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5, 778 ARy NU—27 TE, BE, =R —F BlxE, BHF, F231TU-TV0 ET L) OX A I 71
B4 2 BELEYR— MBI TDRMEREDZ A 2 v 7BRIESDSE. (Bl 21, PRC L 0 {RWEKHE) 2FAETED
FREECEM I D h Livn, i IVICEE LWER 2R 2,

65 PNT KA & CES KASY

ZOREIX 2 O ERBIFEE R S

1) Ny hxy hU—27 O ETR{ER Y hT—2 7 vy 7 EEEESTDD A
ZOBBEIZ, PNTRAAL VCBET 2, £L T, Xy hT—2 27 ny 7 #5R LR SWERSR),
ZOMBICET WA X v A HTEICRMET 5,

2) PRIy JEEEESTE
ZOREIZ, CESKAA VICE#T 5, LT —E A7 oy 7 25R LRI (EESR),
ZOMBIZBET DA & v A & HEeic iR T 5,

PNT KA A LCES KA A BT D& 4 BEE BICiREET 5,

7 Ny bRy bI—=YLDOBRI A I UJESHE(PNT domain)
W) e AT R 27 372 D10, S e ENE & BN BOE R A OB RE A IV B E LT A 2 LR

ThoHN&EThD,

AREETIE, "R FIEEZERT D,

1) MERORMR LU0 v U= RHIE (Zhud, FREE Lo SniesRe A I 7155)
2) Ry RER—=AC LT

71 BR#SLURY FT—SREAAE
BN EIZ, PRC D FEE (21X, GPS 2 _—2 L L), b L IL, Mg LERALI-vAZ— AL —

7). (BRI, STMN) 2235, 14238, ZnboiikEE, TDM Xy MU —27 2RI+ 5 72DIT R < 924&
NTND,

Distributed PRC Master-slave

PRC

@
SSuU @ SSuU
@

@

PRC Primary Reference Clock
SSU Synchronization Supply Unit

G.8261-Y.1361(08)_FO1

K 1-PRCHEIFIEE~AF—RAVL—Tik

A=Yy bxy FT—27ZAHE (£100ppm) TH D, LLARBS, FA#HA —H %y FOBE, WHBIC T A Z—2
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VU RIE LR T D Z L NFRETH D, ZOHE, BRRNOT 7B ARET, WEEIZ, Xy bRy FU—7
ETHREA IV TEFIRIEDNTWS, ZOHFET N7y M ry NV —7 E&{R#ET 5 CBR —E 2D IWF(R
v N —=JRHBIE) TOX A I 7Y IANVIZH DTS, EUuE, FHA—V %y FE2HR—FLTWDHHA —
PRy MRy MU= D2y VT 7 EREEETOSRIAN IV IEFEERDZLICHHERHINLTVWD
TLLENEREA — TRy bRy N =27 2 FERT 2 EAKEOFIEICHOW T LR D

7.11 BHA —YRy bRy FT—%

A —Y Ry hRxy hU—2 ETOAL =V Ry NAL v TFNOWEE Y 7y 7 2iET 2 —BEEE K 2 1277,
PRC ~BREFIRETHLOIBMEA IV EFIE. A7 ey 7T aEA L THD A — Ry AL vy FIZAT S D,
ZOEEE. A= Xy Py FA R —AICERESEZANT DN, FHERELZ LTl sh, QBEsnb, [
HIEREE I 7 A NV Z U o TR L R— 0 RA—RNZ BRI D0 RMERH D, MM —V %y b Xy bV —27 2P HR—
N5 7 my 7%, FAA —P %y NEE S vy 7 (EEC) & MEEILD, [ITU-T G.8262]% Sl X,

MTRINDEIC. BREIA IV IRBEEDET 54—V Xy AL v TFRW ONEET D, TOHE., ZhbHDA
—P Ry FAAL v FEFORBIEETIIANE Y AN —ANLRE A 2 A IR B TERITFUIR G2

A

. PRC traceable
PRC traceable Packet SW'tlEhed [ 2 | reference
reference €——----{.~ \ networ timing signal

timing signal

PRC
Ethernet switch supporting synchronous Ethernet
~~

G.8261-Y.1361(13)_F02

X2 - R#A—V Xy hED<wRF—R L —FRHXy NT—27 Df

gD — e LT, LTI TND L2, Ry bV —2r7ny 7 bh—ERI7my 7 TEVIMELND,

FEH A —P Ry FEWIFRITA =V Ry P2 v T Isnd ey bL— 2HIET IRy V=2 7 vy 7T
45, 207y 7 iE[ITU-T G.8262JIc #5724 5,

BEfE DA —H % v MERNTIE, = ATFE LR TH S5, FA —V %> b T BEHFOA —F Ky hh—E 2R
W —bR7 vy nbRATD L) YL — T —Vxy NMEEOTIMINLE ST B D,

FA —H % v b &= LEZFRBIF v b U —2126 L CTIRRET 23, MBEE A SRS 5,
=R — %> MEEIE, FHE 2L LZ0TU-T G.781], R — D% > hORIEIRAE X v & — P (SSM) & {14k
L L72[ITU-T G.82641IZHEHL L 72 1 UL 72 H 720,

72 Ny RR—=RFE

2H/HDFEIE, Ny hTEIENEZAYA I IERERAVD, ZOHA, I3 TREND X IIC, XA IV TIFHEHAD
A DAL T Ay =PIl Lo TEITN D, MEEERYITH LG, Zhds PRC BUE FEICKT HME— DR L
25, DX D RIFEOREANZFIIL, 8k XN THEAZ BTN D,

HALARLTIE, W ohDTa haLitEksL, Fa barofiid, kv NU—Z L7 b3 (NTP)., &k EER

#7 v k2L PTP)TH 5,
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PTP 7 halt, ~AX —AL—TBEOR Y NT—7 TORI 0y 7128 A4 L2 Z T EERT S, BEs LW
[ETERZAER(ToD) & T 5 Z LicfEbivd, PTP X, WIDIEL¥EA— b A= a VB IOMA - WEEEICEAS
Nz, LnLAdn, Hrina—Tsr (XI4HZHR) 13, EXUEEICENT 272008 H LT,

NTP L7y hU—ZEZ 7 1 h 2/L(SNTP)IE, FREZIEH A BT 5 2 & Iamiicfibn s 7’'e ha LT
HD, BT, FUAT Yy MIEEBIEHRZ BT 5 2 LITFHTE 2000 LR,

Ny NEIRIZUEFEZ, 2y NV #HORMSEOV R — FELEL LRV OT, Kk, BEeTHDL, T
ZIT, Xy FT—=7TONRY y MEEEEIMERICEEL 52D, (8 10 HizH) PTP & LIENTP X7y Fowdh
DEMH LI ATy bRy NU =7 DB EE F/IMET 572D, FEZERITS U T, 7747 » MICREER7Z2 7 v Y
AL T R DUEND D, ([ B IOV )

Fy MU =27 OHE] ) — RICKT 2BINEMFT, OO EOHRERD D EEX DT ENTE D, BTV —H#E
DEDLNDIEGA, TABELTWD LIFRLRNI LITHERTRETH D,

PRC reference

|

Timestamp | | [ 1O\ N Time stamp
master processing

Packet switched
network

v
Recovered reference
[ Time stamp timing signal
G.8261-Y.1361(13)_F03

K3— XA LAX LT E L) 77 L2 AREE B O
B A IVTHEREAT O NT y RR—ZAD FIEDH

FE— 84w R &S L HEOREIC SV T, [ITU-T G.8261.1]. [ITU-T G.8263]. [ITU-T G.8265]. [ITU-T G.8265.1]%
SR L, Ty MEREIC LI HEOFEM & B 1222 i TEITVWD

Ny NI L FEEY R - 57 my 73, N7y MR LIEEEBEY 7 v 7 (PEC) LI TW5, (FBEE
B &) .

8 NTYILRYMI—VLEFEEINDEEEY bL— Y —EX(CES FAS)IZHTHE2AZIUTY)
ANy

CBR—bEX(fHl 21X, TDMEE%2 = =L — b LZREIE)IX, EHFOX A I 71337y b Xy U —7 OWH(CES K

AL AATHLTHY, EEY bL—FA M) —LDWERIZELEDOH D IWFIZE > THRbND Z L2 ERT D, —E A

7y JREOERIT, BHIFICO 28 & LTEXIRE, AP —Ev R 7 0y 7 BERIIHI—e 27 0y 7 8

L LTHRESNDIRXTHDHENIZLTHD, ANJTDMEBSDOU R TDM EBICERIENER&E LWV I &

QSN

KIFMETHRT 2 4 SOEA k% TR Citik T 2,

1) 2y U — 7 [FHE A

2) ok

3) B INES

4) TDM#EIRS AT A CHIAEER Y 77 L A7 v
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81 #Fv I —YRHER

ZOJFEE, BRI R Y N2 RAE vy 7 THHPRCH LI —E 27 vy 7 O X9 RFEETPRC (Bl IX,
GPS) ZfEHT 22 LickpERRy NY—VEWEMNZSRT 2, (K4SH) Zhid, PRCU 77 L 2OHEMMEE
BWT 5, ZOHEEIY—ERZA IV T EMEFF LR,

CE IWF IWF CE

Packet switched
network

Synchronization Synchronization
network network

PRC PRC G.8261-Y.1361(13)_F04

The two PRCs may also originate from the same source.

M4- v bU—7 REEROH
HE—IWF~AD SN2 Y 77 Ly AZ A IV 7EEIE, [ITU-TG.823]E[ITU-TG.824| CEZRINADFMA ¥ 7 = — R
9,

8.2 EHNE
MBI ENE, V=BT my s V77 LU AT Ry I DESEFFLL, Ty bRy hT—7 ~%EET S, (K
5 #%W) Ny bhFry hU—romT, @Y 7y LA uy 2 R LT YA uy 7 2EET 5, R
BRREZA LRAZ L TIED-ITU-T 1.363.1)1%. —HITHD, ZOFERY—ERZA IV TEMEFFCE 22 Li3mHFAsNS
RETHD,
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Recovered

TDM timing

Differential timing based on the
messages differential

CE IWF IWF timing CE

TDM B B i T L | messages

Packet switched TDM
network

TDM service clock

PRC PRC G.8261-Y.1361(13)_F05

The two PRCs may also originate from the same source.
(5 — ZEMEITIES XA I 7Y TN @ OHF]

HEL—750050%, BRERTREZRPRCTIZZZWIWFY 7 7 L A7 ay 7 &4 5 0vh Lz, FEBREAIREZRPRCY 1 v 7 1%
TV =g VIR, AIEEOFFESNE T D,
H2—IWFOANTOY 77 LU AFA I U TEEE, [ITU-T G.823] L [ITU-T G824 TEFHKT HRIMA v ¥ 7 = — R ITfiE

Do

8.3 MK
WISETIE, 24 I 7337y FOBERHEZES LEYy 2y 77 ORHIZEIC L TEILEND, ZOFERY—

ERAZA IV TR TE L ZLITEMASILI~ETHD (M6EH),

Recovered
TDM timing
based on the
Adaptive clock recovery adaptive
IWF clock CE

TDM | e recovery |

Packet switched TDM
network

TDM service clock G.8261-Y.1361(13)_F06

X6 — JEISIEDOB

84 TDM#&iHI AT LTHAMRELASEI OYY
U757 Ly AZ 0y 7 %% TDM &y 257 A CRIFATREZR . ZHITEBAAR Y — AN, W AT A3 77 L2 A

Iy JIZEET JEATELOT, IWNFDLLHASINAEZEETTED, TR, XA IV T 2B T 208N
v,

TDM A > H 7 =2 —ATDO IWF NONM—T XA I VT OERIX, ZoFEOFEEDO—FITHL (X758, il LT,
ZOVFTUANEHAINDDIE, 250 PSTN B N7y bRy N =27 2B L TR INDINFTH DL, Z0HAE, &#
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G
e
K
palll

RO GFIIT VA NAA v FTHY, AV v TEZHEAT L EBMETH D,

CE IWF IWF CE

A}
v
s
N\
A
A4

Packet switched

TDM ! network N TDM

Synchronization Synchronization
network network

PRC PRC
G.8261-Y.1361(13)_F07

A
J

A
A

The two PRCs may also originate from the same source.

X7 - TDM#&S > A7 5 TR FTEEZRPRC SR 1 XV J{E B O

9 v hI7—YHIR
9.1 CES=®vy k7—7H#IR
ZOHITTIE, CESIWF o714 (K B.4 @ CESIWF HO&REL 7 XOH ) IZBIFA2TDM Y 7 O3y h T — 7 #|R

AEFRT D,

ITU-T BE(3 75 [ITU-T G.823] & [ITU-T G824 THIEFFE SNV v ZB LT F x> T — 7RI, AR
HECREDOH D2 TOY T VA THE ST hiZe b,

ZOHITIE CES /AL FROT A 72 FIZBL T3 DORRDBAL TV A EIERT D, T HD L) U 44 % D CES
AL ML THEIIND (STMINEEEZBRWZ) TDM "7 7 4 v 7 A VB T2 —ADV v X B LT U ZIEARET
EFRIND,

( [ITU-T G.823] X [ITU-TG.824]D 6 HiTHIESND L D7) FMlA v F 72— Ly bRy FU—7 THEITND
STM-NE B2 rIRE72 % > b U — 7 HIBRIZAS t OMGHRETH 5.

b DAL, [ITU-TG.823]D 5 B & [ITU-T G.824]D 5 |z LiuiE, WE# LS5 51E, PRC £ CHNLHAE, 0
BREdrATE, ELLEMET 22 L0 TE 2BEEICMIT 2RI A IV IEFELLTHATES (BEAr—2 21
T BET NIRRTV AO—FITHD),

I - ZOETH RNy Y =7 HIRIZ, EFREET BIIX, MESRECA T F o 2THDRRWES) TF
ThDH, ZNHORBRIEHN SN LHHEROESGELRET DI LI, Z0fEDAa—THTHD,

9.1.1 Y FI—VHBROERLGEDRY PO ETIL

PDH {5 5 DIEEICB LT, [ITU-T G.823]DK Al DEF /L L[ITU-T G.824]D[X Al DEF/VIE, CESEZ A hOfFA
ERATOHENTH D, CES B AL MIHT LY HBgE, BEROT S F AT xy MIEY DXy T —7 TH
AEn2F iz 520 o T [ITU-TG.823] X [ITU-TG8UICHESIND X2 ICBEDT R Y >y hO—F TR
TR B 720,

CES 7 A v FOLFNKAF LT, B0 XEENEH SN D, CES HMADET AR Oniflah T, =
NHOETNE9LLLAL 9112 HBLO9LLIETERT D,

— 40 — TR-G8261



FEL-ZOHiORIT IWFIZE DX A I T ORIEHTE, 20337y bRy NT—7 TOXA IV TEMEDOHEICEL
TOFEMEZR LTIV, SOLRLEMITERLIVSELSZROZ L,

E2-ZNHDET VT, 72l2—DDCES TA 7 ¥ RAWRENTWVD, ZOCESHEIEZ AL MK LTOAHT N
Vv NERSTHIEEANE L TNEINGLTHD, BEY VX AERND CESITE Sy SN2y FEUHTH DR,
BED CES VAT AR H DN H LIV,

BEOT AT FeB U v X RIS HRORFRETH S,

9111 ®J/AY—R 1

CES 7 A2 FM[TU-T G8DHIET ND 2 DDAAL v FROT A T Rizhpr L, VoF "V xy MIK 8D
EFVCESOTEHEAE SRS, ZOET VT, [ITU-TG.823]0K AL B L UTU-TG.824]D K AL IZHASNT WD, HEk
DSDHT A Z 2 FDSH 1 DB CES Xy hU—2 TEIBEINTWDLHETH D,

Synchronization Synchronization
network network

Wander budget

I for the CES, Case 1 R Wander budget
for the CES, Case 2

Packet |
(it - (er)-cH
. } Packet
Equipment CES lIsland Equipment network

w/ slip-buffer w/ slip-buffer
termination termination
CES Island | EWE M

N =4 for networks based on 2048 kbit/s hierarchy End equipment

N = 8 for networks based on 1544 kbit/s hierarchy .6261..1361(08) F08

M8 A —A 1L22ACBI D T T4y brmy IO
U BBICHT DRy NU—7ET L

2048 kbit/s 155 IZBT 2V v Y = v b B IR KAFLIFREREMRTIE) TR L, R LITRT, BRELTELIBRE
M7 fkk %2 X 9 IZXRT 5,
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#F* 1- AT —2R 1:2048 khit/s{ > % 7 = —RIxTHI X RV v b

T T s MRTIEZ
T(9) (ns)
0.05<1<0.2 10.75 ¢
02<1<32 9x0.24=215
32<1<64 0.067 1
64 <1 <1000 18x0.24=43
FEFIHIRER IR LT BEFTREZ I KIERIFREIZ80s Th 5 Z L ITIHEET 5,
FERI A & 7 = — AITKET 58057 5 100siH] DB T4 % OMRFTHRE TH 5,

10

/i A R

MRTIE (us)
AN

0.5 f------

7 5[ EE—— /

1
32 64

Observation interval t(s)

00 1000

G.8261-Y.1361(13)_F09

X9 — EAS—A 1:2048 kbit/s{ > ¥ 7 = — AT AT ARV = v b

2048 kbit/s (5D Y v X F v MU —7 HIRII[ITU-T G.823]D 5.1 iz T & ThH D,
1544 kbitls (F5ICBET 2V ¥ 3V x v M RKRFZHRBIRZEMTIE) TR L, & 2 IT77, MR LTAELLIRERR

A2 10 IZKRT 5,

T2 - A —RA 1:1544 kbit/s{ > X 7 = —AZKTHT L HZ N v b

RIERRE (1) MTIE
BGLER BfIIE ps
1<0.1 No Requirement (see Note)
0.1<1<047 451
0.47 <1t <900 21
900 <1 <1930 2.33x10e-3 1
1930 <1< 86'400 4.5

- AT Y Y FBERIZE D =D
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045 f---------- /

MRTIE (us)

T

0.01

0.01 0.1 1 10 100 1000 10000 100000
0.47 900 1930

Observation interval t(s) G.8261-Y.1361(13)_F10

#10- A —RA 1:1544 kbit/sA > & 7 = — R THT L EZ AT 2w b

1544 kbit/s 55 DY > Z v MU —7Hil#iX, [ITU-T G.824]D 5.1 fiizflid & Th 5,
E-CES &/ # o b L CHE#EIZN S Z Do PDH{E5 (34’368 kbit/s. 44°736 kbit/s 35 X U 1397264 kbit/s 1E5) (%95 %
v FT— 7 HIRIX, SH%ORGHEETH 5,

9112 ®J/AY—R 2

FY =g A

CESEZ AL FRAY v I Ny 77 G REEOMIDLHE (MBS, A v F DU FA I IHRPBE SR
FiuFe b2, ZOEBEOH T, NIy I EEOXAIUTE, NIy ZEFICRTAHH LD bRk LWIRIEIE
BT HRy NI —FHIREHRET D725 9,

ZOBABEDCES BT ALY FDOV v E ATz y RBEIOT Y #3Yx » b, 2048kbit's > b U — 27 #I[R ([ITU-T G.823]
DO 1ZH) L 2048kbit/s A >4 7 =—2 %y hU—2JHR (ITU-TG.823|DX 10 &) L DZETH D, Z O
% MRTIE TE L, K3ITRT, #iRe LTELRAEMNRMERZX 1L ICBURT 5,

F3— F—R2A: 2048 kbit/s A v X T = — RITHTH T L E AR v b

B 7E Fil P MRTIEZE R
T(S) (us)
0.05<1<0.2 40t
02<1<32 8
32<1<64 0.251
64 <t <1000 (Note) 16
FEFHMERIZ R LT, BETREZ R KIERIFRIZ80s Th 5 Z L ITHET 5,
FERMIA & 7 = — ATKT 58052 H100sE DM TS % OMFTHRETH 5.
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I {

