(10)_F14

B14 — EEC-Option 2[2dF 588 (V By V) U EB/BERREICSERT 5H A TOMTIE

12 4123271 —R

AIEARETOIERIL, 72y 7 PEBAENTERY RT—27 L A s (NEs) AD U 77 LU ARICETHZ LT i
Wz, =PI R DBEEIEIDIICLT L HEZD LWV D DT TIERY, LR - T, EEC DT 4 —~v 2 AlE, KN
HOY 77 VO ARTRERINT, DLAEBEOINEA L F T 2 — A TERIND,

EEC NINASNLDA —Hxy MEBEORBIAL A 57 2—R1F TR THD,

- [ITU-T G.703)iZ%E 5 1544-kbit/sf > & 7 = — &,

- [ITU-T G.703)IZ %€ 5 2048-KHZAM B A o & 7 = — A

- [ITU-T G.703)\Z % 5 2048-kbit/sA > & 7 = — A

- (A 7V » FNEIZXT 2)STM-NE B+ v ¥ 7 = —A;

- [ITU-T G.703)i2%E 5 64-KHzA > & 7 = —R;

- [ITU-T G.703)iZ7t 9 6312-KHZANERA > X 7 = — A

- A —Y 2y b A FT ==X,

FROAEF T 2= ADRTH, TRTOEBICEEIND LI DT TIERY, ZNHDA F 7 = — R, AEFEHET
EDHDHY B LT HDEREWT-THERD D,

A=Yy MiRA ¥ 72— AT TEHE- FETFEL EFHAZ0W L, 24 I T E2KkbDED T A - OEREFT
KT D, o T, A —Y Ry F e A U F T2 —RAFIL2_EHE— FNTOLERETRETHY, #fgty FA MY —AT
RUITNUTR B0,

- BEORy FU— 7B L OMEERE Y R— 7572010, AMBRy N —2 70y 7 ~DA BT =— A
A F Y NT—2 7 a8y I NSO BT 2—RHEEIZSSME R — R LTH LUy,

12.1 SRS 2T —R
B —H % v FEEEF. [ITU-TG.812] SSU/BITS 7 2 v 7| [ITU-TG.813]SEC ®H /17 e . b L<IE, AR TR

LT 2D FEHA —¥ %y MEEN ORI S vy ZICFEMIFRER Z &2 VR — M2 S £ I ERSMBREMA ¥
Tx2—AZA T HRLEETD
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EZRAMELLTO@EY TY -

— SDHIRIEIT 15 < BEF D I3 FLiE 157> b EEC & AL ARA AT BESR B O A —H % v MRIEIZTHES < FFRDF
Wt E~ DR G 2T 2 12T 5,

- EENIMS VBRI T, R (B &5 2 & 2mEICT 5,
£161F. DAL B T2 —2AF A THERLET,

16— NEpA B3 7z —REA4F

N BT 2—REAT * it
[ITU-T G.703]-based JABEN ST DRI O T —%T 7 F ¥
2.048 MHz/2.048 Mbit/s 1 —SDHIZEE S ER DT —F 7 7 F v 1 LEETF O SSUIKHE
1.544 MHz/1.544 Mbit/s EHAAT L% U T A=A OO RBA —% % v b7 —
¥T Y F v ~OBATEHET S
A —% %> M(L— MITBD) I D J& I H o 2 Bk

MDA DA 2T = — 2% A F1x. SHOBFBRETT,

T - BHBE (S bbb L FMOmMT) ¥ R— 2R —Vxy MI, SEROBRFRETT,
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Appendix I

Hybrid network elements (NEs) using STM-N and Ethernet (ETY) interfaces

(This appendix does not form an integral part of this Recommendation)
The EEC clocks may support the use of hybrid NEs at any place in a synchronization chain as shown in Appendix XII of [ITU-T
G.8261]. Figure 1.1 illustrates a hybrid NE and timing relations between the equipment clock (EC) and STM-N and ETY interfaces.

ETY interfaces

A AN
’\I 1
I e [
R AT e,
| ~< . I
[%] ! ~ ’ ;) @D
5] ! ~ | 1=
g 1 £
hw ! "y ! > 2
2z | 1 | | 15
| =
'>E_ I: 1 T Zl
oo S
Wy LE
. Hybrid NE 7
|
- ybori l‘ ’1
i ¥

STM-N interfaces
G.8262-Y.1362(10)_FI.1

Figure 1.1 — Hybrid NE using STM-N and Ethernet (ETY) interfaces

For hybrid NEs, timing transfer may be supported from any type of input interface to any type of output interface as shown in Table

1.1.

The use of ETY interfaces for timing distribution and the use of hybrid NEs should not require modifications of deployed SDH NEs

Table 1.1 — Combination of input and output ports for timing distribution

Timing input Timing output
STM-N STM-N
STM-N ETY
STM-N T4

ETY STM-N

ETY ETY

ETY T4
T3 STM-N
T3 ETY

or clocks (PRC, SSU), e.g., no new SSM code point for STM-N interfaces. Code point "0000" should also not be used.
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Appendix 11

Relationship between requirements contained in this Recommendation
and other key synchronization-related Recommendations

(This appendix does not form an integral part of this Recommendation)
This appendix describes the relationship between the clock performance requirements contained within the body of this
Recommendation and the key synchronization Recommendations that are under development, or have been developed within Question
13 (Network synchronization and time distribution performance) of ITU-T Study Group 15.
This Recommendation describes performance requirements for synchronous Ethernet clocks. The basic concept of synchronous
Ethernet is described in [ITU-T G.8261], the first ITU-T Recommendation to detail network synchronization aspects applicable to
packet-based networks.
The clocks described in this Recommendation, if embedded into Ethernet network elements, allow transfer of network traceable timing
via the Ethernet physical layer. In this context, the Ethernet physical layer is defined by [IEEE 802.3].
The performance requirements in this Recommendation are derived from existing Recommendations. The EEC-Option 1 requirements
are based on the [ITU-T G.813] Option 1 clock and the EEC-Option 2 is based on the Type IV clock from [ITU-T G.812], as deployed
in an SDH NE.
Both EEC clocks offer similar performance, but are intended for use in networks optimized to either the 2-Mbit/s hierarchy (for Option
1) or to the 1544-kbit/s hierarchy (for Option 2). As the EEC clocks are consistent with existing SDH network element clocks used in
the distribution of frequency, synchronization network engineering will not require any change to current network engineering practices.
Synchronization networks in general are based on SDH synchronization distribution as described in [ITU-T G.803]. Synchronization
distribution may follow specific regional practices in order to meet the fundamental performance requirements and network interface
limits from either [ITU-T G.823] or [ITU-T G.824] for the 2048-kbit/s or 1544-kbit/s hierarchy, respectively. Both [ITU-T G.823] and
[ITU-T G.824] are traceable to the fundamental slip rate objectives in [ITU-T G.822].
The EEC clocks are purposely specified to perform in a manner consistent with existing synchronization networks. The Option-1 EEC
can be deployed within the synchronization distribution network in exactly the same manner as a [ITU-T G.813] SEC, while the Option-

2 EEC can be deployed as per existing [ITU-T G.812] Type IV clocks.
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Appendix 111

List of Ethernet interfaces applicable to synchronous Ethernet

(This appendix does not form an integral part of this Recommendation)
A list of all Ethernet interfaces listed in [IEEE 802.3] published in 2008 is provided in Table III.1. It specifies the
Ethernet interfaces which are valid for synchronous Ethernet operation. Other interfaces may exist; the list of
interfaces is not exhaustive and might be updated.

The following considerations have been taken into consideration for the generation of this list.

CSMA/CD

[IEEE 802.3] specifies two operating modes: half-duplex and full-duplex modes.