0.01 0.1 1 10 100 1000
0.05 0.2 32 64

Observation interval t(s) G.8261-Y.1361(13)_F11

[X11— 47— A2A: 2048 kbit/s1{ > % 7 = —AICKT AT E AN 2w b

1544 kbitls A > 2 7 = —ADEE, AL DERIZS—A 20T 7Y r— a3 STHEMT D,

H1-CES &7 A b ECiEIFN S Z D> PDH{E 5 (34°368 kbit/s, 44736 kbit/s 35 & TY 139°264 kbit/'s 15 5) 1Zxf¥ 2%
Xy MU= HIRIE, S%OMFRETH D,

7Y r—272 B

ZOGE, TV = aiETIDMEEEB L TH A IV T2 HET S, Lo T, Z7avy s L5 —XXRA—EEN Dl
HaEnsD T, Z7ay 7 ) ANY ORIRALIMNCIE, 7ry 7 ETF =2 ORICESDY v 2T 2 ix7euy, CES £ A
VhDOTUENRT 2y NI, TV —va BRI, EHBER)TERIND XA IV REIL L o TORSIR S 4,
[ITU-T G.823)iC & » T L bR S Hu7avy,

H2-Z0T7 7V r—vaid, B—0OREEFOT T r—a Vi LTORENTHD, 2 DOEFNZESND
ELINBDIHLDO—HDEFIIRT LYy RV XL T OEEPBHIHENTZ /vy 7 DV Y ZR0U U H L7
D0 LR,

9113 HA#H¥—XCase 3

RIEFARTEIC, SDHT AT ROHITY XA IV TREEINTWDH & & PDH H )OS IREIL, FHA >4
T2 —AOMEFRIFETHD, 20D, W ONOHKTIE, BATZF—R2207 7V r—v 3 AETUV VAR 2y
RAIRLTH2E bR, ZOHRA, F—EAI By 73T F - 2y FTREFSARN I LICEESLETH 5.
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Synchronization Synchronization Synchronization
network network network
Wander budget
L for the CES, case 3 R
SDH Packet |
_X_ " sland N-1f R IWE WR1. X | Wi
Packet
Equipment CES Island Equipment network
w/ slip-butfer w/ slip-buffer
termination termination IWF
R Retimer End equipment

N = 4 for networks based on 2048 kbit/s hierarchy

N = 8 for networks based on 1544 kbit/s hierarchy G.8261.Y.1361(08) F12

K12 - A —2R 3+ %

9.2 PNT ®v FT—2 IR

A —FF > b (BECA »H T x—R) ODPFH LRy h_"—=2D 71wy (PECA VX7 x—RA) ORFALETHE, F
v hT—=JFFNVEME LRy FT—ZHIRITRI 2 IZERI D,

Rz, A —Y2y MCESKFETF = — Ol (B2, AT =— 8357 ey 708, 72E) &, [ITU-T
G.803]. [ITU-T G.823]% L UNITU-T G.824]DEF M L B,

D.LIZHl &R, ZOFNIRT L HIZ, SDH BREREA —Hxy FERBIESNDNA TV v FOFEESRBEICTR— |k
T57H, Xy NI —JHIBRBBNERIND,

E-ZOETHEZONA Yy MU —ZHIBRIEL, EFREET B2, MBERGA VT o 2MTABRRVEE) THA
Thbd, ZNoOHIRBEA SN HREMMRORIGERFETHZ L%k, ZOBIEDRAa—74Th D,

9.2.1 EECA Y27 x—R%y bD—5HIR

ZOETE., RF =— BB EECOH A TOF vy N — 2 HilK%EHKT 5,

FE- T B OBIBRIE R RS v RV — 2108 5T R CORTHEATE 5, W< OBOT 7Y r— 2 L DR,
FLLTT 78RRy FU—2 DORA, Hish2%E (BET57 70 r—a D OFITE IV 2IR) OFFFEREC
Lo TV LU EERAETHA =Ry MEENLXA I TE2YINYTHZ ENRARELD LIV, ZOHIT
EZINTHIREZRE LRWA —Fxy M o7 OFHIL, AXV—F BT TH D,

9211 EEC-AT2arvi1 Av47x—RFxy cI7—9 TSR

EEC-1 DH A v H 72— ATOI T HF Y hU—7#lR%E, MTIEIZBRRE LE 4187, fRELTAEL DR
AR R Z X 13 IR T D,

HE-EHERFEUTCOICH T 2 6D TH D, 705, BEIZPRC DU ¥ &g,
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#F 4-MTIECERBENFEEC-A 7Y a V1AV H T 2 —ATD
T U HEIHRT Ry U —Z IR

I %E fEl b MTIE 3R
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Observation interval 1 (s)
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EECAT Y a LV 1DHNA L Z 72— ATOI U FICHT DXy 8T — 27 HilfR% AR Z(TDEV)ICHE LR 517,

AR L LTAELIRENMEEEZK 14 ITHRT 5,
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Observation interval t (s)
G.8261-Y.1361(08)_F14

[€14 —EEC-A 7 v a v 1A( v % 7 = —ATOHY ¥ (TDEV)
WZxtd 5%y b T —7 iR

9212 EECHFT>av2A4vEI7z—R%Y 7= 54IB
EEC AT v a2 OHIA v X 72 —ATOT U ZIZxT D3y U —7#lfR%E TDEV TEILIZHL DO EFK 6 1TR7,

FERE L TELLZRERMEEZR 15 TR T 5,
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Observation interval t (s)
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FKTI-EECA v BT x2—A %y NT—27 ¥y ZHIR

187 —R i
2048 kbit/s [ITU-T G.823]%E6.18i A &M [FWlA % 7 = — A TOMIIY v ZITxt (1)
2048 kHz T 53y hU— 7 IR, SECE K
1544 kbit/s [ITU-T G.824]56.1{fi & S : ¥y X IZxtd A%y hU— 7 HIR
STM-n [ITU-T G.825] 5.1 2 B/ ¥ v Xk T 5%y U —2HIR
Ethernet ([FI3lf —% % > 1) | K7ax B (1£2)

Hl- Vv ZHIBRIX, SECN—ADRMF v bV — 2 RLEEC-SECHEAHEAE & O L H M ABHRE 2R T 5720,
[ITU-T G.823], [ITU-T G.824] L T* [ITU-T G.825]1 B L T 5%,
2 -nBM <208 #E LIZEECOTF = — T, BHxy NU—27 Uy Zid, TXTORDHEECHE ORI I1(Fl 21X
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s TT—2 BIEREL, -3 dBAEM E—7-E—7iRE
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HA Y » Z BN A T, BE$ H[IEEE 802.3]Y v # BN MR SN HNE TH D,
T 2 -1GIZIZ1000BASE-KX, -SX, -LX #&ie;~v /L F L —1 A U ¥ 7 = — A TA % OIS

¥ 3 -10GIZiF10GBASE-SR/LR/ER, 10GBASE-LRM, 10GBASE-SW/LW/EW % & ie;~ /L F L —2 A U B T = — R |35

DFRFERE
£ 4-1G

1UI=0.8ns

10 G (10GBASE-SR/LR/ER,-LRM) 1 Ul =96.97 ps

10 G (10GBASE-SW/LW/EW) 1 Ul =100.47 ps
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Synchronization Synchronization Synchronization Synchronization
input output output output
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1544 kbit/s 1544 kbit/s 1544 kbit/s 1544 kbit/s
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—>EHY EEC1 ETY EEC2 ETY EEC3 YT EECn —’EHY
traffic synck synck synck traffic
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ZOHITIE, Ny ER—2DEEE I vy 7 (BED PEC) D PNT R AL M7 AT RICHL T2 oD 5E
ATV Faftnd D, PEC A ¥ 7 =— AT 2V v 21V o ZHIRIE, 4 DT F U AITH LT, ZOHiCESR
N2, PEC O A CHMATREZ2 R v R T — 7 HIBRIZ[ITU-T G.8261.1] % & MR X,

9221 PECRY FI—VHIROERLLDIRY FO—IETNL

BB A I TEEDEEICE LT, [ITU-TG.803]D[X 8-5 DEF /L L[ITU-TG.823]DX B.3 DEF /LI, PNT &7 A
N OFAE T D HBEATH D,

PNT €27 A bOBFFNKTFEL T, B0 XA EEREA SN D, PNT EADETANN OIS 5D, b
DEFINVE ZOFHTEHET D,

E-ZOHORIT ATy FHy NI =7 TOX A I ZEEOHIEICE L TOFEMETR L TUIWRY, S50 M%7
HaBHROZ L,

PNT #ZA s —X1

PNTEAS —R LICBET2ETAER LT IZ7T, 20— %, TDM BEOHIN (21X, SDH =° PDH) %7 %
MHYIZRTy FR=ADFy MU= HfO LICEESN DY AZ — AL —T >y hU—7 [ZBET 5,

R (BT A) I FR Y =27 O—EA PNT £ 7 A2 hCEBINHEZRT, £2, AR (EF/VB) I,
PNT 27 A b RiCEEICEES RS Y N —27 2RT,
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UTC UTC

I PNT-F
PEC
SSU 1
PNT-F,
PEC
A ( PNT ) B PNT
PNT-F,
PEC v
|——>‘I SSUN ’
PNT-F
PEC
Synchronization interface at which |
the network limits apply: !
—————— PEC output
SEC output
SSU output
mmmm— PRC output -]
v G.8261-Y.1361(08)_F17

NOTE — The PEC is the PNT-F clock that is relevant in this model. The deployment of other clocks in
the network (e.g., deployment of part of the PNT segment based on EEC and part on PEC) is for further study.

17 - TDMX—Z D[RRy R T —27 D
PNTt 7 A MEHRES (BEF/VA) £721348T (£5/4B)

9.21%1 (EEC Ry FT—ZHlIfR) ICERZEIND L OIZ, Fy bU—ZHIBRIZ, ET VA LET VB O FICHA SN D,
PNT #A S — X2

PNTE A —R 21T 2ET V2K 18 IR,

SO —AX, SRT ) = a v (B TR HR EE (BTS), 8k IV BR) IS T A IV ERREETH L
WZREET 5,
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UTC

PNT-F,
PEC
PNT
PNT-F
PEC
Synchronization interface at which v
the network limits apply: End
n
—————— PEC output .
mmmmmm PRC output equipment G.8261-Y.1361(08)_F18

NOTE — The PEC is the PNT-F clock that is relevant in this model. The deployment
of other clocks in the network (e.g., deployment of part of the PNT segment based
on EEC and part on PEC) is for further study.

K18 — IR T 7V 7 —3 g T TZPNTZ 1 2 v VR E

AT —A2 Tk, BRITHRICE > TRESND, ZNOIE, ELKENET 5272017 7V r—v a ViR ERT 51
EREIC L KRBl D,

BeoT, MAZF—A2{ZBITAHPNT B AV M, 8R7 7V 7r—ya U CHFRSNDHIE (B, [ITU-T G.823]1»
5HEC[TU-TG8U4]D S HTERSNDI L IR I T v I A U H T2 —AZHTDF Y FU—ZHIIR) £ TY v aRU v
FRERT DI ENTRIND,

R 7 ) r—a ZBRE L CEAATRER R v b U — 7 HIIRICEET 2 R 26113 V.23 BilCRiHE T 5,

10 R4S VVBELEY—ERIB VY YANIAEEEZRITT /N7y by I —V DESE

RETHE, Ty bRy NI =BT D Ty 7 20X A IV TIERICEL 5.2 D eBEFEIZ OV T

Do QI TRARMIZEREN TN DI 2 b— b SNEEBEC Y AANY Shiey vy 7 ~OEREMHD, BIfFRE T T
W ENRTER LRV LTI TVWEIHD LT 5,

BARMNZ, WEIIELA Y12y P2 280N TAy 77 2T 5 DICMEE R D, 4 HOPDH, SDH ) F 7
VAR—FFRy hT—27 (OTN)R Y hU—I DL 7L AT 1 Oy 77 L, ZTOMEIGEEITHEMBETHDL, OF
D, %y FT—7 ~OMNEEFE KL NFR Y T —27 95 OFHMEEHREOAEIL. HIFED Ry bU— 7 BERNE
THIEENTEBY, ZHIETTOM Xy Y =2 IS 23y NV —F U TEETEZ LN TWD, VAT LT ry 7T
MZT, A%y ZRAIOTZDDNSA FRRA I ED A= RANE, Ny 77 OFEBRE LRI 0y 7 RAA O
DIE=DIZHNONDFETH D, *y MU —7RETIE, BHEBERH 2 R/IMET 572018, Ny 7 7 1 AR S
5, SDH DL I RLAY 1L Xy NU—ITiE, Xy hT—2 270y 2L 7 0 MpbOEFICEESNEZY v &8k
WIEY y Z LL & ORICESEZ2BRR 5 5.
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23Ty FUALVTORBENER SN D, 2O KD E . ROV — B R ZEM T 2 72 DI L E R R OR L D A7
ZRkshd,
SDH X972 bA ¥ 1 Xy bU—2 LR Ry NU—r T my 7 LRy MUROTZDHD Ny 7 7 B EHER 72
B, LERoT, Xy hU—2 XA I 7, ZRBHDOXy RU =228\ T, 7 v N OIRIEE S % i3 5 7=
IR SN2, 7y ALy FRTERS N DMFEHIX, TOM IZBET 51 24 7 == ZADZRIZIGE T, —kH
WAL T OWELA YDA U BZT7 2= Ak T 2RO DG ETTZT Z ENBERINDDHTH D, MR~
DEREAIL, SDHIPDH O L 9 Z2EFEDF v b7 —F o JHEHIC L 52 b b,
LAY 23y hU—27 50 B A Y CHESN D —E R (IPTV, MPEG-4 72 &) DX A I v JELRL, BUFD/ 37
MRy N =7 OEHMEFZT212DICRESND, EORIRY—CRAIHERIA I TS, F—EALAY
(H.264, MPEG-4 72 &) TRESLEND,
LNLRD, X7y bRy NT—7 OB LA YORREMFESDH 2 &) TH Y, 77X T T—va v b4 YR ERFIHI N
AIREVEDN B Do
FREDRFE T, HRINT Y bRy N —2 2@ U TIRESND, 2EV, A4 IV THEREZEERVERHFRTH 2,
ZE, FHEIRZA IV TIHROGBEEALE LT —E R LT, HIEOEROIWE 2D 55, =2 K-to-=v
ROV —ERIZL T, =N A YOI A I THEIZ, 7747 2 PORMERZ Y R— MO BEPH L, BHEH
72V A % L(PDH, SDH & * OTN)DHIIFINHIZIBNT, Xy N —2 I my 7 ~OESHIEZ, 7747 MaEBEDH A
SV TERE A FFO X OICEEMICERE SN D, =LA YR ITA T NDEA I T EYR— N TERN
BNE 7 94T hDEA I TEREAET DR DOFERMIEL 2D 55, ZiUT, Ry NI =227 57
T—va s A Y TEEIND, ATMAALL B ZDHITH D,
Ny Ry NU—27 TORFEIL, MSHTFEEZHWLI Y —E 27 a0y 7 O U CTERE LS RITT, AEiTE, £
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B2 FCiEy vy 7 &R T 2,
The following performance parameters relating to packet network impairments are defined in [ITU-T Y.1540] (for IP networks) and
[ITU-T Y.1561] (for MPLS networks). Similar performance measures for Ethernet networks are also defined in [ITU-T Y.1731].
UTory vy T —7 OREEICBEET AMEREICET 237 X=X, IP Xy hU—27 OEAEIZ[ITU-T Y.1540] C,
MPLS > U —27 OFAITIE[TU-T Y1561 CEF SN D, A —H Ry bRy U —7TkT D EEROMERRIZE T 5 %
FA—HE, FENTU-TYIT3LCEFZ SIS,
1) Ty N DIGHGEIE & | EAEZE )
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10.1.2 @Gk
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AL FRN—F BT D72 58 S OBIEL | RIS TS D Z LIIRFRETH D, Ll 731 ADAT
KU I D | BIEOENEZ THITE D2 FAREETIH D EBZ D, LEER-T, Ry NU—=2I1ZBWT, #ifid 237 v
FMETOBIEE T by 7 ARIMENOMERS L B2 LD,

10.1.2.2 {EFKEZEEES
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Ny bRy U= hbiiianies vy 71k, oD TIRWEREZES) & [ — A8 2 5o 1ok & 2 5] &
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delay i
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Delay 4
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repeat period | | L T

_ Launch
"~ time

Queueing delay experienced by incoming packet stream over time
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Packet switched
network
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Network clock (clk3)

PRC PRC G.8261-Y.1361(13)_F24
The two PRCs may also originate from the same source.
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----------------- Packet switched N T"--..| differential timing messages
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l Network clock (cIk2) Network clock (cIk3) o108
- Synchronization Synchronization
TDM service clock network ek

PRC PRC

The two PRCs may also originate from the same source.
25 — ZENEICHKT DTy h Ry b U—7 2l LT
TOME S DIREICEHD L 7 7y 7

ZITUTOERBYIZRS,

. TDM{E%, PDHE/IESDHAE AT 57 1y 7 (H Dclkl)
FLAEDEENBIERMTHL Z ENEXNDIN, K7 vy ZIXIHEHD LvZau,

. BAIVT Ay E—=VOESERICHVONL Ry NT—27 7 my s (-FdDclk2)

. BAIVT Ay E—VDESHESLTDMY vy 7 (M oclkd) & BETH2DICHVORL Xy hT—2

smay s (KHDclk3)
INbDrvy 7 EDEDE D RAAMEE TH TDME 5 RO EMESE 25 & 27,
TDMEEHANTELWA A I 7 EBETH720ICER L7 (Thbbekl) &, TDMEEOHREHZ oy s (72b
Hoclkd) 1XFE CEMERNE (7203 PRC W) 2RI 5720, SH200E, ERESNER Y v 7RI
HTERV, EAY A ZTHEDHENIREFSNDRETH D)
WHEAICBWC ENEA IV T Ay E—VEERL . TDMZ 0y 7 2HAT L5y hU—2 71 v 7 (clk2 & clk3)
T PRCICHNDBIRA A I VEHICey 73D, LarL, ARy FU—27 TOREREOMIC, Zhboray
JIEAR—= NV FA—=NE—= RTEET 57 0y 7ITHNIZREIAN IV ITERFIIR Yy 7 SN2 THA D, BEREOMIC
BWTH, ZnbD 7 vy ZIE[ITU-T 6.822]1Z-T A Y » AR BAEIC RS S W R A —/ FA— Rzt oZ L &
T5,
Ry FU— 27 M OBEEERBRREER TZOR—/L A= A5 7 2 v 713 IWF B & TOME SUIEEE AT
R A b (B2, FMEXR Y FU—7BHRFETILSASE) [ZBWTHHERTEE2 S LRy, &b BT 224t 2
ZliFRy N REAEOEE TH D,
RIHE L OB 2 R HT 572012, BEMEDM S hOFFIISLETH S, (BT SSM)

12 7y r2xy FI—OBSBETIVICEBTSELLRPFETOHR LIER

RIS Z BT 251k (PNT RAA YY) & TDM P —E R (CES RAA V) OXA IV T #BIET 5 HIEICET 8%
. BEOT 7V r—ya VBT LRy U= U AR LY B s,

— 59 — TR-G8261



12.1 CES FAA VD&%
UTOLF I Izt Q1fioxry NU—2FFAE8R) ofBET THESNA TV S,

1211 TDMHY—ERDAA IS5 EEDEHDEHE (BAY—R 1)
COPDHEZICHTE Ry hUT—JHIBRITEAr—Z21 L LTHEILLIZBWTERIND,
Ny hxy hU—7 ETEREENS PDH DIE 5D X A 2 ZREIFLLFOFEICE Y EIfTE8N 5,

. PRCICHMI ZIE B RIWFTAFREET, TN —ER I By 7 Z5F5 T OICME L SITVRWVEFIZ, £y b
U — 7 WM EET 5,

. PRCIZ#I 2 ZIRMBIWF CAFRBEREMNE, ZOEICE 2T, =R vy 7 &BFLHZ ENHEER D,

. Ay b U — 7 MOIIEEREAFIE TR/ EISE, ZOFEICE T, Y—ERZ my 72555 2 ENFREL 7R
R

FE - b0y AT, Ry M= HIBRIIMEICHEIND, LML, Xy NT—IRNET LA (D72
CEBMBIVICROND T VA2, T UA3) I TET /MEEIND 56, BEINETLIHITERIND K
DTy N = HIRICHEILT 5 Z L 2FFAT 2 Z L MREE LD,
HISENET B (VS 2> TET MbINery NT—ZIZERATE 508 5003, 4B OB
EET D,
ZDLF U AHO SDH 1E Bmkl T4 B OMBREE L 45, 2048 kbit/s PEEIZHES< Ry FU—Z[ITU-T G.823] & 1544
Kbit/s kbit/s FEfEIZFES< Ry h U —Z [ITU-T G.824] |2/ UTz[fiA > % 7 = —R(ZHt o 72 SDH G B DIzd Do 1 v 7
FEENRIZTREMELNVICERTHRETH D, v NI — 7 AMEEEZ YA — N9 5720 7.1 HiF T S5
O RGIEOHERIL, TN DDERRT-END Z L Z2RIETE 5.

12.1.2 TDMHY—ERDAA I EEDE=HDEE (BEAY—R3)
ZOBEDPDHEEDODFR Yy hU—7HIRIZ 9.1 HiDr—A 3 TEHEIND, N7y bxry NU—7 D LETEES
NDHPDHIEEDH A I 7 EHEIZLLTOFREIZ LV EZfTan5

. PRCIZHMIZIEBMRIWFS TATRRET, TNR—E A7 0 v 7 ZFHOICHE L SN TWRWEIZR Yy F Y
— 7 WA EET 5,

. PRCIZ#l 2 ZIRMRIWF CAFRBER N, ZOHEICL>T, Y—ER 7 ny 7 &2F5Z LRFREL 2D,

. Xy MU= ROBIEEEB D HIE TR R BN E, ZOHFEICL-T, =R my 72552 ERFREL R
R

- ZhoorFUAT, Xy MY —Z#IBRIZ12.L1H O T U AN CT—EICHE S D, BIIEIT.LHT
DEHBRDEIINT=R Y b=V HIRBTHFAIEN, Xy b= BET VAL KT IHAICRKESND,
HMERET ABIEVMER Sha y N —2 AT 2581%, 4% OB E T2,
2O U AHD SDH B BREITA B OBRFIFEE L T 5, 2048 kbit/s BEEICHES< * > b U —Z[ITU-T G.823] & 1544
kbit/s FEfBIZIES< Ry B U —Z[ITU-T G.824] IZJi L2l A v % 7 = — R H -7z SDHEH DD 7 vy 7 |l R
RIETREGELVVHEHTD2RETH D, 2y NI =7 FAMEELZ VA — N T 570 71 HiFR THHEND L 572
FEOFERIZ, TN OBEMNMIZEND 2 EEZRAETE 5.

1213 TDMHY—ERDAA I/ EEDEHOEE (BEAY—R27TV5r— 3V A)
ZOWADPDHIEZDTZODF Yy b T =7 HIBRIZ 901G OEANr—R 27 7)) r— a3 A TEREIND,

— 60 — TR-G8261



ZOBBRIWTAT Yy bRy T =27 D ETIREEND PDHIESD X A 2 v ZEIEIZLLTOFEIC L 0 EITEN 5 -

. PRCIZEDDIED Z ENTEDEZPEHMDIWFTAFARRT, TR —ER T 0y 7 25572l LE
SNTWRWKRZ, Ry MU — 2 REREET S,

. PRCIZEDDIZFDHZENTEDY 77 LU ABRIWFTAFARERZESE, ZOFIEIZL-T, y—x 71y
JESEDH I EINTIRRE TR D,

. Fv N7 — 7 ROBIEEB A HIE AR EIGE, ZOFEICL T, BRI r Y s EFDHZERAREL T
R

H- b0V T VAT, Ty MU—ZHIBRIZI2.LIE O VT ) AT EICHE SN S, #ISEITI.LE TO
EEPENINTZR Yy NT—ZHIRTHFAIEN, Ry NT—IBET VAL —HTHHEGIRESND,
BISENE T ABICHEVER SR >y U — 2 ICERT 25681, AR OBRFREEE 35,
ZDYF V) A O SDH IE FAREIT S % OMGEE L + 5, 2048 kbit/s & (2 HS< %y P U —Z[ITU-T G.823] & 1544
kbit/s kbit/s P23 < % v U — 2 [ITU-T G.824] (ZI& UT-[AMA v % 7 = —Z|ZfE~ 7= SDH E B0 70D 7 1 v 7
FENRICTREBELNNVICERTHRETH D, v NT— 7 RMEEZ YA — F T 572D 7.1 i Ciill s b
Lo RFEOHERIZ. O DEMENT-SND T EEZRIAETE D,

12.1.4 TDMHY—ERDAA I/ EEDEHOEE (BAY—R2F7FY5r— 32 B)
ZOWEADPDHIEED -0y h T —ZHIRIZ 9L EhOEAr—2 27 7Y r—ar A TERESND, ZOHE
W27y R Ry U D ETIRIESND PDHIEZO X A I JEEIIU TOFREIC LV EITEINDS -

. PRCIZEDDIED Z ENTEDEZVEHEDIWFTAFARET, TR —E R0y 7 25572l LE
SNTVRVIFHZ, 3y MU —7 RN EIET 5,

. PRCIZEDDIZDZEMNTEDLY 77 LU ARIWFCAFARERZENE, ZOHBIZL-oT, y—ERxImy
JESEDH I EINTIREE TR D,

. Fv N7 — 27 RORIEEBASHIE AR R EISE, ZOHEICL 2T, =B A7 Ry 7 &25F5 2 ENAREL 72
N

H - Iy YA TRy U= HIRIE, @FITU-TG.823| L [ITU-TG824 N T 7 4 v I/ AV H T =—R
FRAZTRT D Z LN TE DRMHERORITEFEL CVET, Xy N =7 BET LA S TET /MELT
EHWAIC, BISEITEYNIC[ITU-T G.823] £ 72 1% [ITU-T G.824]ICHEHL 45 Z L AT RETHH Z & MEE
Shd,
HIENET ABICHES TET /MEIND Ry b =2 IZBWTHWOLN L HAICE L TS % OMRGHEEET
HD,
ZDYF U AHD SDH E BRI S % ORGIERE L 3%, 2048 kbit/s 125 < % > F U —Z[ITU-T G.823] & 1544
Kbit/s kbit/s FEBIZHES< Ry v U —Z [ITU-T G.824] (i U[A#iA > % 7 = — R 72 SDH (EBD=dD 7 a v 7
FEHERRIT_REFE L ~NVZERTOIXETH D, Xy N7 RHEEEZ AR — b 257201 7.1 P TR s b
L ORFEDHERIT. T O DEMENWI-IND T EERIAETE D,

12.2 PNT KAA UEH
TFTEHOTF VAN E2HICBITdRy NU—VEFTAEEBRT D) AEIEOHFELE L THAINS,

— 61 — TR-G8261



1221 R#A—Yry FOLDOSBIA I VITESSEOOHDEE

ZOBEICBTDHY) 77 L RAAA IV TEFICHT LRy N —ZHIBRITFE 92 HiICEVWTER SIS,

711 HiCHBA SRS =Y Ry Ml LA ¥ 1 #ifizfH LcpEEo LoRER Yy Y —27 OEANZLED LS
RNy P R=Z A P U ABZITRWFEIRE FEERET 5, (Thbb, X7y MEBESITRE LR

92 fliTERSNEF Y FU—ZHIRIZ, RHF Y b U —2 OFFHA SDH IS R R v b U — 27126 L CBEICER
ENTND B O LR UFHEMRICHE > TOAUE, iz Sh b, 2%V, EEC[ITU-T G.8262]7% SEC (21t 2 A [ITU-T G.803]
DK 81 & 82 DMy MU — 7 BRSHERICHEILT 2, FZ, ZOETAICES L BRERYIR Y V=7 B
FEfEI3 10SSUs & 60EECs (17 var 1) ##BA 2 N& TIE7R<, £ L TERED 2 )1 SSUs MIZI1T % EECs DI H 20
R HNE TRV,

Hl- A7y ar2) oray 7k A5 %ORFREEETH 5,

H2—- 20X REFWROFIHIL, 774~V -V T7r LR Tuy s EREEEND Ry VU — 2 3EE (F] 2 12HEM)F)
MOFRMERT 52 TOxR Yy MU —7EEIIFEW A —Y 3y h& Y R— 5,

LA VIOFRMIE S DAL ODR Yy T —F7 XL —% AL VNTHRBETH L Z LICERET S, B2 Xxy b —7
AN —F N AL COMAEAIIS % ORTTRETH D,

1222 KTy bEDYITFLUREA I VIESHEORT HEH

[ITU-T G.8265]ix., /N7 v h_R—RDFEEZAVDEEEIBO—RHRT —F7 7 F ¥ it T 5,
PRy b R—= 2 HIETEISH 7R 7 vy 7 BIEIEICES S Eo THRIZIZR y N =7 DTy MBIEAENIZ L > T
— AR 52 bhd (10 R

ZTDEY, ZOX I REREFE Iy bRy NI B bER/NITEF ¥ XNV THA I T 70—k S
o, BLREENTAY N —7 ETEA IV ITBETDHIZENRLEE LY, O at2A0—HIZED X 5 25151
ELEWTTAFVT 4 Z2FDETDHZ S LRV,
BREOIE SNTMEEIT, 4 IV ZICHET2ERERSTEVCTET 5 2 L 2RFHICE®RT 2 2 LICHEETR&ET
5,
MIBMEEZA I TDOED TRy b U — 7 FFHOERDITBAEF IR CTH 5, FrZ. ZOWEO—HOIE T D
PORERENERINTND, TNHIEINTy MEBIEE N v NBIEEB)OM FIZHES 2 & L35,

1l - ZOEEICBSWTEDLN TR N7 » MEBIE & )7 v MEIEZEH(PDV)IX[ITU-T G.8260)IC 3\ THIE S - E %
2o <
UdEE CHIET D RGO FFBITER TE SR TOHAE £ 72 5, E-> T, BIRGBOREIL, BEL A I 7 EFITX
STEBHENDIEME Ry NT =2 ICBTHRE LT OV Y (V hy MEIEEE) [TRGFTHZ & Em5,
Ry NR=AFEO 7 ay 7 RE#IEZZE L2007 oy 7T Zofs oo Th D,

EEDO Ty MEEIZ T Y PR A FETOMRIZE TS EEEZ X RN, XA L AZ T« FT—2 T+ —< v b
TOWE R S & RARFHIIEDON D THA S, PTPENTPIZX A L - AX VT T —<y NO2ODFITH D )
H2— Ry MEEENSEEEZEOTIDIry hxy NT—=27TO/ — ROV R— ML HE BlI237 v
FRy R =27 HOHR Yy FIZRVBIMEND /Ty NEEEB 2 HET D HIENIFIREREICH 5, (B2 13 [b-IEEE
1588] 7 L a a7y A NAFRO—E) T—¥T 7 Fx b ATF—J VT ¢, suay s NEEMER SR, BB T
b5,

E3- R ASRACBEBRT 232y PGS OWN 50O N— R =27 HR— N E2ET D201, ZOX A TOFER
RLTWD,

— 62 — TR-G8261



12221 BAT—R 1T 2EH

ZOHE, V77 VY ASALA IV TEETORy FT—ZHIIRIL9.22 B A — R 1 CEREND,
ZOBEOBEMIL, Ky NI HTRETIHEFIENLSIVLD ) A X (PyF, DF) L) AETREESNS,
ZOBEIIL, Ty ER—AFEFFA IV TEET AT RAZL > TRIINZ ATy bRy NU—Z 12Xk > THA
T A5y FMEEEEIOE L~V OEE T ITICHET 5008 L,

a7 O, MERLME, Xy NU—ZHIR T TOEANF—2 LIZBET 2 HIRITEERFFTTH 5,

12222 BAT—R 20T HEH

ZOBE, V77 LUy AZA IVTEFTORy MU= HIIRITE 922 il VW TEHEAS —A 21T L TEEREIND,
ZOHE, EREND DA RD LSRRI T T = a  OINKET D,

BlE LC, w7 70 r—a VLo TR SN D MBI/ T Vo 21X [ITU-T G.823] & [ITU-T G.824]D R T 7 1 &
J=ATLWIHIBIE LT, BBV T ) r—a Nk > THRE SN S IR U o Z1E[ITU-T G.823] & [ITU-T G.824]
DIT T4 I~<A7 LW HFETEREIND, [ITUT G826L1JIE, /X7 v bRy U= Ny hR—ZFGiEEY
A= b 20T D542 E#£ L, [ITU-T G.82631XRE I 5 7 v v 7 HtE 2 IHR(L T 5,

FEAIEATER 11 TR S,

— 63 — TR-G8261



R A

B A —H 1y FOEODRESN-RY FT—IVTF—FTIF ¥
(Z O EERHIAENE O WA oy AT 5)
Al PRC OEE
BRI R AMA — YKy bOT =% T 7 F ¥ TlE, Ry MU —7 HEEREF L7z & BLRRERIKFE LT 320
MEOWTNICEE SN PRCEZHETHTHA D, Ihbid, 3OO R EICELDHDLI LN TE D,
HMALEZSROZ L,

. Case A a7 ELE—PRCIE, 27/ — RICEBEINDE5 5, HALOABLEEZ BRI, ZOT7—%7T 7
FviZ, W< OMNDPRC/ — K, T72b 5 IWFMI L OESTERER AT 5 P RICEE S vz / — K, 2R
LTW35,

. CaseB 7 7 & AfE—FPRCIX, I~ L FH—ERT 7B ARAL L hTHDIRY NT—TNOERH%

Bt (HIEMICIWF E BB O H 2 HSICEE SN 5755 5, MALOHE B 25K, KAL1O B EE L B I L/
WV ZOT—=XT 7 FxE, F—AAICERIND XY b T2 E, PRCAPRICELE S FUIWF~AT & A D fd
BIEEAT HHEICPRC — FOENLL 0D Z 2" LTV D,

. Case C IWFELE——PRCI, HIPRAYICIWF & —fICBLE S, IWFICEBE R O#ER 2 FF>Th 5 5, KALDC?
EEZZRINEV, 207 —%7 7 F ¥k, WILOPRC/ — R, T72bH, 1IWFH=D 1PRC, BLETH

5T EERBLTND,
C

@

7 N

Customer
equipment/network

IWF

Multi service access

Optical network/packet

G.8261-Y.1361(08)_FA 1

MALl- BRI vy 7 ORE
BRSO X o2, RHomnIZa T %y hT—2Z /05 IWF IRt SN D, ZA I v 70k (CE) nbaT
Fy NU—Z 2T TEUFE T2 2 IR LTV,

A2 REA—HPRy bOTYvRETUFDHFIR

=) 7Ry hU—7 OBRIZEBWC, A —V 3y bV a—va 0Py LU FOEREHIRYT S 2 &1,
Xy MU—2 ORIRAE M- TIZOIILETH D,

A —V x> hEVHR— 54—y AL v FHNORBBEET, HARAENTZT 7y 7 ONT p—< 0 AR
WCHSLRETHD, 20X Hr7avliE, 7ay 7 MUORLC LS RFAMA—Yxy br7ay 7 E-EF L0 &0 E
Dr7ay 7LREIENTWDIGA, #@Plkry NU—0 A X —2a U RRELZZ EE2RIET S0, [ITU-T
G.8262JIC#EHL T B _RE TH D, EMA—FF vy YU 22— 3 UHA[ITU-T G.812]™ SSU F721% SASE & [ITU-T G.811]
D PRC v AL —AL—7RIYE— RIZHEE L THAEDEEHAE, 2oL Yy N —2 - say s 2T 5Z &

— 64 — TR-G8261



X, R 2 T =% T ORI ERET D, Fiz, BEFO TDM Xy bV —7 EFHONSTry b xy hU—7 T —%7
7Fx DDA BT =X T EFREET S,

OB IE, FIREEF AR & i OBEFO[IEEES02. 3 EARIC R A 5 X e S, FrL < Bz y N U — 7 R
Druy 7EREESRILICH, BETRETHD,

A3 [REA—Yry FER—XLLER#PRY bT—9 OFREHCET HER

FHIx > NV — 7 O@WO)RERGFHI, B A I T ESPEDRGE L EFEMECE> THRiIND 2 L2 RIET 2729
DERNRLERNITH D,

T, ARy b= REA — Ry MCESK DO TH- THHAFRTH D,

BARIZIE, A —Y 2y MCESKEMR Yy NI —27O7 —%7 7 F v, SDH IZES<FEMRy hT—27 L0 b
BHETHLLH LNRVWOT BIXIE, Ay v afEIlF R]RH 720 A — %y hEHHR—FLTORWEGRD
BIEMNZRREICRRRH 720 $2), O EEDHII—EEETH D,

Brio, BEHoB LTI, FICEET 2T _XTCORy N —JBERENTTRETH 5,

INHIZIE, EEC, F2iE, Q A— T AL AR EDNWL DNOEMR T y U — 7 BROGE) KK, SDH A%
WZTAT T2 L RBEDTFIETAN—F A IV TR R FET RETH D,

A — %y MERRICMIT AV —F 4 I 7HERBIE, SR OBFHRETH 5,

HELI—FHTF = — ORMGICEE SN BRI REINT 7 vy 7 OFFEE, EOBBNICEEINTREDT 7 ) 7r—
Va U KFET D, TNHD Y vy 7 OFFEIL EEC RN BAN DS E Ll ZHITASHORFTRETH D,
9~ DOEEARBETNEEIX, FHTF =— >0 SSM O 22 B 0 F cBhE L T3,

FIAT =2 Z « A yt—Ui3, PRC $RITFIHATE DiREMED 7 1y 7 ~ORMEGEEED FL—F ) 7 ¢ 23
ET DO, FAMAT—H R « AyE—U1F AB=A L% FHiO EEC IR 5, [FIHHAEIZ. SSM 2B 5,
Ty TARN)—LFy NT— 7 P L7 T, FHIBEREIE. SSM & TORRIE ST B S EIC DS W T AT
AT | BRI ZERT 2, 24Uk, Bloxy U —27 ORBIEHEHERE £ 72 13T o R e Th -
ThE,

FIA —P Ry bRy NI =228 5 SSM OFEA&ENL, SDH v bV —7 O4 L RIS, EUICEFRGIC
WA D70, FHIRy FT—27 OFRFHIBWTHR— FShiFhide b,

H2—SSMIZZ A X v 7 =T DRI T2 5 2 ENARETH L8, FALTHEGI 225 HE A A
VI N—TH BT DT DITIA E TR D,

A=V x> by hU—=7DSSM L, Vo7 BEMA —Vxy EVR—F L TRV (F23) 7)) (i
L, BT, ROFNIRR S THAINGED) DOEGBINTNDEINE I NERIITE R0 E Ly, BEZik~7- &
T, UL, EEREHR Y U= FWA Uil LR LRI R B2,

FERD XLV @7 SSM B RED ER (Bl AT, SERRFE AN ZOFRORR) 1%, BEEARMSZRMET 52N TE D0
H LR,

F#FR Yy hU—2 2TV A 58548, SSM 134 A7 7u— (FlziE, m—n RE— SREBIZAS>TWDHNERZ 1
v JICEKT D) ZEETHIENTEDLTRNTORy Y —JBERTUHIND Z LaxREENHIETH D,

Flo, FAIVTIERVEETEEINTWD Z L 2T DR H D3, SSM B3P AR— F T Tuhiewy,

S A I T ETOZFREICRIT 2B et 2%, BIET D SM 2 HT2H2WIELARAVE S ITHERT L2 L
NTE D,

A —H 2> M 5SSMOE 22 2364013 [ITU-T G.82641Ic 2l s T2,
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HE3—SSMITINZ, [b-ITU-TG.781) Tlid, # A 2 v 7 HMEEZ R L HETHZ EICHNWD Z ENTE D
2h LNRWMEBOEKR L, hoH bz RLTnD,