The original Ethernet interfaces were developed for a single medium that was shared between multiple end stations using the
CSMA/CD mechanism. Most interfaces use separate media (or separate carriers) for bidirectional communication between two end
stations. The use of half-duplex operation on such bidirectional, point-to-point media serves to mimic the behaviour of legacy shared
media operation. In all cases, there is no difference in PHY behaviour between half-duplex and full-duplex modes. The half-duplex
functionality is controlled by the media access control sub layer (MAC) and only affects packet transport at layer 2 and above.

Interfaces titled CSMA/CD may be used for the purposes of synchronous Ethernet in all cases where the media is point-to-point.

Constant signal

The interface must permanently transport a signal.

This signal must be coded so that there is a guarantee of transitions so that the clock can be recovered. This is achieved by the 64B/66B
encoding in some 10G interfaces; DSQ-128 (2 x 2 pair, PAM-16) signalling for 10G over twisted pair copper; 8B/10B encoding in
some 1G interfaces and 10G over 4 channels of fibre or copper; 4D-PAM-5 encoding for 1G over twisted pair copper interfaces; 4B/5B
encoding for some 100M interfaces; and MLT-3 for 100M over twisted pair copper interfaces.

All IEEE 802.3 point-to-point PHY's that operate at speed of 100 Mbit/s or greater use constant signalling.

Master/slave

Some bidirectional interfaces are designed to have one side, designated as the clock master, acting as the clock generator, the other side
as the slave, which is forced to recover the clock.

Such a configuration will only support unidirectional synchronous Ethernet. Such conditions can be announced under supervision of
the Ethernet synchronization message channel (ESMC) process, as defined in [ITU-T G.8264] where synchronous Ethernet reduced
interfaces are introduced. For such interfaces, the master/slave resolution should be forced by station management as defined by the
appropriate clause in [IEEE 802.3], in accordance with the synchronization network architecture. ESMC reduced interface status should
be synchronized with master/slave status.

Two examples of master/slave clock operation are 1000BASE-T and 10GBASE-T.

Auto-negotiation

The auto-negotiation mechanism defined for some sets of PHYSs is used to find the highest mutually supported mode of operation for
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two partners at link start-up time. The algorithm will always favour a higher speed compared to a lower speed and full-duplex to half-
duplex. Because the negotiation happens at link start-up, it should be compatible with synchronous Ethernet but may not be compatible
with the synchronization distribution plan. Note that the negotiation is an option for some PHY types and the supported PHY speed
and duplex may be forced by management.

Note that there are some cases where auto-negotiation could appear during operation, e.g., during an upgrade. Auto-negotiation must

not have any impact on rates and clocks to be compatible with synchronous Ethernet.

Physical loopback
All physical loopback functionalities specified on full-duplex links that interrupt the link for test/check "in-service" are not compatible

with synchronous Ethernet. Thus, they should be only allowed during the link set-up.

Point-to-multipoint
Some PHY interfaces are designed for point-to-multipoint operation over passive optical networks. Such links use intermittent

signalling for the upstream direction but may be suitable for unidirectional synchronous Ethernet.

Miscellaneous

Some of the older PHY types are rarely used and need not be considered, for example two PHY types are defined for use over DSL.

Implementation issues

Some interfaces transmit signals over parallel cables or fibres. These interfaces use one clock source for all physical lanes, but the
recovered clock (and reference point for timestamping) may vary depending on the definition of multi-lane operation. It is not clear at
this point whether further definition will be required for the operation of synchronous Ethernet over these interfaces.

Based on the above considerations, Table I11.1 lists the PHY interfaces specified by [IEEE 802.3] and designates which ones may be

considered for synchronous Ethernet compatibility, which should not be considered, and which may be unidirectional only.