A4 RS —YRy bENLIE A IV TREDH
B A2IE, FHA =3y MEHTOZ A IV TREOFEZRLTND, ZA I 713, Ty MRy T —2 %9

LTCPRC 225 IWFIZEME EN 5,

IWF IWF
M e itched o> Ye----- [ 1DM
Packet switched ‘
«—> :

network TN —

PRC traceable
reference timing signal

Ethernet switch supporting synchronous Ethernet
~Nv

G.8261-Y.1361(13)_FA.2

A2 - [FIA —Yxy FENLTOZ A I VEUE OB

A5 A=Yy FERBA—HRY CDA VA TI—RADA VA T—FY

A5.1 AVBITI—R - BALTEFARL— 30 - E—FOER

[IEEESO2ITJE UTeA —F 2y hDA v 7 = — 2%, R TH D, A —H %y vOEBEANIZLY | B2 RN
WL7eARL—vay - B—RNEEbIT, B2/ PRy b« F—= A THXKNT DU ERD D,
UTFDOE—RFPRERIND ([ITU-T G.8264]12H)

. FERMANL—v g - =R

. AN —v g - F—F

FIEAA —Y Ry b A F T 2 —RAOHYOE— RiL, FERYPA L —var - F—FThHb, RALEZZHRIN,

FAL- AV BT z2—RZAT AR — gy - E— FDOER

Interface type Operation mode QL process ESMC process
Ethernet Non-synchronous mode No No
Synchronous Ethernet Non-synchronous mode No No

Synchronous mode (QL-enabled Active, all Yes
mode) values

Synchronous mode (QL-disabled Inactive Optional
mode)

FHIA —H Ry bAR—bRFA I T OREROZEOW AR TH D Z EITMA T, BEEMRE S ml A —H=x
v FERMETOR— FEBET DL TE D, BEEIRESNZFAHA —F 2y b &iE, B—D 7Rl TRl %
PR— T DR EERT 5, BERESHZRAYA =YXy b A F T ==L 2 0OFRNRE A THFET Do
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1

2)

A =2y FEEHHARN—F, ZOXIRKR—MI, TXTORYA =%y FOEEFEREE (Thbb,

I A & — 0 2 F % FESMC) % il L= i L~UL(QL) A w2 — U DEER, A —H K v Malghza il L
T~ WERREECY B v 7 OFEE) B FEITT 5,

A =2y FZEHHAR—F, ZOXIRKR—MI, TXTORYA =¥y FOEEFEREE (Thbb,
ESMCZ il L7-QL A v & — T D7 LB, WP A —Y R v MR v v 7 ORIE & FEEEd S LT

) 2FETT 5,

BERERRE SNT=FMIA —Y 2y hafixlz/ — ROBERIZOWTIE, A#x Yy U —27 OFEICB W TERRS RE S
NRTIRS2V, 20X 57— &, AF=—rORmICHEM SN D Z Lrdifrsh s,
FAla—QLFFATIFIZ BT D RIA —¥ % v b OIRE S izpiae

A5.2

Interface type Operation mode QL process ESMC process
Synchronous Ethernet Synchronous mode Active Txside:  Yes
reduced functionality (Tx only) (Tx side only) Rx side:  Optional
(QL enabled) Synchronous mode Active Rx side:  Yes

(Rx only) (Rx side only) Txside:  Optional

RALD—QLAHFAIFFICH T DREBA —H v FDRE Shi-Hae

Interface type Operation mode QL process ESMC process
Synchronous Ethernet Synchronous mode Inactive Optional
reduced functionality (Tx only)

(QL disabled) Synchronous mode Inactive Optional

(Rx only)

AR T—F D TDER

FA2IT, BRAL LB T2—R AL T L FRL— gy - F— FElOXxy U — 27 MEEEZ R L TWAS, (TEOMHS

BOEL ATy T T 4 7 ORI RMEEEL AL TOLBERDH D, Xy PV —7 OO FEA —Hx >
NEERT AR, RIASANTRE L SRAEFRBY > 7 OFIRIZBWT, RHE— MBI 2R — x> hAR—
BRI LD,
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FA2—RA —V Ry b A =YXy bFR—FEDOA L FT—F 7

Traffic interworking Network synchronization
with interworking with
Interface Synchronous Ethernet Synchronous
Ethernet Ethernet
type port Ethernet port
Operation mode | Non-synchronous Synchronous Non-synchronous Synchronous
mode mode mode mode
Ethernet Non-
synchronous v v v x x x
mode
Synchronous Non-
Ethernet synchronous v v v x x x
mode
Synchronous Synchronous
v v v x x v
Ethernet mode

v Interworking is possible

x Interworking is not possible

A5.3

FHE— FCTOREA —HF v MI, PRC 22OEUE SR 2T 5, KEOr —RIRKEAREA 7y b+

BiESA 37 —%20
A —H%F v I, BREEEAS 7+ v F£100ppm TEWET 5,

4.6 ppm DR —/L RA— REETH 5,
TS EEOTDIE, A — % v MREKA AL +100ppm L35 B2 H 5,

FA3IL, BEEORINS DA L HA D —F 0 T T 5100 EETH D,
FASAR A v XTI —X T

Frequency
Interface Operation Maximum output Input tolerance
type mode frequency
For data recovery For clock recovery
deviation
Ethernet Non- +100 ppm +100 ppm
Synchronous synchronous It might be locked to the EEC or, if
Ethernet mode not, be within £100 ppm
Synchronous Synchronous Locked to the EEC (in the worst Max. +4.6 ppm
Ethernet mode case +4.6 ppm)
(Note)

NOTE - For QL-enabled and QL-disabled modes.

TR-G8261




A5.4 HEA30—%2Y
IEEE #2425 L, A —VF v NCRHY Y IBHEINTND, VoFAE, A=V Ry N NT T4 v o4 —va v
DOFEETIT T2,
A7 2= AT 5V v 2T FT ITUT THESNTWD, B#iAXL—r gy - B— FNTORMA —
Ay b A F T 2= LTI, BE T 5 EENEE [ITU-T G.8261] & [ITU-T G.8262] THIE I TW5D,
FT—=HEHEICH L TE, RS =V Ry b A H T2 =R FA =T Ry F o A F T 2= ANLDV X EFRTE R
FAUZ 2R 57280,
AL, FEMERT,

BAL—MEA L X T —F T

Noise
Maximum output
Interface Operation ) ) Equipment input noise tolerance
noise generation
type mode
For data recovery For clock recovery
Jitter Wander
Jitter Wander Jitter Wander
Ethernet Non-
According to
Synchronous synchronous n/a n/a n/a
IEEE
Ethernet mode According to
n/a
According to G.8261 IEEE
Synchronous Synchronous
(Network), G.8262 According to G.8262
Ethernet mode
(Equipment)
A5.5 EEy 50y 2 BIE

A =YXy FR— DYy FREIZOWTIE, IEEE #ZR a7z, IEEE Yy ZRFESIETIEZ, A RV A RT AN
AR THOFEEERT D, T—2EIHA X T =% 7Tl RS —V 3y b A ¥ 72— %, W CHECHE
INRITITR B 720,

AL —va vy - E— BT 2R —F Ry F A F T 2—ADRYA X T —F 0 7x LTE, ¥y #4E
B3 EITU-T G.8261] & [ITU T G.8262)ic & £ T 5,

FiA~L—2 gy« F—=RTORWAS =Y Ry b - A F 7 == F 22y ZHIER,
FEX SRS,

FAS I EERT,

SROBETRETH D, 1+

FAS—  ZHIE

Operation Jitter input Jitter noise Jitter noise o
Interface type _ Network limits
mode tolerance generation transfer
Ethernet Non-sync According to IEEE According to IEEE n/a n/a
Synchronous mode
Ethernet
Synchronous Sync mode For further study, see Appendix X for jitter measurements
Ethernet

TR-G8261



A5.6 EEY 57 VA BIE
UL, A=y b A 02T 2 — A3 LUTHE I TR0,
AL =22 v  F—=RTORHPA—F Ry b o A F 72— R T DU FHEIIS B ORFRETH D, {8k
X I i,
PR D AL ESIZ,
FA6—T ZHIE

Operation Wander input Wander noise Wander noise o
Interface type ) Network limits
mode tolerance generation transfer
Ethernet Non-sync n/a
Synchronous mode
Ethernet
Synchronous Sync mode For further study; see Appendix X for jitter measurements
Ethernet

HE—HIR &R A — V1w MEREDA V¥ 7 = — R LEERRICBIT 2 B80T, [ITU-T G.8264] TRt T\ 5,
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R B

CES RU PNT ~D IWF QOHEEEM N EIRTVRY hT—0 DA
(Z O EEEHIARB S O LB D BT )

B.1 —#%=I1g
IWF (X, 77— % IDMRX—Z Xy NT—=I o7y hR_R—AFRy hT =T ~D, Wy hR—=ZA Ry hT—7
MNHTDM RX—A Ry U= ~TFT—H R T 5700 ETn vy 7 Thod (KBl a2,

TDM network side/

Packet network side IWF end equipment application
TDM IWF| Packet network [IWF TDM
TDM | End equipment
TDM IWF | Packet network | IWF f—— it

G.8261-Y.1361(13)_FB.1

KB.1- v hU—2ZIZBIFSHIWF

TV = a Nl ko T, IWF OBEREIR. XA IV TBEEND LA YICELE RITT, (T42bb, Ny h_—
AFy NT—=I PRy R T =T~ BWNIEER Y R T =7 BTy RR—=ZA Ry NT =T ~Z A f 07Dk
EENDEA), IB2EBREINT,

Timing via synchronous Ethernet Timing via packet based methods

Packet network Packet network

G.8261-Y.1361(13)_FB.2

XB.2— ZA IV DERND LA VYHRE(NT DR TDIWF

IWF (22D RAA UAEEICLVERIND, B3 253z, CESIWF |I, —ERTav 7 RAALNIBIT5
FIHLERZ . PNTIWF (X, FHRy hT—2 D7 a v s RAAL BT 5 R ZHH 5
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Service clock domain

IWF TDM service
TDM side over packet network
(TDM service)
CES IWF
T F k hr
End anplicati < (For network synchronous .
né application Sel and differential methods) Packet side
TDM or packet side
(physical layer based PNT-F —
synchronization network) Timing to/from the
packet network
(packet based or
- physical layer based)
Network clock domain
PNT Packet Network Timing
CES Circuit Emulation Services G.8261-Y.1361(08)_FB.3

XB.3 - IWFIZEIT HCESEPNT F A A &

2, CESIWFIL, %7 v by NU—Z 2T, WYNICES Ay v hEAERRT DR LS, "7y hpry hT—27 |
TRESNII—ERIuy 22 AN VT5 (F—ER7uv7E5) )
BEHEICRHHEINTWDEY . LLTOMBFIENARETH D,

. F v b U — 7 R

. =5k

. L

. TDM*y bV =27 Dy R AT AMZBWCHAFERSR 0y s

ML EOFIHFTREZR LB FIEIZ L > T, BRDF AT D2y 73 CESIWFIZEEINDIVLERH D,

i, B3FICRBWTRHEREN TV S,

PNTIWF ~, EiWMEPNTIWF 6D % A I 0 73 EIE, TERD, diVTH=RFRICE E3NDd, EE Zoray
7%, TDM x> bV —2 (FlZ1X, SDH) 6, S sy by b —27 BlziX, R#A —Vxry b 800
HHAANT y MCESHTERFRE) MNL0RMIR Yy hNU—=2 2 A4 I T2 ANV T ENTRETH D,

BUFD U A ME, PNT ~, BWIEPNT 22H DX A I v I E NSl RE /e 7 — A DHITH 5,

. HANES IR (Bl 21X, SASEN S DER)
. FIHIBE L A YHHE (B2, SDH, RMA —H—F% v F) . XFry ML THREIND XA I 7 (T72

HbH, [b-IEEE 1588], NTP)
Bt 2 & o TIL, PNTIWF (XA S 15 DL Efe B R A 1 2 7155 % CESIWF IZEE T 5, FEBE. CESIWF (%,
7 a7 BEOTO DA ETR— T H72DI, ZOZREFEZLELTLRRERDH DS, 20T LIk, MR
SIECHER SN D, FRDFEMIT. B2HICREN TV D,

B2 IWF&Ov%
X B.4 X CESIWF [ZREINED 7 v v 7 &RdT, IROLONEFTHND,

. WNry vR_R—=R7 a7 T XTT 4 T (PSC-A)TbIGEZ LD N T T4 v ry vinbY—bERImv %Y
ARVF BT
. Ry NR—A7 1 v 7 F5PSC-D):EMIEZIY VT T 4w oy v b —E A ny s EEAET LY
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=
oD rmy 7id, CESIWF DX A I 7HRE (HE. MR, 71207 BRegt) 245,
7 a7 PSC-A & PSC-D (%, 4 CES 22— ¥ —ICf LTHEATHD (Thbb, TR 2—F—bHHAD 7 v v 7 25|
HARETH D), FHHERIT, MATHLINETIERWY EIRWIZEZ OGN 2L EHVGD), EE &5 A B[R
FEEEDHD . PDH F/NESRGEAE AT e 3720l BE L 70 D (Bl ZIE, 2048kbit/s DIE=12%F LT 50ppm), ZiLHidk,
# TDM CES IR T 257201, AH ATy FOREZNIRT D,
HL-HEHEA I TNy NESBLT D87 —EANER SN D ATRetEn & 0 (Fr 77100 K OVl J7 1)
7uharEfni), ELTRRL 70y IV RERINDLITHAH, ZOZELELTIE, BRHBHN
PETH D,
INHormy 7 OFEMICIE, B 2BRHANMNETHD,

Service clock domain

» | CES1WF #n

Timing related to CES service CESTWF#1  preeeeeemeee- = 1
on the TDM side, generally carried Adaptive L ;
over the physical layer (Note 2) PSC-A Packet :|1 Upper layers
k| ]
_Differential @ Processmg;| | ]
Ref. Y& > i Physical layer
TDM CES « selector Network PSC-D N e B
Timing < synchronous @
I bl - - . Packet side
o . . ! Loop To support differential
Timing carried via : Lo
TDM side/ CES packets and I »  Packet
end application used to support 1 | processing —
end applications i
G.8261-Y.1361(08)_FB.4

Reference timing signal Ref Timing for
to support end equipment €—=== :elzr;gie ———————— TDM—t(?-packet
applications (e.g., BTS) Reference processing (Note 1)

timing signal

n Number of CES users terminated by the CES IWF

NOTE 1 — This timing drives the generation of the outgoing packets and forms the basis for generating timing
messages for adaptive or differential methods.

NOTE 2 — Some of the CES flows may also carry the network clock. In case the IWF is handled by the network
clock owner, these could be handled in the network clock domain (by the PEC). In case the IWF is owned by a
different operator (offering the transport service to another operator), these are handled as any other TDM
service in the service domain (by the PSC).

[X|B.4 — CES IWF K& O'PNT IWFICRBIFT 57 1 v 7

R OB SIE, TDM IO CES IWF 13, EFRS N2 (B2, Yy X ROTCFRR) kb, EiCFEEE
VA Y EAERT D2 ENEREN, £, BHATRER Y v F ROV U HMAN~AZICEY ZA I T EB/ETDHZ LN
FREh D,

CESIWF X7 MIZBWT, AEREIX, =——DF7 =% 7y ML s TEETH D, #lxiX, TDM x> hU—
T SNFTe Ty R DlINEDOS A, TDM OX A I 71, A7y NOMEBEARRKIZEKSS 7o vz ) 77 a
URBZEYEHAEIND (PSC-AIXZ OBEZI D),

CESIWFIZBITHR TRy 71X TDM ¥ A I v 7 2AERT HI2DICHW BN D, 2T N—T 2 4 I THRROSGE .
N—T RNy 7 E, IDM £ v "= ~aFlz "y b Eo7ua—%HlE+ 2 BlziE, Z0ETHWOND X A I v
T Ay —UDER), FFIZ, PacketProcessing 7 1 71X, ZESEEYR— N T D44 I T A v =V DOEREHN (X
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v NU—27 270y 7 TIDMEZA IV TIE IOV R— FDOTDIZHLETHD), LT, BEETDMF A I 7 (ETHOTF
BIZEDR) BT v—baR -7y hOARREH S,

B5 3/ y bRy hU—2 ETY 77 Ly REA I ONE (87 E5E2BR) 2HHR— 425 PNT-HOZ oy ”
R LTND,

Physical side/packet side/end application Packet side

Reference timing
signal to support CES
A
Reference timing signal Rof Reference timing signal
to support end equipment <——— ————— carried by dedicated
selector

applications (e.g., BTS) synchronous packets

p——— Reference \_ E ((
! selector N PEC@D .‘::1 Packet Upper layers
- i processing !
——-L—- P oo | P &
From SASE/GPS > EXT@ Reference ,
selector !
o Physical | :
Synchronization network ﬁ EEC__ | _I £ ﬂ wsioatfayer '
over physical layer > S S i
(TDM or Ethernet) A PNT-F | }J Teeeeeoeoeses J
Reference timing signal From SASE/GPS Reference timing signal carried by the synchronous
carried by the TDM packet network (e.g., synchronous Ethernet PHY)
network over the physical layer G.8261-Y.1361(08)_FB.5
Network clock domain

————— - Timing flow

NOTE — Reference timing signal to support timing generation towards the packet side.

X|B.5 -PNT-FIZEi7 57 v v

H2-PNT~DRTOT vy 7 BB 22 TOMEDFEIIRIIREN D,

H3-TDMDFA (B Z1F, SDH) I L AL SNDEZ A I T OHA, PNTIZIE, Bird 7 oy 7 BREEIN TV D AT
BB, Zor vy 7 TRV FICHES < (BlAE, [ITU-TG.813)) .

B52L%&, LUFIZ, PNTZry 2 (RO 0y 7)) BRERSID,

. PECEM 7y h2E LT, Xy hI—I XA I T %Y IR LT, EHTIEDOr |k
. EEC:[AHIA —H %y MEHETHMEIND 70y 7 2P R— b T57-00 7 v v 7 ( [ITU-T G.8262]% &)
. EXTAHMBERZ A IV TEEPLDX2 A I (Flx1E. SASE/GPS)

PEC OFEHIEAS T2 ORFREETH 5,

PEC XKUNEEC IZ®y NV =277 v v 7 20T 5, LB o T, —2DF vy NI =72 LT 2D EEEE LI 5,
HEBEERIIH LT, =207 vy ZEEEPFET 2. RAEHERHTI. Chooray 7 ODicsBEend,

PEC &, imi/~7 > M &WLBFEETH 5 (I 21X, PTP, NTP),

PSC-A KO PEC (X & HICHINEICFE S Tesd, [FEROFEICHE S T LIFERTRETH D, L., B2 At
BEMIND, BT, PSC-AIZZA IV I RRAKIEOHT NETH LS B2 2D TDM 7 1 — DRI T % TDM
Y= RE A I T AHMED) PECIE, FAIE LT, RN TF =—rDO—HTH D,

7 vy 7 EXT 3o B ITU-T B iE-3< (B2 [ITU-T G.812]=°[ITU-T G.813]).