Table 111.1 - List of Ethernet interfaces eligible to synchronous Ethernet

[IEEE 802.3]
PHY Description Coding Synchronous Ethernet capable
clause
10BASE2 10 Mbit/s coaxial 10 Manchester, intermittent No
10BASE5S 10 Mbit/s coaxial 8 Manchester, intermittent No
(Note 1)
10BASE-F 10 Mbit/s fibre 15 NRZ, intermittent No
10BASE-FP 10 Mbit/s fibre, star 16 NRZ, intermittent No
(Note 1)
10BASE-T 10 Mbit/s TP copper 14 Manchester, intermittent No
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Table 111.1 - List of Ethernet interfaces eligible to synchronous Ethernet

[IEEE 802.3]
PHY Description Coding Synchronous Ethernet capable
clause
100BASE-BX10 100 Mbit/s bidi fibre 58, 66 4B/5B Yes
100BASE-FX 100 Mbit/s fibre 24,26 4B/5B Yes
100BASE-LX10 100 Mbit/s fibre 58, 66 4B/5B Yes
100BASE-T2 100 Mbit/s TP copper 32 PAM-5 No
(Note 1)
100BASE-T4 100 Mbit/s TP copper 23 8B6T No
(Note 1)
100BASE-TX 100 Mbit/s TP copper 24,25 MLT-3 Yes
1000BASE-BX10 1 Gbit/s bidi fibre 59, 66 8B/10B Yes
1000BASE-CX 1 Gbit/s twinax 39 8B/10B Yes
1000BASE-KX 1 Gbit/s backplane 70 8B/10B Yes
1000BASE-LX 1 Gbit/s fibre 38 8B/10B Yes
1000BASE-PX 1 Gbit/s PON 38 8B/10B Unidirectional
1000BASE-SX 1 Gbit/s fibre 38 8B/10B Yes
1000BASE-T 1 Gbit/s TP copper 40 4D-PAM5 Unidirectional
(Note 2)
10BROAD36 10 Mbit/s coax 11 BPSK No
(Note 1)
10GBASE-CX4 10 Gbit/s 4x twinax 54 8B/10B Yes
10GBASE-ER 10 Gbit/s fibre 49, 52 64B/66B Yes
10GBASE-EW 10 Ghit/s fibre 50, 52 64B/66B Yes
10GBASE-KR 10 Gbit/s backplane 72 64B/66B Yes
10GBASE-KX4 10 Gbit/s 4x backplane 71 8B/10B Yes
10GBASE-LR 10 Ghit/s fibre 49, 52 64B/66B Yes
10GBASE-LRM 10 Ghit/s fibre 68 64B/66B Yes
10GBASE-LW 10 Gbit/s fibre 50, 52 64B/66B Yes
10GBASE-LX4 10 Gbit/s 4\ fibre 50, 52 8B/10B Yes
10GBASE-SR 10 Gbit/s fibre 49, 52 64B/66B Yes
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Table 111.1 - List of Ethernet interfaces eligible to synchronous Ethernet

[IEEE 802.3]
PHY Description Coding Synchronous Ethernet capable
clause
10GBASE-SW 10 Gbit/s fibre 50, 52 64B/66B Yes
10GBASE-T 10 Gbit/s TP copper 55 DSQ-128 Yes
(Note 3)
10PASS-TS >10 Mbit/s DSL 61, 62 DMT No
1BASE-5 1 Mbit/s TP copper 12 Manchester No
(Note 1)

2BASE-TL >2 Mbit/s DSL 61, 63 PAM No

10/1GBASE-PR 10 Gbit/s/1 Gbit/s PON 76 64B/66B/8B/10B Unidirectional

10GBASE-PR 10 Gbit/s PON 76 64B/66B Unidirectional
40GBASE-KR4 40 Gbit/s 4x backplane 84 64B/66B Yes
40GBASE-CR4 40 Gbit/s 4x twinax 85 64B/66B Yes
40GBASE-SR4 40 Ghit/s 4x fibre 86 64B/66B Yes
40GBASE-LR4 40 Gbit/s 4 fibre 87 64B/66B Yes
100GBASE-CR10 | 100 Gbit/s 10x twinax 85 64B/66B Yes
100GBASE-SR10 100 Gbit/s 10x fibre 86 64B/66B Yes
100GBASE-LR4 100 Gbit/s 4A fibre 88 64B/66B Yes
100GBASE-ER4 100 Gbit/s 4A fibre 88 64B/66B Yes

NOTE 1 — These rows (in italics) are deprecated.