Xy NT= T Y= VITEOE, B4 KU B5 ITRSNDEONDERB(RTOEDSND 7 1y 7 DR)YDHH

— 74 — TR-G8261



IWF [ZSEEI N2 b2y, FlziX, Z7a v 7 EXT X, PNTIZBWT, ior vy 7 nEiEWl 21X, EEC)Sh
TWDHOTHIUE, HERV, bVIZ, Zh b, VAT ATHWONINEBIRASZITID Z L2 5,

KBS IZRIND LI, BRIAIVITEFIL, = REEOT Y r—ar (BIxIEBTS) AR — 5729
FIHTTRBIZ B 72 5,

BAIZRINDAMBIZMIT BRI A I JEF1E CESEFIC Lo Tt sind, VaNY Ehies A4 IV 7G5
X, AMBA v 4 72— (BlZIE, [ITU-T G.703] (H#EHL) & U CRIFTFTREIC R D, BT, T AT ATt L CTNERA v
Z7x—RED (ZOBFE, IWWFIX, ZOXAIVIBREGERT L2 R7 7 r—va VTiREaSn5),
BRI 72 IWF 7 77U r— 3 g, AR IX TEZ O3,

Fv NI =T 7V r—aroflid, B3GIIRESND,

HA-IWFZ 2y 712z, A7y bRy hU—=7OfMOFy U —7 L Ay MIEESNTZ /vy 7 B3H 0155,

72 BliE, RN TF =—r O—HMThH A —V 3y NAAL v FICBIFHEECTH D, ZDHE, Xy hTV—r LA
FE. PNTOBSRED Z % il L. [FEIHIEREIZFIT fIRER 7 = o 27 IC X W b5 (B 21X, EEC)

X0 — AT, CESHERE IE< | EEC 3[E & A OB L A ¥ (B2 IX, FIA —H x>y N) Omfilic#ER S Tnd
AT, IWF IZAFTE LRV,

B3 Ry bkI7—50H
LKoPDFR Yy FU—7 OFIH, K B.1 LUK B2ITREINDET MIHT HEMOMN LD DIZLLTFIREND,

B6iX, *v hU—ZRPFILICESS IDMY—E 27 2 v 7 DU BN 27T, ZofTiE, 2R2A I 7ES

(kv hU—2 271y 27) 1%, PRC (BlzI1E, GPS) ZFIMAIAEZ: PNTIWF 225, /X7y hxy hT—27 Dz v Y (flx
L A ——x v MEBT) 1235172 PNT/CES IWF [T 5 S d, TDM P —ERX A I 70F, ZOFy Y
—v7nmayvy (bbb, Xy bV —7 ORWE) Moo I5,

? PRC

PNT Network synchronous (e.g., synchronous PHY)

/ IWF \
- {}CESPNTI N CES/PNT}-(}-»,

TDM IWF IWF oM
Timing is carried by the physical layer Timing is carried by the physical layer

~~~~~~ +» Service clock timing flow
----+ Network clock timing flow G.8261-Y.1361(13)_FB.6

XB.6— v hU—7 RHEIZIES A I 7 U B O
B7 13, EHEICHESI Y — 27 ny 7 DY BN ZoRT, ZOFITIE, PNTIWFIE, Z2RZ A IV I7EGE. £
HEEFEETDHZOICBREA I ES LT L9 5 CESIPNT IWF (245803 2 (0 IWF 25545 IWF ~0D 7 1 —
iE. ZAI VT Ay —=U%N LI2ES RO LA RT),
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PNT Differential method
IWF
CES/PNT é/ \5 CES/PNTL-
IWF " IWF
Packet network
Timing is carried by the physical layer Timing is carried by the physical layer

~~~~~~ +» Service clock timing flow
----+ Network clock timing flow ©.8261-Y.1361(13)_FB7
—> Timing messages supporting the differential method

MB.7 EMEIC S Z A I T Y R Y D

B.8 I&, WINEICESY— R 7 ay 70U BN 2R, ZOEEIZIE. A4 IV TEFIIRSNEL 25 (FERE.
PNT IWF (IR S TUVLRWY),

Adaptive method
IWF IWF
Packet network
Timing is carried by the physical layer Timing is carried by the physical layer
~~~~~~ +» Service clock timing flow G.8261-Y.1361(13)_FB.8

MIB.8- A IS Z A I 7 Y N Y D

Bz, B9 TREND, PNTIWF L, /7y b3y hU—7 (B2, F#A —V %y MERT) ETozy 2ick
(T2t PNT IWF 1217 CTEREEZ 58T 2 PRC (M7 ey 7)) #RMARETH D, ZOFITIEL, Ao IWF
PNT = REBEDOZ A IV VEREZ YR — b2, B2 EIEGSMBTS D& A IV JHEREFR—FT52LThH
5 (BlZIE, A v # 7 = — 2215 50 ppb) .

PRC
Distribution of reference

PNT timing signal in packet network

=1\ o A A S PNT
IWF IWF
Packet network )
e.g., end equipment, BTS

----9 Network clock timing flow G.8261-Y.1361(13)_FB.9

XB.9— IWF PNTRIZRIT 2B A I v 74580
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TREHC

EH(CE&ET 5 CES IWF [
(Z OB ERHIAENE O MIH IR 2T D)
Cl k3749940371 —R
LT OERITEET HEE (B2 1ITU-TG.823, ITU-TG.824) IZ5IHENTWD
W -2y v 2y b —2 EOSDHIE B OEEOEREMO BN E LT, KRENZHRRS5NTNESDHA v ¥ 7 = — A
Bt Cch 5,

Cll  9EM, BEXHELFHIERE

E0 (64kbit/s), E11 (1544kbit/s), E12 (2048kbit/s) o > % 7 =—RA, FTPDPDH A &% 7 =— A, 51840kbit/s (STM-

0) & ES1 (STM-1) A % 7 = —AOWHR), EXAVFFEIZ[ITU-T G.703] D ERIZHERL U 22 13 i 7 7220,

STM-1, STM-4, STM-16 A > % 7 = — ZOWFLis L OVE R, B 2 1Z[TU-T G.957], [ITU-TG.691], [ITU-T G.959.1]
DEET DMIRA 8 7 = — ZEEICHERLL 2T H 70,

c.1.2 DyBET DN
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Appendix |

Characteristics of Ethernet switches, Ethernet networks,
routers and access technologies

(This appendix does not form an integral part of this Recommendation.)

11 Characteristics of Ethernet switches and networks

I1.1.1 Delay characteristics of Ethernet switches
.1.1.1 Functional operations within an Ethernet switch
From a "black box" perspective, an Ethernet frame passes through four functional operations in a typical Ethernet switch. These are

shown in Figure I.1:

ol Clasier | AN |of SN ol OB L O
G.8261-Y.1361(13)_FI.1
Figure 1.1 — Typical functions within an Ethernet switch
. classification — identification of the flow to which the frame belongs, and determination of the output port and priority.
. admission control — application of traffic management for the flow (policing, shaping, marking).
. switching — forwarding to the appropriate output port.
. output queue —waiting for a transmission slot on the output port. Typically, queuing policies, such as strict priority, weighted

fair queuing (WFQ) or round robin are applied.

The following clauses discuss the delay properties of the various functions within a switch.

1.1.1.2 Input stage delay

The time required for the classification and admission control stages should be approximately constant in most cases. However,
depending on the switch design and the traffic loading on the switch, the delay through these functions may vary. For example, in some
switches, both classification and admission control may be performed in software on a network processor. At full load, the software
may not be able to keep up with the number of frames to be processed, hence the delay may increase, and some frame dropping may
occur. The same may also be true of some hardware-based designs.

Figure 1.2 shows a simplistic view of the variation of input stage delay with switch loading. Under low traffic loads, the switch can
cope with the number of frames passing through it without adding to the delay. As the frame rate increases, while the overall processing
capacity of the switch is not exceeded, the instantaneous frame rate may exceed the available processing rate. This will cause frames
to be buffered awaiting processing, and some extra delay to be incurred. Finally, at some point, the mean incoming frame rate may
exceed the processing capacity, causing the delay to be increased further, and, in some cases, frames to be dropped due to lack of

buffering capacity.

— 80 — TR-G8261



Processing

overload \

Buffering -
required \
Incoming
frame rate
No buffering
required

" Minimum intrinsic
propagation delay

Intrinsic
propagation delay

G.8261-Y.1361(13)_FI.2

Figure 1.2 — Variation of input stage delay with loading

1.1.1.3 Switch fabric delay

The delay through the switch fabric itself is also dependent on both switch architecture and traffic loading. For example, many switches
operate scheduling algorithms for switching of frames from input ports through to output ports, and this may cause a small variation in
delay to the frames, depending on their arrival time relative to the scheduler "tick". However, in most cases, this variation in delay is
small due to the high frequency at which the scheduler works.

At very high incoming data rates, the switch fabric itself may be overloaded, and unable to cope with the full volume of traffic requiring

switching. This will result in frames being dropped.

1.1.1.4 Output queuing delay

The amount of delay added by the output queue will depend on the queuing policy employed, and the priority of the traffic flow. For
example, a high priority flow (such as might be used for a packet timing flow) in conjunction with a strict priority policy might
experience "head-of-line blocking™ delay. This is where, although a frame has highest priority, it arrives at the output port just after a
low-priority frame has started to be transmitted. The high priority frame then has to wait until the other frame has finished transmitting.
Figure 1.3 shows the delay profile experienced by a population of high priority frames in conjunction with a strict priority queuing
policy. For the purposes of simplicity, this diagram assumes frames experience an approximately constant delay through the other
switch functions, here termed "intrinsic propagation delay through switch". A proportion of frames arrive at the output queue at a time
when there are no other frames currently being transmitted. These frames are transmitted immediately. The remainder has to wait in
the queue while the current transmission completes. There may also be an additional delay, due to other high priority packets also in

the queue.
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Figure 1.3 — Strict priority queuing: Head of line blocking

1.1.1.5 Typical delays in the Ethernet switches

Based on the model described in clause 1.1, it is possible to provide a simplified modelling of the delays caused by an Ethernet switch,
identifying two main contributions.

The first type of contributions is related to the classification, admission control and switching operations; the second type of
contribution is related to the output queue and transmission.

The first type of the delay is then mainly related to the processing capacity of the switch, while the second one depends on the bit rate
of the outgoing line (e.g., 1 Gbit/s) and on the queuing policy/priorities that are implemented.

Assuming that the design of the Ethernet network will not implement Ethernet switches where the bottleneck is the processing capacity
of the Ethernet switch, one could assume that the processing capacity should contribute with values below 10 microseconds (in fact a
1500 bytes packet in the output queue takes 12 microseconds on 1 Gbit/s link), and, in addition, the processing overload or processing
buffering should not be an issue (see Figure 1.2).

With respect to the second type of delay, these can be calculated according to the model provided in Appendix V.

The simplified model is shown in Figure 1.4.

A

Packets with zero queueing delay (no overload or processing buffering in the switch)
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of frames
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Internal processing

. Total packet delay
" through the switch (us)
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Fixed delay depends on output bit rate and packet size
(e.g., 12 ps for 1500 bytes packet over 1 Gbit/s)

NOTE - Slope may vary depending on distribution of traffic in network.
G.8261-Y.1361(13)_Fl.4

Figure 1.4 — Simplified model of the delays in the Ethernet switch
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Referring to Figure 1.4, it shall be noted that the queue processing may also impact the shape of the delay distribution.

1.1.2 Characteristics of switched Ethernet networks

1.1.2.1 Topology of Ethernet networks

Although there are many different possible network topologies, for the purpose of considering a particular flow through a network, it
can be modelled as a chain of Ethernet switches as shown in Figure 1.5. At each switch in the chain, an Ethernet frame has the potential
to be delayed due to the mechanisms described in clause 1.1. This delay will be affected by the other traffic flowing through the switch.

Traffic directed to the same output port will affect the output queuing delay, while the sum total of all traffic flowing through the switch

(including that flowing to other ports) will affect the processing and switch fabric delays.

Traffic flow of )
interest Ethernet Switches

/
. -
LASSSES o

I
"
7

Network traffic routed to
other output ports
(affects overload points)

Network traffic routed to the
same output port
(affects output queuing delay)

Figure 1.5 — Data flows within an Ethernet network

The length of the chain affects the total delay of the system; clearly the more switches there are, the greater the total delay,
also the greater the delay variation. However, in many Ethernet networks, the length of the chain may be quite small. For
example, in a hierarchical network, there may often be only two or three levels of hierarchy, yielding a chain length of up
to five switches.

In some instances, a ring topology may be employed. Typically, these may contain around ten switches, giving a maximum "distance"

around the ring of five switches. Occasionally, interconnected rings may be used, which could double the "distance" to around ten.

1.1.2.2 Traffic patterns and levels

With the exception of constant bit rate and real-time traffic, most network traffic is extremely bursty in nature. It has been observed
that on almost any level one cares to look, traffic variation can be observed. For example, at a very small level there is bursting due to
the opening and closing of the transmission control protocol (TCP) window size. At a larger level, there may be bursting due to the
nature of the application (e.g., downloads of large files), while at a larger level still there may be bursting due to the time of day (e.g.,
higher activity levels during the day than at night).

When considering the delay performance of a TDM transport flow, the effects of other traffic in the network have to be considered. For
example, in Figure 1.5, each of the network traffic flows may be varying in some form, independently of the other flows.

[b-ITU-T G.1020] proposes the use of four-state Markov models for modelling packet loss distribution. A similar technique could be

applied to burst lengths in each flow, allowing bursts and groups of bursts to be modelled. The longer term (e.g., diurnal variation)
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could then be applied as a gradual variation in burst densities.

1.1.2.3 Disruptive events in Ethernet networks

There are several types of "disruptive events" that may cause sudden changes in delay in an Ethernet network. The resulting delay

changes may be permanent or temporary. These disruptive events include:

. routing change, causing a permanent step change in delay
. temporary network overload, causing a significant but temporary delay change
. temporary loss of service, causing all packets to be lost for a period.

1.2 Delay characteristics of routers

This clause describes the delay characteristics of routers. Similarities exist with Ethernet switches described in previous clauses.

In order to identify the potential sources of delays in a router, it could be useful to describe the path that a timing packet uses when

being carried across a network node.

A network node can be generically modelled with three main segments:

1) ingress segment: corresponds to all the functions that the timing packets may use in the network node from the ingress

physical port to the entry to the forwarding engine of the node.

2) forwarding segment: corresponds to the forwarding engine of the network node.

3) egress segment: corresponds to all the functions that the timing packets may use in the network node from the exit of the

forwarding engine of the node to the egress physical port.

The following figure illustrates these three main segments:
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Figure 1.6 — lllustration of the three main segments of a router

The models characterizing each of these segments are for further study.

1.3 Delay characteristics of access technologies (Microwave nodes, PON, DSL)

The delay characteristics of access technologies (microwave nodes, PON, DSL) are for further study.
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Appendix Il

Stabilization period

(This appendix does not form an integral part of this Recommendation.)
The stabilization period is a parameter that may be important during the start-up phase (in order to get a quick installation
of the equipment), or when switching between timing references (in order to limit the phase transient). In case the
equipment has been operating in holdover mode for long periods (e.g., hours), the phase error, when selecting a new clock
reference, would be largely dominated by the phase error caused by the frequency error of the clock in holdover.
In case the adaptive method is used, the requirement on the stabilization period may depend on the actual phase noise in the packet
network. In fact, a high packet delay variation in the packet network may require a long period before the clock can lock to the timing
reference.
The filter implementation and the characteristics of the internal oscillator are important as well. In fact, depending on the holdover
characteristics (e.g., [ITU-T G.812] Type Il vs. Type Il1), longer time could be accepted when switching from a reference to a second
reference, as a good holdover can allow longer locking periods (the main requirement is to limit the total phase error during reference
switching).
The requirements on the stabilization period are under study.
For the purpose of the tests detailed in Appendix VI, a stabilization period of at least 900 s is proposed for the adaptive methods as, in

order to properly characterize the packet delay variation statistics in a network, a sufficiently long period might be required.
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Appendix Il

Considerations on packet-based methods

(This appendix does not form an integral part of this Recommendation.)

In some applications, it is required to recover reference timing signals that comply with wander that can be expressed in
terms of [ITU-T G.823] and [ITU-T G.824] traffic masks. Under certain circumstances, these network limits are within
the achievable performances of the packet-based methods in packet networks properly designed (e.g., networks that can
be modelled as network presented in model A, see Appendix V). What constitutes a properly designed packet network is
currently under study, see also clause 12.2.2.

For the case of mobile backhauling, the use of packet-based method to synchronize the BTS/Node B will depend on a number of
complex issues significantly determined by the embedded functionality of the BTS/Node B.

The following needs to be considered:

1) stability of the oscillator in the BTS/Node_B
2) physical layer interface to the BTS/Node_B (e.g., TDM or Ethernet)
3) tolerance specification at the input of the BTS/Node_B (specified in terms of [ITU-T G.823]/[ITU-T G.824] traffic interface

masks by Third Generation Partnership Project (3GPP) in case of TDM interfaces).
With respect to point 1), when frequency accuracy is the only concern, a stable oscillator could allow to relax the requirements on the
packet delay variation in the network as longer filtering period could be designed. It shall be noted that stable oscillators are normally
implemented in the base stations, due to short-term stability required on the radio interface and holdover requirements. This area is for

further study (e.g., time to meet a specific requirement after the oscillator has been powered on).
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Appendix IV

Applications and use cases

(This appendix does not form an integral part of this Recommendation.)

Vi1 Background

The purpose of this appendix is to provide some explanatory information related to three use case categories. Special consideration is
given to situations where the transport network supporting the use-case is changed from PDH/SDH to Ethernet.

There are three principal types of synchronization that are of importance. Each particular application may have different needs, and it
is necessary to ensure that the transport network is capable of providing this functionality or the network operator must provide for

alternate methods. The three synchronization categories are:

1) frequency synchronization
2) phase synchronization
3) time synchronization.

Frequency synchronization relates to the alignment of clocks in frequency, a process that is also referred to as syntonization. Phase
synchronization and time synchronization are defined in [ITU-T G.8260]. For some applications frequency synchronization may be
adequate; for others a combination of frequency and time/phase may be required. For some applications, the source of time/timing may
be specified, and for others the source could be any one of a set of (master) clocks.

For additional details on phase and time synchronization aspects see [ITU-T G.8271].

The three use case categories considered here are:

1) wireless

2) infrastructure
3) media gateway.
IV.2  Wireless

Iv.2.1 Applications
Within this general use case category, there are several applications of importance. Some of these require just frequency information,
and others require time-of-day, and others require phase. The application, from the viewpoint of timing, is to deliver the appropriate

timing information to a base station (e.g., Node B).

Iv.2.2 Examples

IV.2.2.1 GSM base station (frequency synchronization)

The timing requirement applicable to the GSM radio interface can be found in [b-ETSI TS 145 010]. The radio interface requirement
for a GSM base station is frequency accuracy of £50 ppb. In case of Pico base stations, the accuracy can be relaxed to £100 ppb. The
need for this requirement stems primarily from the need to support handover of mobiles between base stations. It should be noted that
relevant requirements documents do not directly address the (wireline) network interface. Nevertheless in case of TDM networks, the
synchronization requirements on input signals are normally expressed in terms of output wander masks presented in [ITU-T G.823]

and [ITU-T G.824], and traceability to a PRC source.
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It should be noted that in case of GSM radio access network, there are not so strict frequency accuracy requirements related to limit
the slip rate. In fact, in these cases, the data of a single user is stored in relatively large buffer (from 10 to 30 ms) and also assuming 50
ppb frequency accuracy the data would be lost (buffer empty or full) after long times, much longer if compared with classical switching

network elements where buffers handling the data are much smaller (125 ps).

IV.2.2.2 UMTS FDD base station (frequency synchronization)

The timing requirement applicable to the WCDMA frequency division duplex (FDD) radio interface can be found in [b-ETSI TS 125
104].

The radio interface requirement for universal mobile telecommunications systems (UMTS) FDD base stations is a frequency accuracy
of +50 ppb; for the FDD mode, there are no phase alignment requirements.

As for the case of GSM networks, there are not so strict frequency accuracy requirements related to limit the slip rate because of the

large buffer used to store data of a single user.

IV.2.2.3 UMTS TDD base station (frequency and phase synchronization)

The timing requirement applicable to the WCDMA time division duplex (TDD) radio interface can be found in [b-ETSI TS 125 105].
The radio interface requirement for UMTS TDD base stations is a frequency accuracy of +50 ppb; for the TDD mode, there is the
additional requirement for the phase alignment of neighbouring base stations to within 2.5 ps.

As for the case of GSM networks, there are not so strict frequency accuracy requirements related to limit the slip rate because of the

large buffer used to store data of a single user.

IV.2.2.4 3GPP2 CDMA2000 base station (frequency and time synchronization)

The relevant CDMA2000 standards are the [b-3GPP2 C.S0010-B] and [b-3GPP2 C.S0002-C].

According to the CDMA2000 specifications, the average frequency difference between the actual CDMA transmit carrier frequency
and specified CDMA transmit frequency assignment shall be less than £50 ppb.

In the CDMAZ2000 specifications, it is also specified that each base station shall use a time base reference that is time-aligned to CDMA
System Time. CDMA System Time is synchronous to UTC time (except for leap seconds) and uses the same time origin as GPS time.
All base stations use the same System Time (within a small error tolerance). For all base stations, the pilot time alignment error should
be less than 3 ps and shall be less than 10 ps.

Because of the above requirements, it is a common practice to equip CDMA base stations with GPS receivers.

IV.2.2.5 TD-SCDMA base station (frequency and phase synchronization)

The timing requirement applicable to the TD-SCDMA radio interface can be found in [b-3GPP TR 25.836].

The radio interface requirement for TD-SCDMA base stations is a frequency accuracy of +50 ppb; there is the additional requirement
for the phase alignment of neighbouring base stations to within 3 s (this requirement is then measured comparing the phase between
adjacent base stations).

Because of the above requirements, it is a common practice to equip TD-SCDMA base stations with GPS receivers.
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Iv.2.3 Remarks

The requirements listed in the previous clauses apply to the radio interface. When time or frequency reference is carried by the network,
other requirements apply. These depend on several factors such as radio base station oscillator characteristics, filter capability of the
radio base station, etc. As an example, a long-term frequency accuracy significantly better than 50 ppb may be required for the reference
timing signal carried over the network in case of 50 ppb frequency accuracy requirement shall be fulfilled on the radio interface. The
value of 16 ppb ([ITU-T G.812] Type Il frequency accuracy) has sometimes been mentioned.

In general, in the long term, the reference timing signal may be allowed to drift n ppb provided that this is sufficiently below the
maximum allowed deviation (i.e., n ppb << 50 ppb << 100 ppb, or << 250 ppb for the different cases). This would result in a tolerance
MTIE mask where the limits on the short term are set by the [ITU-T G.823] and [ITU-T G.824] traffic masks and in the long term by
an n ppb line (where n shall be below the applicable requirement on the radio interface).

NOTE - It has been reported that there are cases of base stations that are less tolerant to wander in the short term than what is specified
by [ITU-T G.823] and [ITU-T G.824] traffic masks.

Similarly, in case accurate time and/or phase shall be distributed to the radio base stations, the budget to be allocated to the network
might be much smaller than the requirements defined by the wireless standards to be fulfilled on the radio interface. These aspects are
for further study.

In several cases, such as the GSM base station situations, such equipment is deployed and working and capable of deriving its timing
needs from the traffic interface to the (wireline) network, such as PDH or SDH. If the PDH/SDH link is replaced by an Ethernet or
synchronous Ethernet link, the needs of the base station shall still be met.

Distribution of phase/time is not common in the case of PDH/SDH links. Accurate phase and time is commonly distributed via GPS.
Depending on the accuracy requirements and on the network conditions, methods based on time stamps (see clause 7.2) may be also

appropriate for this purpose. In some implementations, two-way protocols are used.

IV.3 Infrastructure

There are several applications in this use case category including IP digital subscriber line access multiplexer (IP DSLAM), modular
cable modem termination system (M-CMTS), multiservice access node (MSAN), optical line termination (OLT), etc. This area is for

further study.

IV.4 Media gateway
For further study.
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Appendix V

Packet networks reference models

(This appendix does not form an integral part of this Recommendation.)
The packet network reference models that have been used to characterize the performance of packet networks, in terms
of packet delay variations, are shown in Figures V.1 and V.2: model A in Figure V.1 is related to applications with very
strict delay and delay variation requirements, model B in Figure V.2 refers to scenarios with less strict packet delay
variation requirements.
These models do not describe how packet networks have to be designed. The purpose of these models is purely to provide a general

understanding of the characteristics of typical packet networks.

V.1 Ethernet networks models

The following models have been defined for the case of Ethernet networks (Figures V.1 and V.2).

——» Outgoing traffic N= 10
— — —» Input traffic according to traffic models GE 1 Gbit/s Ethernet
----- + Flow of interest FE 100 Mbit/s Ethernet

Ethernet switches
~~ G.8261-Y.1361(13)_FV.1

Figure V.1 — Packet network reference model A (switched Ethernet network)

——» Outgoing traffic M thd
— — —» Input traffic according to traffic models GE 1 Gbit/s Ethernet
----- » Flow of interest FE 100 Mbit/s Ethernet

Ethernet switches
~~ G.8261-Y.1361(13)_FV.2

Figure V.2 — Packet network reference model B (switched Ethernet network)

NOTE 1 — With respect to the number of Ethernet switches ("M") in Figure V.2, there is a common agreement that 20 is a reasonable
number. This has to be confirmed.

NOTE 2 — 10 Ghit/s links could be considered in new models.

The following cases have been considered:

. scenario 1: switched Ethernet network, best effort with over-provisioning (single queue);

. scenario 2: switched Ethernet network, quality of service according to [IEEE 802.1Q], [b-IEEE 802.1p] (at least two queues,

with one dedicated queue for handling real-time data and WFQ discipline);
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. scenario 3: switched Ethernet network, quality service according to [IEEE 802.1Q], [b-IEEE 802.1p] (with one queue
dedicated for the handling of data used for timing recovery, e.g., time stamps).

NOTE 3 — In order to understand the applicability of the models in Figures V.1 and V.2, a simple approach could be to define two main
classes of network scenarios: a backbone network, that can also be used to carry services in the access network (e.g., leasing bandwidth),
and a dedicated access network. Model B (Figure V.2), could be the reference model mainly applicable for the first type of packet
network (backbone), while model A (Figure V.1) could be the reference model mainly applicable to an access network (e.g., wireless
access network).

Referring to the models described in clause 9, this means, that in general (most of the cases), the CE island in Case 1 and Case 3 could
be characterized by packet network reference model B, while the CE island in Case 2 could be characterized by packet network
reference model A. A third case is when bandwidth is leased by an operator to connect two end points connected via Ethernet switches
(e.g., 100 Mbit/s guaranteed bandwidth over 1 Gbit/s transport). Also in this case, models in this appendix could be used. With a proper
service level agreement (SLA) between the customer and the Ethernet network operator, one could assume that the interfering traffic
in the intermediate nodes could be considered as traffic with lower priority. The SLA in this case could guarantee bandwidth and
increase priority, since both will be key elements of a premium SLA, such as, for instance, the cellular operators will require from their
Ethernet providers. This could then be considered as a scenario with traffic handling characteristics between scenario 2 and scenario 3.
With respect to the expected result, when leasing bandwidth in a packet network, better performance could then normally be achieved
if compared with scenarios 1 and 2.

The following are the conditions considered as a basis for the characterization of a packet network:

. traffic load: 60% static;

. packet rate: 10 packets per second;

. observation intervals: 60 minutes;

. traffic models: according to Appendix VI,
. packet length: 90 octets.

With respect to the conditions listed above, the characteristics of 2 Mbit/s signals may also be considered, i.e., packets with a payload
of 256 octets and a packet rate of 1000 p/s.

Based on the above models, the following parameters describe the typical behaviour of the packet network in the different cases:
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Table V.1 — Parameters for the relevant network models

min delay + Threshold (Note)
Network model Average delay (us)
(x%) (us)
Model A Scenario 1 1400 800 + 1700 (95%)
800 + 800 (50%)
800 + 20 (10%)
800 + 1 (1%)
Scenario 2 For further study For further study
Scenario 3 For further study For further study
Model B Scenario 1 For further study For further study
Scenario 2 For further study For further study
Scenario 3 For further study For further study

NOTE — This value is the maximum delay variation for x% of the packets (95%, 50%, 10% and 1% are the reference values).

NOTE 4 — The values are based on a configuration with only 100 Mbit/s links. This provides a conservative scenario, especially for
packets with higher delay variation. Further work is needed in order to confirm and complete the table.

Details on the test cases that are needed to test the network in non-static or failure conditions are also provided in Appendix VI.
Different packet rates may be used in order to test different applications and to improve the performance of the filtering algorithms

(this is relevant for adaptive methods, or more, in general, when the synchronization is carried over packets).

V.2  Other network models

Other network models can be defined based on the considerations provided by this clause.

In particular, this clause emphasizes the compound networks that may support circuit emulation services, showing that the various
network designs may introduce new variables to timing transmission, performance and test scenarios.