NOTE 2 — Noise transfer is not measured on a loop-timed interface.

NOTE 3 — 10GBASE-T may support dual master or master/slave clocking (i.e., unidirectional synchronous Ethernet).
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Appendix 1V

Considerations related to synchronous Ethernet over 1000BASE-T
and 10GBASE-T

(This appendix does not form an integral part of this Recommendation)
Synchronous Ethernet requires the relevant synchronization parameters of the network elements (e.g., link selected as candidate
synchronization reference, priority) to be configured according to the network synchronization plan.
The following discussion focuses on 1000BASE-T and 10GBASE-T, as for these interfaces the timing direction could become
incompatible with the network synchronization plan due to the configuration of the master-slave relationship as defined by [IEEE

802.3].

NOTE — The following applies to unidirectional (from a synchronization viewpoint) interfaces. The application of similar rules to links
in a ring where the timing chain might have to be reversed is for further study.

The following convention is used below:
. Clock master/slave: IEEE 802.3 master or slave state

. Sync master/slave: ITU-T G.8264 sync timing chain master or slave state

In order to allow the proper setting of SyncE over 1000BASE-T and 10GBASE-T links, the Ethernet PHY could be configured either
with a manual configuration or via auto-negotiation.

If manual configuration is used, the operator must take care to correctly configure the clock master/slave setting of the PHY ports
according to the network synchronization plan so that candidates for sync slaves are clock slaves and the sync master ports are clock
masters. The use of manual configuration, if not properly done, may result in a failure condition and the consequent loss of the traffic
connection to the equipment.

As an example, if by mistake both ends are forced to be masters, the result is a configuration fault (see Table 40-5 — 1000BASE-T
MASTER-SLAVE configuration resolution table in [IEEE 802.3]).

If auto-negotiation is used, the previous potential issues are prevented by the network element thus avoiding the result of a link not

working.

NOTE - In this case, even if the PHY ports are not configured according to the network synchronization plan, the auto-negotiation
may fail to get working network synchronization (with no indication of such timing discrepancy) but it will not jeopardize the possibility
of getting working Ethernet traffic, and subsequent actions are possible in order to correct the PHY port setting.

A possible sequence of steps to be followed when auto-negotiation is used is described below.

NOTE - It is assumed that these synchronous Ethernet interfaces are configured in synchronous operation mode:
1. All 1000BASE-T and 10GBASE-T ports must allow auto-negotiation.

2. Auto-negotiation is initiated:

. In the case of 1000BASE-T, all ports shall be configured with Bit 9.12 = 0 (auto-negotiation — not forced). If a port is
involved in the network synchronization plan, the port that should act as sync master must be configured with Bit 9.10
=1 (Table 40-3 in [IEEE 802.3]) and the port that should act as sync slave must be configured with Bit 9.10 = 0. If
details on the network synchronization plan are not available, ports should be configured with Bit 9.10 = 1. The
configuration is done as per Table 40-5 in [IEEE 802.3] ("The device with the higher SEED value is configured as

MASTER, otherwise SLAVE"). When details on the network synchronization plan are made available, having ports
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with Bit 9.10 =1 as the preferred default state allows the modification of Bit 9.10 on the sync slave side only, usually

in the downstream data path (see item 4 below).

NOTE — Having ports with bit 9.10 = 0 as the preferred default state requiring the modification of the Bit 9.10 on the
sync master side only, would give a similar result. This Recommendation suggests a default configuration for easier
interoperability.

In the case of 10GBASE-T, all ports shall be configured with Bit U11= 0 (see Table 55-11 in [IEEE 802.3]). If a port
is involved in the network synchronization plan, the port that should act as sync master must be configured with Bit
U13 = 1 (multiport device, see Table 55-11 in [IEEE 802.3]) and the port that should act as sync slave must be
configured with Bit U13 = 0 (single port device, see Table 55-11 in [IEEE 802.3]). If details on the network

synchronization plan are not available, ports should be configured with Bit U13 = 1.

When details on the network synchronization plan are made available, having ports with bit U13 =1 as the preferred
default state allows the modification of the Bit U13 on the sync slave side only, usually in the downstream data path

(see item 4 below).

NOTE — Having ports with bit U13 = 0 as the preferred default state requiring the modification of the Bit U13 on the
sync master side only, would give a similar result. This Recommendation suggests a default configuration for easier

interoperability.

The configuration of the network synchronization parameters in the node according to the network synchronization plan

should be done and checked after the clock master/slave of the 1000BASE-T or 10GBASE-T ports has been completed. At

this point, the links in the nodes that are clock slave can be configured as sync candidate (if the network synchronization

plan requires it).

If the network synchronization plan is available only after the clock master/slave procedure has been completed, and if a

1000BASE-T or 10GBASE-T port is not the clock slave, but should be the sync slave candidate according to the network

synchronization plan ("sync slave"), this port shall initiate a change clock direction (as part of the sync candidate

configuration) by means of the tools defined in Table 40-3 (1000BASE-T) and Table 55-11 (L0GBASE-T) of [IEEE 802.3].

In particular,

In the case of 1000BASE-T, for this port, Bit 9.10=0

In the case of 10GBASE-T for this port, Bit U13 = 0.

NOTE 1 — Any change in parameters for 802.3 auto-negotiation would force a reset of the interface, leading to link failure

for a certain amount of time (variable up to a few seconds).

NOTE 2 — When these steps are not properly followed (e.g., some of the nodes have been manually configured), a specific

alarm might be required in order to notify the operator to take necessary actions.
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Appendix V

Considerations for measuring noise transfer for EEC-Option 2 clocks

(This appendix does not form an integral part of this Recommendation.)
The noise transfer of an EEC clock generally behaves as a second-order system. The main parameters that impact wander accumulation
in the network are the transfer bandwidth and the allowable gain peaking.
A common method to measure noise transfer for Option 2 networks involves the use of TDEV measurements. Since clock tolerance is
measured using a signal that meets the TDEV network limit, measuring the output TDEV will provide an indication of the filtering
provided by the clock. Some consideration is needed to accommodate gain peaking. For the EEC-Option 2, the output TDEV is raised
by approximately 2% to reflect the appropriate gain.
For example, the output TDEV shall not exceed the mask shown in Figure V.1 when the reference signal is at the noise level given by
the TDEV tolerance mask specified in Figure 8 of this Recommendation.
The bandwidth of the clock is approximated by the breakpoint observable at 3 seconds observation time. Details for the approximate
relationship between clock bandwidth and TDEV can be found in Appendix | of [ITU-T G.812].
Note, as per [b-ITU-T 0.174], additional sources of measurement error may need to be considered if using this methodology to verify
the transfer characteristics. According to 0.174, the TDEV noise generation accuracy of the measurement equipment is only required
to be 20%; therefore, the noise amplitude must be carefully calibrated before measuring the transfer function of the clock.
In some cases, the use of sinusoidal signals applied to the input and measured at the output may be suitable to determine the transfer
characteristics of the clock, as is specified for Option | clocks. Given the transfer gain allowed in the equipment under test is only 2%;
care should be taken with the test method and measurement equipment accuracy. The specification of this method is for further study.
The output TDEV noise transfer mask for EEC-Option 2 clocks is given in Table 13 The resultant TDEV is shown in the mask of
Figure 11.

-52 - TR—G826 2



Bibliography

[b-ITU-T O.174] Recommendation ITU-T 0.174 (2009), Jitter and wander measuring equipment for digital

systems which are based on synchronous Ethernet technology.

-53- TR—G826 2