NOTE 1 — The TDM pseudowire (TDM PW) terminology is used in other contexts to describe the transmission of TDM over packet
network, and will be used in this clause as a different way to address the CES aspects.

In particular, the network scenarios presented here show that:

. TDM PW may go over a unique domain made of a unique transport technique (Ethernet, IP or MPLS);

. TDM PW may go over a unique domain made of diverse transport techniques;

. TDM PW may go over different domains made of unique or diverse transport techniques;

. TDM PW crossing different domains or transport techniques may imply modifying the IWF packet layers (e.g., IP to MPLS).

For TDM PW timing using adaptive clock recovery model, the diversity of equipment, policy (e.g., QoS) and transmission methods
may impact the recovered timing quality.

The examples given in this clause are the most common, that are expected to be deployed. However, these do not intend to cover any
possible scenarios, such as when using traffic engineering tunnelling (stacking MPLS labels or [b-IEEE 802.1ah]) or layering (generic
framing procedure (GFP), T-MPLS).

Deployed networks are made of different technologies. Considering a TDM PW for instance, a TDM service set-up between two IWFs
may go over multiple transmission technologies and network domain.

Some examples are provided below.

At access, it may be an Ethernet network made of Ethernet switches only, as described in Figure V.3.
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Ethernet switch . Ethernet switch
MEF CE over Ethernet Ethernet switches MEF CE over Ethernet

wep | | [ | L1 L[] [1wr]

G.8261-Y.1361(08) FV.3

Figure V.3 — Ethernet switches only network

NOTE 2 — The scenario shown in this figure can be modelled with the reference models shown in Figures V.1 and V.2.

It could also be an MPLS network with P devices and IWF at PE (provider edge), as shown in Figure V.4.

PE PE
TDM PW ] TDM PW
over MPLS MPLS P devices over MPLS
bwel [ | [ | L[| [_1 [wF]

G.8261-Y.1361(08) FV.4

Figure V.4 — MPLS PE/P only network

It could also be an IP network with IP routers and IWF in routers as shown in Figure V.5.

TDM PW TDM PW
over UDP/IP over UDP/IP
or L2TPv3 IP network(s) or L2TPv3
Cwel |1 [ 1 [ 1 [__| [1wF]

G.8261-Y.1361(08)_FV.5

Figure V.5 — IP routers only network

NOTE 3 — The network characteristics in terms of packet delay variation of the scenarios shown in Figures V.4 and V.5 (except when
a software-based forwarder is used) can be based on the results from the models shown in Figures V.1 and V.2.
However, current networks are often more complex; they may consist of different transport technologies even within one domain or

operator. A TDM PW may also cross different domains.

Five examples are given below.

1) TDM MPLS PW crossing 3rd party MPLS carrier (Figure V.6)
PE PE
TDM PW TDM PW

MPLS network B over MPLS

carrier supporting - nel't\/lwil;l? A
carrier

network A

G.8261-Y.1361(08)_FV.6

Figure V.6 — MPLS network over MPLS network

2) TDM MPLS PW terminated on distinct carrier IWF devices (Figure V.7)
PE MPLS PW PE
TDM PW switching

over MPLS

G.8261-Y.1361(08)_FV.7

Figure V.7 — Crossing distinct MPLS networks or domains
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NOTE 4 — Such a scenario may also depict a change in transport layer as shown in Figure V.8, where the TDM PW moves from MPLS
to IP. In this case, the TDM packet encapsulation payload is not changed; only the PSN layer changes.

PW switching

Network A Network B

MPLS PSN

(G.8261-Y.1361(08)_FV.8

Figure V.8 — Swapping the PSN layers
NOTE 5 - It may be possible that the TDM stream may have to be recovered at an interconnect point between two domains or operators,
either because the previous scenario is not possible (different TDM PW encapsulations), or because operators do not agree on the
interconnection method (can be with respect to location or management of the switching node, the encapsulation or control plane). This
is shown in Figure V.9.

End point of End point of
TDM PW service TDM PW service
clock source slave clock

G.8261-Y.1361(08)_FV.9

Figure V.9 — Crossing distinct operator networks with no PW switching function

3) TDM IP PW using MPLS network, optionally using a L3VPN service (Figure V.10)
MPLS PE MPLS PE
TDM PW global table global table DM PW

or L3VPN or L3VPN

MPLS P network

(G.8261-Y.1361(08)_FV.10

Figure V.10 — IP over MPLS network

4) TDM Ethernet PW using MPLS network for transmission (Figure V.11)
MPLS PE MPLS PE
Ethernet over Ethernet over
MPLS or IP MPLS or IP
TDM PW TDM PW

(L2TPv3) (L2TPv3)

over Ethernet over Ethernet

MPLS or IP network

G.8261-Y.1361(08)_FV.11

Figure V.11 — Ethernet over MPLS or IP network

5) TDM IP PW using Ethernet PW service over MPLS network (Figure V.12).
MPLS PE MPLS PE
TDM PW Ethernet over MPLS Ethernet over MPLS TDM PW

G.8261-Y.1361(08)_FV.12

Figure V.12 — IP over Ethernet over MPLS network
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Some key aspects of such compound networks include:

. network equipments will have different characteristics;
. network policy (e.g., QoS) may be different if crossing different domains;
. timing architecture may be different.
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Appendix VI

Measurement guidelines for packet-based methods

(This appendix does not form an integral part of this Recommendation.)
The guidelines in this appendix are intended to assist in the acquisition of performance characteristics used to establish
benchmarking results.
It is important to consider that, when doing performance comparisons, the configurations of the systems being compared be as similar
as possible.
Results from the test cases provided in this appendix provide no guarantee that equipment will perform as expected in a complex
network situation under a range of complex and changing load conditions.
Although test cases in this appendix provide a useful guidance on the performance of Ethernet-based circuit emulation techniques,

evaluation in complex network scenarios that mimic the deployment profile is strongly recommended.

VI.1 Measurement reference points

The measurement reference points are provided in Figure V1.1 (differential clock recovery method) and Figure V1.2 (adaptive clock
recovery method). The two figures of this clause provide two of the most relevant test scenarios. Additional scenarios may be identified

in future versions of this Recommendation.

Reference timing signal (PRC)

Pmmmmmmmmmm oo T TR . .
! 1
Synthesizer i i
¢ N P _i ___________ . Jitter,
! ! ! ! ! wander,
| i 1 aPacketdelay : frequency
: ; *' Tval’latlon ! *' T accuracy
1
! Wander noise Wander noise
1 Test Test
i generator : generator :
5 (ITU-T 0.172) equipment | | ty10.172) || SauIPment
: i 4 ; )
v TDM v Reference i v i
CE(TDM | signal || ., | point1 Packet switched ! IWE ! TDM
traffic generator) i’ network Reference Reference signal
point 2 point 3

G.8261-Y.1361(13)_FVI.1

Figure V1.1 — Measurement reference points in the differential clock recovery method

— 96 — TR-G8261



Reference timing signal (PRC) (Note)

| Jitter,
P o T T -
: | Packet delay ! ¥vander,
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i v v y
i Test Test
i equipment equipment
; L 4
\ 4 TDM Reference i i
CE(TDM | signal | | pointl Packet switched | WE : TDM
traffic generator) i’ network Reference Reference  signal
point 2 point 3

s . ) G.8261-Y.1361(13)_FVI.2
NOTE — The reference timing signal (PRC) is used to represent the TDM service clock.

Figure V1.2 — Measurement reference points in the adaptive clock recovery method

NOTE 1 — The "Wander noise generator" in Figure V1.1 is inserted to simulate the noise generated by the synchronization network (as
specified in [ITU-T O.172]). The output of the wander noise generation should comply with the synchronization interface as specified
in [ITU-T G.824] and [ITU-T G.823].

NOTE 2 — The synthesizer in Figure VI.1 is needed to change the frequency of the asynchronous TDM signals (within the [ITU-T
G.703] limits).

NOTE 3 — This appendix contains a suite of tests to evaluate the performance of clock recovery under different kinds of network
topologies, traffic characteristics and impairments. However, the tests defined here are not exhaustive, and do not cover all possible

impairments that may be caused by the packet network. Further tests may be defined in the future, for example:

. clock recovery under the presence of link aggregation, such as [IEEE 802.1ad];
. clock recovery under the presence of QoS;
. clock recovery under the presence of flow control, such as [b-IEEE 802.3x] pause frames.

NOTE 4 — Measurement methodologies for the asynchronous signals are provided in Appendix Il of [ITU-T G.823].

V1.2 Input traffic characteristics

To be able to account for different traffic types in the network, two types of disturbance traffic models are defined as described in

clauses VI1.2.1 and V1.2.2 below.

The Network Traffic model 1 is intended to model the traffic in the access network where the majority of the traffic is voice. The

Network Traffic model 2 is intended to model the traffic on networks where the majority of the traffic is data.

It should be noted that the CES traffic is in addition to the disturbance traffic.

NOTE 1 — The details on how traffic is injected have to be provided when performing the tests. The details should cover aspects such

as how the traffic is mixed, which Ethernet switches are receiving the traffic, the packet rate for the CBR flows, etc. As an example for

details on how the traffic is mixed, the following approach could be followed:

. the different packet size profiles will appear in a random manner with probability 0.8, 0.15 and 0.05 respectively. The
random generation process will be identically independent distributed (uncorrelated) based on some pseudo-random binary
sequence (PRBS) with a minimal period of 223-1 frames.

Maximum size packets will occur in bursts lasting between 0.1 s and 3 s. For each burst event, the burst length will be selected randomly

using an identically independent uniformly distributed random generator between 0.1 s to 3 s.
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NOTE 1A - Different interpretations, on how the traffic bursts are generated in the following network traffic models, have been
proposed. The test result may depend on the specific interpretation that has been adopted.

NOTE 2 — The traffic can be injected in serial (into one port of the Ethernet switch) or in parallel (into multiple ports of the Ethernet
switch) and, in general, different behaviour is expected. However, similar statistical properties of the packet delay variation at the
output of the packet network have been observed for the serial and parallel cases when the statistics of the packets with minimum delay
were not significantly impacted by the load conditions. The following are some of the aspects that may impact the statistics of the

packets with minimum delay:

. queuing strategy in the switches
. number of switches in chain
. static vs. non-static load.

The traffic inserted into the packet-switched network in some of the test cases (such as case 2, 3, 13 and 14) may lead to very low
frequency variation on the timing information carried by the timing packets. In this case, in order to attenuate, filter or suppress such

low frequency effects the CES slave, PSC-A or PEC-S may require a low frequency filtering capability.

VI.2.1 Network Traffic model 1

According to 3GPP, the access traffic is composed by conversational (voice), streaming (audio-video), interactive (e.g., http) and
background (sms, e-mail). It is known that in wireless network 80% to 90% of the traffic is conversational, with the average call lasting
from 1 minute to 2 minutes. To be able to model this traffic, 80% of the load should be based on packets of fixed small-size constant
bit rate, and 20% based on packets with a mix of medium and maximum size.

The packet size profile is:

. 80% of the load must be minimum size packets (64 octets)
. 15% of the load must be maximum size packets (1518 octets)
. 5% of the load must be medium size packets (576 octets).

Maximum size packets will occur in bursts lasting between 0.1 s and 3 s.

VI.2.2 Network Traffic model 2

Bigger packets compared with the Network Traffic model 1 compose the networks that handle more data traffic. To be able to model
this traffic, 60% of the load should be based on packets of maximum size, and 40% on packets with a mix of minimum and medium
size.

The packet size profile is:

. 60% of the load must be maximum size packets (1518 octets)
. 30% of the load must be minimum size packets (64 octets)
. 10% of the load must be medium size packets (576 octets).

Maximum size packets will occur in bursts lasting between 0.1 s and 3 s.

NOTE — Traffic model 1 is based on the typical traffic characteristics of wireless access networks that are based on the first generations
of mobile technologies (e.g., GSM, WCDMA 3GPP releases up to Rel. 4). However, there are cases when, in order to optimize the
bandwidth usage during the traffic peak hours, the packets to/from base stations with Ethernet interface can be bundled in packets of
larger size resulting in traffic characteristics pertaining to those of Traffic model 2 instead. In this case, the traffic models characteristics

may change over time.
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VI.3 Test topologies for adaptive methods

The testing topologies described herein include methods for testing the synchronization methods applicable to this Recommendation.
These tests have been defined in a controlled environment (i.e., not in the field).

NOTE — The test cases presented in this clause address the test of the CES domain. The test of the PNT domain when adaptive clock
recovery methods are used could be done using the same approach. Some adaptation of the test cases set-up might be needed for this

purpose. This is for further study.

VI.3.1 Baseline test

Baseline test topology is shown in Figure VI.3.

Reference timing signal (PRC) (Note)

@)

Jitter, wander,

| i frequency
I
| H T accuracy
| Test
i equipment
! X
A4 TDM |
CE (TDM | signal | |\ |q | IWF ! , |DM
traffic generator) " b "] (DUT) Reference  signal
point 3
DUT Device Under Test G.8261-Y.1361(13)_FVI.3

NOTE — The reference timing signal (PRC) is used to represent the TDM service clock.

Figure V1.3 — Baseline test topology

The baseline test should be done under the following conditions:
. no packet load
. test measurements
—  measure TIE, MTIE, and MRTIE (as described in [ITU-T G.823] and [ITU-T G.824])
—  measure frequency accuracy (the value for the frequency accuracy measurement integration-time is dependent upon
the relevant end equipment)

—  performance should meet the network limits for the relevant cases as defined in clause 9.
VI1.3.2 Performance test

The performance test is equivalent to model A in Appendix V, composed with either 10 gigabit Ethernet switches or 9 gigabit Ethernet

(GE) switches and 1 fast Ethernet (FE) switches. The test topology is shown in Figure V1.4.
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NOTE - The reference timing signal (PRC) is used to represent the TDM service clock.

Figure V1.4 — Performance test topology

A specific test topology shown in Figure VI.5 is needed to perform the test case on traffic concentration forming

bottleneck. This kind of configuration creates the beating effect (see Figures 20 and 21).
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Figure V1.5 — Performance test topology for traffic concentration test case
The device under test (DUT) must be tested for stability of operation under disruptive events that may cause the
synchronization to fail or go out of specification. Test cases described in this clause are performed to test the DUT under
load variation, network changes and packet loss.

For each of the test cases described in this clause, the following measurements should be performed:
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. measure TIE, MTIE, and MRTIE (as described in [ITU-T G.823] and [ITU-T G.824]);

. measure frequency accuracy (the value for the frequency accuracy measurement integration-time is dependent upon the
relevant end equipment);

. measure packet delay variation;

. performance should meet the network limits for the relevant cases as defined in clause 9.

NOTE 1 — The test set-up, as described in Figure V1.4, provides the starting point towards a common test scenario.

However, in order to get a test environment that will be simpler to be implemented and in order to remove any risk for getting different

results when using Ethernet switches of different technologies, a proposal is under discussion to replace the specification as defined in

Figure V1.4 with a new test set-up, where in place of the Ethernet switches and the traffic generator, the delay variation could be created

by a test equipment with a delay variation profile as input.

This delay variation profile could be expressed in terms of delay variation "test vectors" (test sequence) of duration 15 min, 60 min,

and 24 hours. The delay variation shall be expressed with the proper timing resolution.

The test sequences would be based on the results from the tests performed using the tests topology as described in Figure V1.4,

NOTE 2 — Deterministic test cases may also be considered in addition to the test cases described in this clause. This is for further study.

VI.3.2.1 TestCasel

Test Case 1 models the "static" packet load. Test Case 1 must use the following network conditions:

. network disturbance load with 80% for 1 hour. The test measurements should start after the clock recovery is in a stable
condition. Guidance on stabilization period is provided in Appendix Il. The disturbance background traffic to load the

network must use network Traffic model 2 as defined in clause V1.2.2.

VI.3.2.2 Test Case 2
Test Case 2 models sudden large and persistent changes in network load. It demonstrates stability on sudden large changes in network
conditions, and wander performance in the presence of low frequency PDV.

Test Case 2 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

. allow a stabilization period according to Appendix Il for the clock recovery process to stabilize before doing the
measurements.

. start with network disturbance load at 80% for 1 hour, drop to 20% for 1 hour, increase back to 80% for 1 hour, drop back

to 20% for 1 hour, increase back to 80% for 1 hour, drop back to 20% for 1 hour (see Figure VI.6).
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Figure V1.6 — Sudden network disturbance load modulation

. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.3.2.3 Test Case 3
Test Case 3 models the slow change in network load over an extremely long timescale. It demonstrates stability with very slow changes
in network conditions, and wander performance in the presence of extremely low frequency PDV.

Test Case 3 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.
. allow a stabilization period according to Appendix Il for the clock recovery process to stabilize before doing the
measurements.
. vary network disturbance load smoothly from 20% to 80% and back over a 24-hour period (see Figure V1.7).
A
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20 Moo i ,,,,,,,,,,,,,,,, ‘\:L,Lh{':rir,r
0 Ay : ‘ >
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Time, hours G.8261-Y.1361(13)_FVI.7
Figure V1.7 — Slow network load modulation
. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.3.2.4 Test Case 4
Test Case 4 models temporary network outages and restoration for varying amounts of time. It demonstrates ability to survive network
outages and recover on restoration. It should be noted that MTIE over the 1000 s interruption will largely be governed by the quality
of the local oscillator, and should not be taken as indicative of the quality of the clock recovery process.
Test Case 4 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.
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. start with 40% of network disturbance load. After a stabilization period according to Appendix Il, remove network

connection for 10 s, then restore. Allow a stabilization period according to Appendix Il for the clock recovery process to

stabilize. Repeat with network interruptions of 100 s.

. repeat the test using Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.3.2.5 Test Case 5

Test Case 5 models temporary network congestion and restoration for varying amounts of time. It demonstrates the ability to survive

temporary congestion in the packet network.

Test Case 5 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

. start with 40% of network disturbance load. After a stabilization period according to Appendix Il, increase network

disturbance load to 100%, (inducing severe delays and packet loss) for 10 s, then restore. Allow a stabilization period

according to Appendix 11 for the clock recovery process to stabilize. Repeat with a congestion period of 100 s.

. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.3.2.6 Test Case 6

Test Case 6 models routing changes caused by failures in the network.

Test Case 6 must use the following network conditions:

. change the number of switches between the DUTS, causing a step change in packet network delay.

the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

start with 40% of network disturbance load. After a stabilization period according to Appendix Il re-route the traffic
to bypass one switch in the traffic path. This shall be done by updating the test set-up in Figure V1.4 adding a cable
from switch in position "n" to switch in position "n+2", and either using a fibre spool or adding an impairment box
able to simulate different cable lengths (10 ps and 200 us can be simulated as typical examples). The configuration
shall be done so that the traffic flow under test is routed directly from switch in position "n" via the new link to switch
in position "n+2".

After disconnecting the cable from switch "n" to switch "n+2" (so that traffic under test will then be routed from switch
in position "n" to switch in position "n+1"), allow a stabilization period according to Appendix Il for the clock recovery
process to stabilize, and then reconnect the link that was disconnected in order to restore the traffic on the original
path.

start with 40% of network disturbance load. After a stabilization period according to Appendix |1, re-route the traffic
to bypass three switches in the traffic path. This shall be done by updating the test set-up in Figure V1.4 adding a cable
from switch in position "n" to switch in position "n+4", and either using a fibre spool or adding an impairment box
able to simulate different cable lengths (10 ps and 200 us can be simulated as typical examples). The configuration
shall be done so that the traffic flow under test is routed directly from switch in position "n" via the new link to switch

in position "n+4".
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After disconnecting the cable from switch "n" to switch "n+4" (so that traffic under test will then be routed from switch
in position "n" to switch in position "n+1"), allow a stabilization period according to Appendix Il for the clock recovery
process to stabilize, and then reconnect the link that was disconnected in order to restore the traffic on the original
path.

. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.3.2.7 Test Case 7

Test Case 7 models the beating effect due to traffic concentration with TDM sources of different frequency. In particular, this test case

is referring to CES TDM flows associated with a 2048 Mbit/s or 1544 Mbit/s bitstream. The test set-up is shown in Figure V1.5 and

must use the following network conditions:

. network disturbance load with 60% for the entire test period. The test measurements should start after the clock recovery is
in a stable condition and should run over 24 hours. Guidance on stabilization period is provided in Appendix II. The
disturbance background traffic to load the network must use Network Traffic model 2 as defined in clause V1.2.2.

. apply the following frequencies with the frequency synthesizers to test the case of asynchronous services:
fi=fo
f2="fo+ 1 ppm
f3 = fo— 50 ppm (2048 kbit/s signals) or fo — 32 ppm (1544 kbit/s signals)

. at the output of the IWF on the right (reference point 3), select the TDM output signal sent by IWF #0 for measurement of
the applicable jitter and wander limits and the TDM output signal sent by IWF #3 for measurement of the asynchronous
service clock.

. run the test again with the following frequencies to test the case of clocks in holdover mixed with asynchronous services:
fi="fo
fa=fo+ 16 ppb
fz = fo — 50 ppm (2048 kbit/s signals) or fo — 32 ppm (1544 kbit/s signals)

NOTE 1 — Packet size must be the same for all CES packet streams.

NOTE 2 — The same test scenario can be also used to test different CES TDM bitstreams (e.g., DS3 CES).

NOTE 3 — Other test cases based on this test case (e.g., non-static tests where the frequency offset drifts over time) are for further

study.

V1.3.2.8 TestCase 8

Test Case 8 models a topology-dependent mechanism in packet networks that can delay packets by more than would be expected from
volume-of-traffic considerations alone (see clause 10.1.2.6).

The test network is as given in clause V1.3.2, Figure V1.4, with the following change: there is just one source of "disturbance traffic",

which is injected at switch 1, and traverses the entire network exiting at switch 10 on a separate port to the time-sensitive traffic.
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. test Case part A

This test case is similar to Test Case 3 (clause VI.3.2.3). It tests for gradual increases and decreases in traffic load in the

presence of the blocking effect as described in clause 10.1.2.6. It is not thought necessary to go to the same extremely low

frequency, and hence long test runs as Test Case 3 in order to demonstrate resilience to this particular effect.

Using network traffic model 2, start with 0% disturbance traffic load. Allow an initial stabilization period, according to

Appendix 1. Then increase the traffic load in 1% increments every minute up to 50% load. Reduce the load again in 1%

increments back down to 0%.

. test Case part B

This test case is similar to Test Case 2 (clause V1.3.2.2). It tests for sudden increases and decreases in traffic load in the

presence of the blocking effect as described in clause 10.1.2.6.

Using network traffic model 2, start with 0% disturbance traffic load. Allow an initial stabilization period, according to

Appendix Il. Then increase the traffic load up to 50% for 1 hour. Repeat three times.

VI.4 Test Topologies for differential methods

The test topology is shown in Figure V1.8.
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Figure V1.8 — Performance test topology for differential clock recovery method

NOTE — The frequency offset from the PRC introduced by the synthesizer should be + (or —) 50 ppm (2048 kbit/s) and + (or —) 32 ppm

(1544 kbit/s) for all the test cases.
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V9.4.1 Test Case 9

Test Case 9 models the performance of the differential clock recovery method under the “static™* packet load. Test Case 9 must use the

following network conditions:

. network disturbance load with 80% for 1 hour. The test measurements should start after the clock recovery is in a stable
condition. Guidance on stabilization period is provided in Appendix Il. The disturbance background traffic to load the

network must use Network Traffic model 2 as defined in clause VI.2.2.

VI1.4.2 Test Case 10

Test Case 10 models the performance of the differential clock recovery method with noise added into the reference timing signal into

the IWF. It is used to simulate the noise generated by the Synchronization Network (as specified in [ITU-T 0.172]).

Test Case 10 must use the following network conditions:

. inject wander noise according to Annex C of [ITU-T 0.172] to simulate the wander noise generated by the synchronization
network. The actual values for the wander noise depend on the application (e.g., E1, DS1). The applicable wander noise
masks are for further study.

. network disturbance load with 80% for 1 hour assuming that the clock recovery is in a stable condition. Allow a stabilization
period according to Appendix Il for the clock recovery process to stabilize before doing the measurements. The packets to

load the network must use Network Traffic model 2 as defined in clause V1.2.2.

VI1.4.3 Test Case 11

Test Case 11 models the performance of the differential clock recovery method with temporary network congestion and restoration for

varying amounts of time. It demonstrates the ability to survive temporary congestion in the packet network.

Test Case 11 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

. start with 40% of network disturbance load. After a stabilization period according to Appendix Il, increase network
disturbance load to 100% (inducing severe delays and packet loss) for 10 s, then restore. Allow a stabilization period
according to Appendix Il for the clock recovery process to stabilize. Repeat with a congestion period of 100 s.

NOTE - For the differential method, the following test cases have also been identified as relevant: Holdover (reference timing signal

loss); different QoS cases. These are for further study.

VI.5 Test for two-way protocols

The testing topologies described herein include methods for testing two-way synchronization methods (e.g., time distribution protocols)
applicable to this Recommendation.

These tests have been defined in a controlled environment (i.e., not in the field).

VI.5.1 Baseline test

Baseline test topology is shown in Figure VI.9.
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Figure V1.9 — Two-way baseline test topology
The baseline test should be done under the following conditions:
. no packet load

° test measurements:

—  measure TIE, MTIE, and MRTIE (as described in [ITU-T G.823] and [ITU-T G.824]);

G.8261-Y.1361(13)_FVI.9

—  measure frequency accuracy (the value for the frequency accuracy measurement integration-time is dependent upon

the relevant end equipment);

—  measure peak-to-peak TOD accuracy;

—  performance should meet the network limits for the relevant cases as defined in clause 9.

VI.5.2 Performance test

The performance test is equivalent to model A in Appendix V, composed with either 10 GE switches or 9 GE switches and 1 FE

switches. The test topology is shown in Figure VI.10.
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Figure V1.10 — Performance test topology for testing two-way protocols

The DUT must be tested for stability of operation under disruptive events that may cause the synchronization to fail or
go out of specification. Test cases in this clause are performed to test the DUT under load variation, network changes and
packet loss.

For each of the test cases described in this clause, the following measurements should be performed:

. measure TIE, MTIE, and MRTIE (as described in [ITU-T G.823] and [ITU-T G.824));

. measure frequency accuracy (the value for the frequency accuracy measurement integration-time is dependent upon the

relevant end equipment);

. measure packet delay variation;
. measure peak-to-peak TOD accuracy;
. performance should meet the network limits for the relevant cases as defined in clause 9.

NOTE 1 — The test set-up, as described in Figure V1.10, provides the starting point towards a common test scenario.

However, in order to get a test environment that will be simpler to be implemented, and in order to remove any risk for getting different
results when using Ethernet switches of different technologies, a proposal is under discussion to replace the specification as defined in
Figure VI1.10, with a new test set-up where in place of the Ethernet switches and the traffic generator, the delay variation could be
created by a test equipment with a delay variation profile as input.

This delay variation profile could be expressed in terms of delay variation "test vectors" (test sequence) of duration 15 min, 60 min,
and 24 hours. The delay variation shall be expressed with the proper timing resolution.

The test sequences would be based on the results from the tests performed using the tests topology as described in Figure VV1.10.
NOTE 2 — Deterministic test cases may also be considered in addition to the test cases described in this clause. These are for further

study.
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VI.5.2.1 Input traffic characteristics
The same Traffic Models 1 and 2 defined in clauses V1.2.1 and V1.2.2 will be reused here for the two-way test cases.
NOTE - The definition of specific conditions to test for asymmetry is for further study. A simple test set-up could also consider constant

delay in one direction.

VI.5.2.2 Test Case 12

Test Case 12 models the "static" packet load. Test Case 12 must use the following network conditions:

. network disturbance load with 80% for the forward direction (Server to Client) and 20% in the reverse direction (Client to
Server) for 1 hour. The test measurements should start after the clock recovery is in a stable condition. Guidance on
stabilization period is provided in Appendix Il. The disturbance background traffic to load the network must use Network

Traffic model 2 as defined in clause VI.2.2.

VI.5.2.3 Test Case 13
Test Case 13 models sudden large, and persistent, changes in network load. It demonstrates stability on sudden large changes in network
conditions, and wander performance in the presence of low frequency PDV.

Test Case 13 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

. allow a stabilization period according to Appendix Il for the clock recovery process to stabilize before doing the
measurements.

. in the forward direction: Start with network disturbance load at 80% for 1 hour, drop to 20% for 1 hour, increase back to

80% for 1 hour, drop back to 20% for 1 hour, increase back to 80% for 1 hour, drop back to 20% for 1 hour. Simultaneously,
in the reverse direction: Start with network disturbance load at 50% for 1.5 hours, drop to 10% for 1 hour, increase back to
50% for 1 hour, drop back to 10% for 1 hour, increase back to 50% for 1 hour, drop back to 10% for 0.5 hour (see Figure
VI.11).
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Figure VI1.11 — Sudden network disturbance load modulation for 2-way
. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

NOTE — The traffic generators in the test set-up are independent, because of this the shape of the traffic shown in Figure V1.11 may

drift over time.

VI.5.2.4 Test Case 14
Test Case 14 models the slow change in network load over an extremely long timescale. It demonstrates stability with very slow
changes in network conditions, and wander performance in the presence of extremely low frequency PDV.

Test Case 14 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause V1.2.1.

. allow a stabilization period according to Appendix Il for the clock recovery process to stabilize before doing the
measurements.

. in the forward direction: Vary network disturbance load smoothly from 20% to 80% and back over a 24-hour period.

Simultaneously, in the reverse direction: Vary network disturbance load smoothly from 10% to 55% and back over a 24-

hour period (see Figure V1.12).
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Figure V1.12 — Slow network load modulation for two-way
. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.5.2.5 Test Case 15

Test Case 15 models temporary network outages and restoration for varying amounts of time. It demonstrates the ability to survive

network outages and recover on restoration. It should be noted that MTIE over the 1000 s interruption will largely be governed by the

quality of the local oscillator, and should not be taken as indicative of the quality of the clock recovery process.

Test Case 15 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI.2.1.

. start with 40% of network disturbance load in the forward direction and 30% load in the reverse direction. After a
stabilization period according to Appendix I, remove network connection for 10 s, then restore. Allow a stabilization period
according to Appendix Il for the clock recovery process to stabilize. Repeat with network interruptions of 100 s.

. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.

VI.5.2.6 Test Case 16

Test Case 16 models temporary network congestion and restoration for varying amounts of time. It demonstrates the ability to survive

temporary congestion in the packet network.

Test Case 16 must use the following network conditions:

. the packets to load the network must use Network Traffic model 1 as defined in clause VI1.2.1.

. start with 40% of network disturbance load in the forward direction and 30% load in the reverse direction. After a
stabilization period according to Appendix Il, increase network disturbance load to 100% in both directions (inducing severe
delays and packet loss) for 10 s, then restore. Allow a stabilization period according to Appendix 11 for the clock recovery
process to stabilize. Repeat with a congestion period of 100 s.

. repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.
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VI.5.2.7 Test Case 17

Test Case 17 models routing changes caused by failures in the network.

Test Case 17 must use the following network conditions:

. change the number of switches between the DUTS, causing a step change in packet network delay. The packets to load the

network must use Network Traffic model 1 as defined in clause VI.2.1:

—  update the test set-up in Figure VI1.10 adding a cable from switch in position "n" to switch in position "n+2" (Figure
VI1.13 shows an example where n=1 and switch 2 is bypassed). In this way, the traffic is re-routed (in both directions)
to bypass one switch in the traffic path. This shall be done using either a fibre spool or adding an impairment box able
to simulate different cable lengths (10 us and 200 us can be simulated as typical examples). The configuration shall
be done so that the traffic flow under test is routed directly from switch in position "n" via the new link to switch in
position "n+2".

—  start with 40% of network disturbance load in the forward direction and 30% load in the reverse direction.

—  after a stabilization period according to Appendix Il, disconnect the cable from switch "n" to switch "n+2", so that
traffic under test will then be forced to go through switch in position "n+1" (Figure V1.14 shows an example where
n=1, the cable from switch 1 to switch 3 is removed, and the connection to switch 2 is restored in order for the traffic
to go through switch 2).

— allow a stabilization period according to Appendix Il for the clock recovery process to stabilize, and then reconnect
the link that was disconnected in order to restore the traffic on the original path.

. repeat the test in order to create a larger phase step:

—  update the test set-up in Figure VI1.10 adding a cable from switch in position "n" to switch in position "n+4". In this
way the traffic is re-routed (in both directions) to bypass three switches in the traffic path. This shall be done either
using a fibre spool or adding an impairment box able to simulate different cable lengths (10 ps and 200 us can be
simulated as typical examples). The configuration shall be done so that the traffic flow under test is routed directly
from switch in position "n" via the new link to switch in position "n+4".

—  apply 40% of network disturbance load in the forward direction and 30% load in the reverse direction.

—  after a stabilization period according to Appendix II, disconnect the cable from switch "n" to switch "n+4" (so that
traffic under test will then be forced to go through switch in position "n+1").

— allow a stabilization period according to Appendix Il for the clock recovery process to stabilize, and then reconnect

the link that was disconnected in order to restore the traffic on the original path.
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repeat the test using the Network Traffic model 2 as defined in clause V1.2.2 to load the network.
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Figure V1.13 — Details of Test Case 17
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Figure VV1.14 — Details of Test Case 17
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Appendix VII

Wander limits in Deployment Case 1

(This appendix does not form an integral part of this Recommendation.)

VII.1 Limits for the 2048 kbit/s interface

Table 1 has been calculated based on the following considerations with reference to Annex Ain [ITU-T G.823].

The wander budget can be split into three main components:

. diurnal wander
. asynchronous mapping of 2048 kbit/s
. wander caused by clock noise and transients.

Diurnal wander

There is no reason to change it, and its amplitude is small: 1 ps.

Asynchronous mapping of 2048 kbit/s

A root mean square (RMS) law has been used to calculate the accumulation of the 2UI per island, three island will accumulate V3 *
2Ul, i.e., 1.7 s, instead of 2 us in the original network model.

Wander caused by clock noise and transients

According to clause 1.1.5 of [ITU-T G.823], the accumulation process may be different, depending on the magnitude of frequency
offset, which may result in correlated or uncorrelated effects. It has been agreed an RMS noise accumulation. This means that each of
the four islands is responsible for half of the wander budget, as currently indicated in this Recommendation. In the new network model,
the three SDH islands are responsible for V3 of one SDH island budget according to the RMS accumulation law.

The total amount of wander allocated by [ITU-T G.823] is 15 ps, and simulations reported 12.6 ps.

The accumulation law between SDH and CES is different from that between SDH islands.

The noise generated in the SDH island is the result of VC-12 pointer events, which are infrequent, at least for a frequency offset in the
range of 10-° to 1019, as stated in clause 1.1.5 of [ITU-T G.823]; this results in a very low probability that pointers occur at the same
time in several islands.

As for the noise in a CES island, it looks very different from the one observed in SDH islands. This noise results from PDV.

As it has not been demonstrated that the RMS accumulation law applies between CES and SDH islands, it is proposed that the new
model is assumed to have an RMS accumulation law for the three SDH island and a linear accumulation for the CES.

Thus, the wander budget that can be allocated to CES would be:

18 — (1(diurnal wander) + \3 * 2U1(3 VC-12 mapping) + 12.6/2 * \V3(3 SDH islands)) = 4.3 pis

A wander of 4.3 ps is then allocated to the CES for a period of 24 hours, and the wander template is reduced by a factor of 4.3/18

(0.24), for the other plateau derived from Table 2 of [ITU-T G.823].
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VII.2 Limits for the 1544 kbit/s interface
The wander reference model and budget for 1544 kbit/s is specified in [ITU-T G.824] and consists of eight SDH islands. The wander

budget components include switch synchronization, DS1 to DS3 mapping, DS1 to VC-11 mapping, diurnal wander (temperature effects
on fibre), NE synchronization noise and wander due to random pointers. The total budget of 18 microseconds (over 24 hours) allows
14.3 microseconds of wander between switches (refer to Figure A.1 of [ITU-T G.824]), and this has been subdivided to accommodate
the replacement of one SDH island with a CES island. The procedure followed assumes that accumulation of mapping wander,
synchronization noise and wander due to pointers is based on RMS addition. Based on RMS addition, the portion of the 18

microseconds available (i.e., 12.7, see Table VI1.1) to each of eight islands is now 4.5 microseconds (12.7/sqrt(8)).

Table VII.1 — 1544 kbit/s wander budget component allocation

Budget component Allocation Portion available for subdividing
Switch Synchronization 3.7
E11-E31 mapping 0.3
E11 to VC-11 mapping 2.6 2.6
Diurnal wander (Temp) 13
NE sync noise/pointers 10.1 10.1
Total 18.0 12.7

The resulting wander for each island in terms of MTIE over all observation times up to 24 hours is given in Table 2. This table is based
on a uniform reduction of the interface specification in Table 2 of [ITU-T G.824]. Note that this table also considers the mapping jitter
requirements for a single VC-11 island, 0.7 Ulpp as specified in [b-ITU-T G.783], (see Table 15-3 of [b-ITU-T G.783]).

The wander accumulation studies that were performed to derive the SDH wander components were based on extensive simulations to
verify that the 18-microsecond requirement could be met over the SDH reference model. Future simulation work may be required when

the CES network models and mappings are specified in greater detail. These numbers may be revised based on the results of that work.
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Appendix VIII

Synchronization status messaging in synchronous Ethernet PHY

(This appendix does not form an integral part of this Recommendation.)

Details on SSM for synchronous Ethernet are defined in [ITU-T G.8264].
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Appendix IX

IWF examples

(This appendix does not form an integral part of this Recommendation.)
Examples of typical IWF applications are provided below.
Figure IX.1 shows the case when the service clock timing is handled via adaptive method and there is no PNT function implemented
(no access to network clock).
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Figure IX.1 — Adaptive method in the CES IWF: no PNT functions

The following figures present an example of the service and network domains in case of the TDM clock recovery

according to the differential method where the common reference is distributed via synchronous Ethernet.
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Figure 1X.2 — Example of differential method using common reference

distributed over synchronous Ethernet
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Figure 1X.3 — Service and network clock domain in the IWF at the transmitting side (Tx)
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Figure 1X.4 — Service and network clock domain in the IWF at the receiving side (Rx)

The next example shows the network timing carried by the TDM network. This timing is then used to support the

differential operation in the CES IWF, and also to synchronize the PEC in order to generate the time stamps to be delivered

over the packet network.
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NOTE — This timing drives the generation of the outgoing packets and forms the basis for generating

timing messages for the differential methods. The reference timing signal generated by the PNT-F and the one that

shall support the differential method may be driven by a clock different from EEC (e.g., SEC).

Figure IX.5 — Differential method in the CES IWF: EEC and PEC in the PNT
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Appendix X

Considerations on measurement of synchronous Ethernet according to
ITU-T methodologies in comparison with IEEE jitter measurements

(This appendix does not form an integral part of this Recommendation.)

The specifications and test methodologies for jitter on Ethernet differ from those for SDH because different timing

methods are used. In synchronous systems such as SDH, the system components are synchronized to a common clock. In

asynchronous systems such as Ethernet, component timing is provided either by distributed clocks or by clock signals

recovered from the data. In this case, the jitter generated by components must be limited, but the jitter transferred from

one component to another is less important than for synchronous systems where jitter can increase from component to

component.

In SDH systems, three relevant measurements in different test configurations define jitter performance: band-limited jitter generation,

sinusoidal jitter input tolerance, and jitter transfer.

Ethernet uses the approach that there are essentially two mechanisms that cause jitter, namely deterministic jitter and random jitter.

Separate requirements are specified for transmitters and receivers.

Table X.1 — Comparison between ITU-T and IEEE jitter measurements

Jitter transfer

SDH Ethernet
Network standard [b-ITU-T G.783], [ITU-T G.825] [IEEE 802.3]
Test equipment standard [ITU-T 0.172]
Jitter applications Jitter generation (Note 1)
Jitter input tolerance (Note 2)

waveform.

NOTE 1 — There are three viable methodologies for measuring jitter output:

1) time domain measurement using an oscilloscope to characterize the data eye.

2) time domain measurement using BERT scan by moving of the data sampling point within the data eye.

3) time interval analysis based on accurate measurement of the time interval between threshold crossings of the transmitter

NOTE 2 — A stressed receiver sensitivity (SRS) test is performed on receivers. The test is designed to verify that a receiver can
operate at a BER of better than 10-12 when receiving the worst-case permitted signal. This test is analogous to jitter tolerance. The
SRS test is also called a "stressed eye test” or "receiver tolerance test". A SRS test consists of two parts: an eye mask with

combinations of impairments and a sinusoidal jitter template used for step-through measurements.
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Appendix Xl

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

(This appendix does not form an integral part of this Recommendation.)

ITU-T has approved the following family of Recommendations (G-series), which describe several aspects of

synchronization functions for TDM:

ITU-T G.803 — Architecture of transport networks based on the synchronous digital hierarchy (SDH) — This
Recommendation describes the functional architecture of transport networks, including network synchronization principles
for networks that are based on the SDH.

ITU-T G.810 — Definitions and terminology for synchronization networks — This Recommendation provides definitions and
abbreviations used in timing and synchronization Recommendations.

ITU-T G.823 — The control of jitter and wander within digital networks which are based on the 2048 kbit/s hierarchy — This
Recommendation specifies the maximum network limits of jitter and wander that shall not be exceeded, and the minimum
equipment tolerance to jitter and wander that shall be provided at any relevant transport or synchronization interfaces which
are based on the 2048 kbit/s hierarchy.

ITU-T G.824 — The control of jitter and wander within digital networks which are based on the 1544 kbit/s hierarchy — This
Recommendation specifies the maximum network limits of jitter and wander that shall not be exceeded at relevant transport
or synchronization network interfaces, and the minimum equipment tolerance to jitter and wander that shall be provided at
any relevant synchronization or transport interface.

ITU-T G.825 — The control of jitter and wander within digital networks which are based on the synchronous digital hierarchy
(SDH) — This Recommendation specifies the maximum network limits of jitter and wander that shall not be exceeded, and
the minimum equipment tolerance to jitter and wander that shall be provided at any relevant transport or synchronization
interfaces which are based on the synchronous digital hierarchy (SDH).

ITU-T G.812 — Timing requirements of slave clocks suitable for use as node clocks in synchronization networks — This
Recommendation outlines minimum requirements for timing devices used as node clocks in synchronization networks. This
Recommendation includes specifications for three types of clocks in the main body and three other clocks in Annex A.
ITU-T G.813 — Timing characteristics of SDH equipment slave clocks (SEC) — This Recommendation outlines minimum
requirements for timing devices, used in synchronizing network equipment, that operate according to the principles governed
by the synchronous digital hierarchy (SDH).

ITU-T G.781 — Synchronization layer functions — This Recommendation defines the atomic functions that are part of the 2
synchronization layers, the synchronization distribution (SD) layer and the network synchronization (NS) layer. It also
defines some atomic functions, part of the transport layer, which are related with synchronization.

ITU-T G.783 — Characteristics of synchronous digital hierarchy (SDH) equipment functional blocks — This
Recommendation specifies both the components and the methodology that should be used in order to specify SDH

functionality of network elements.
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ITU-T has been working on the following family of Recommendations (G.826x- and Y.136x-series), which describe several aspects of

frequency synchronization functions for packet networks:

- ITU-T G.8261/Y.1361 — Timing and synchronization aspects in packet networks — This Recommendation defines
synchronization aspects in packet networks. It specifies the maximum network limits of jitter and wander that shall not be
exceeded. It specifies the minimum equipment tolerance to jitter and wander that shall be provided at the boundary of these
packet networks at TDM and synchronization interfaces. It also outlines the minimum requirements for the synchronization
function of network elements.

- ITU-T G.8261.1/Y.1361 — Packet delay variation network limits applicable to packet-based methods (Frequency
synchronization) — This Recommendation is related to synchronization aspects in packet networks. In particular it specifies
the hypothetical reference model and the PDV network limits applicable when frequency synchronization is carried via
packets and is recovered according to adaptive clock recovery method as defined in Recommendations ITU-T G.8261 and
[ITU-T G.8260]. It specifies the minimum equipment tolerance to packet delay variation in terms of the metrics defined in
[ITU-T G.8260] at the boundary of these packet networks.

- ITU-T G.8262/Y.1362 — Timing characteristics of synchronous Ethernet equipment slave clock (EEC) — This
Recommendation outlines the requirements for timing devices used in synchronizing network equipment that uses
synchronous Ethernet.

- ITU-T G.8263/Y.1363 — Timing characteristics of packet based equipment clocks — This Recommendation outlines
requirements for timing devices used in synchronizing network equipment that operates in the IWF and to other network
elements as defined in Recommendation ITU-T G.8261/Y.1361. This Recommendation defines the requirements for packet-
based clocks.

- ITU-T G.8264/Y.1364 — Distribution of timing information through packet networks — This Recommendation outlines the
requirements on Ethernet networks with respect to frequency transfer. It specifies the SSM transport channel namely the
Ethernet synchronization messaging channel, protocol behaviour and message format. This Recommendation also details
the required architecture in formal modelling language.

- ITU-T G.8265/Y.1365 — Architecture and requirements for packet-based frequency delivery — This Recommendation
describes the architecture and requirements for packet-based frequency distribution in telecom networks. Examples of
packet-based frequency distribution include the network time protocol (NTP) and [b-IEEE 1588-2008], briefly described
here. Details necessary to utilize [b-IEEE 1588-2008] in a manner consistent with the architecture are defined in other
Recommendations.

- ITU-T G.8265.1/Y.1365.1 — Precision time protocol telecom profile for frequency synchronization — This Recommendation
contains the ITU-T PTP Profile for frequency distribution without timing support from the network (unicast mode). It
provides the necessary details to utilize [IEEE 1588-2008] in a manner consistent with the architecture described in
[ITU-T G.8265]. This version of the Recommendation defines the PTP profile for unicast mode only. Future versions of the
Recommendation will contain a separate profile for a mixed unicast/multicast case.

Table XI.1 shows the relationship between the TDM synchronization Recommendation family and the packet synchronization

Recommendation family.
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Table XI.1 — TDM synchronization Recommendation family versus

the packet synchronization Recommendation family

Requirements

TDM network

Packet network

Functional architecture and network

synchronization requirements

G.803, G.810

G.823, G.824, G.825

G.8261/Y.1361
G.8261.1/Y.1361
G.8265/Y.1365

Equipment clock specification

G.812 (Type IV), G.813

G.8262/Y.1362
G.8263/Y.1363

Synchronization layer functions,

functional blocks, timing flow, and SSM.

Packet timing protocol

G.783, G.781

G.8264/Y.1364, G.781
G.8265.1/Y.1365.1
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Appendix XII

Basic principles of timing over packet networks

(This appendix does not form an integral part of this Recommendation.)

XIl.1 General

Consider the situation where a slave clock (aka client) derives its timing from a master clock (aka server). Packet exchanges between
master and slave provide measurements of the transit delay and clock offset between the two. This is explained with respect to Figure
XI1.1. The principles of timing over packet networks described here are quite general. These are examples that are applicable to both
one-way and two-way methods. The particular protocol (e.g., [b-IEEE-1588] or NTP) employed determines the details (method, and
underlying conventions), whereby the measurements (“time-stamps™) are communicated between the two entities. It should be noted
that the number of packets transmitted in the two directions need not be equal and, further, there may be additional packets transmitted
that carry information but whose transit delay is not measured.

A fundamental assumption is that packet paths (routes) can be viewed as static over some interval of time, with fundamental changes
occurring infrequently. If the time interval between significant changes of the transmission path is much larger than the packet exchange
interval, the path can be treated as constant for a given set of measurements. That is, the path taken by the packets is the same over the

measurement interval.

Server (master) T, T,

Time line

T, T,
Client (slave)

>
>

G.8261-Y.1361(08)_FXIl.1

Figure XII.1 — Notion of time-stamps in packet exchange between a server and a client

Associated with the packets whose transit time is measured, there are four time-stamps which are defined as follows:

Ti: A time-stamp representing the best estimate of the transmit origination epoch of a packet or frame originating at the slave
clock.

Ta: A time-stamp representing the best estimate of the receive termination epoch of packet or frame terminating at the master
clock.

Ts: A time-stamp representing the best estimate of the transmit origination epoch of a packet or frame originating at the master
clock.

Ta: A time-stamp representing the best estimate of the receive termination epoch of a packet or frame terminating at the slave
clock.

A complete representation of a generic time-stamp value can be constructed as:

Trs () =T(n) +ers () +eck (N) (X11-1)

Equation X11-1 reflects the fact that the time-stamp (numerical value) associated with a packet, Trs, is related to the true time epoch for
that packet (T(n)) with two error terms. First, there is the direct contribution of the local clock error, ecLk. Second, there is the inaccuracy
in the time-stamp process, ers, which can obscure the behaviour of the clock. The index "n" is included to identify the packet as being

one member of a sequence of packets.
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With reference to Figure XI1.1, the following important timing flow metrics can be defined based on the time-stamps. These metrics
are applicable in both one-way and two-way transfer operations.
First consider the case of one-way (frequency) transfer operation.
One-way transfer is an asymmetrical operation that only requires packet or PDU flow originating in one direction. For example,
consider a timing flow originating at the master clock and terminating at the slave clock. Of the four time-stamps described in Figure
X11.1, only two apply in this mode. When the master originates the time-stamp flow, convention dictates that the time-stamp pair (Ts,
Ta) describes the process. The originating time-stamp T3 is with respect to the master view of time (Master time-scale), while the
terminating time-stamp T4 is with respect to the slave time-scale.
The measurement offset, dms, can be calculated as (the subscript "MS" indicates the master-to-slave direction; "SM" is used for the
slave-to-master direction):

Sms (N) =T4(n) = T(n) (XI1-2a)

where:

T4(N) =T(n) + Ay (N) + €515 (N) + €5 _c1k () (XI1-2b)
where Ams(n) is the network delay experienced by the (nth) packet transmitted from the master to the slave, and:

T3(n) =T(n) + ey _rs (N) + ep_cik (N) (X11-2c)
Thus,

dps () = €5_crk (N) — ey _crk (N) + Apys () + €5 _15(N) — ey _15(N) (X11-2d)

Note that one-way packet transfer between the client clock and server clock is also possible and an equivalent measurement offset

defined for that case. Likewise, the measurement offset, dsm, for the slave-to-master direction, can be calculated as:

Sgm (M) =Ty(n) =Ty (n) (X11-2¢)

and (Equation XI1-2f) follows (Equation X11-2d) with the roles of master and slave reversed. Asm(n) is the network delay experienced

by the (nth) packet transmitted from the client to the server.

Ssm (M) = em_cLk (N) —es_crk (N) + Agy (N) + ey 15 (N) —es_75(N) (X11-2f)

The most important properties of measurement offset are:

1) the measurement offset is biased by the one-way packet delay (A). The packet delay cannot be estimated with a one-way
measurement, if the client clock offset is unknown. dms and dsm are estimates of the one-way delay and are rendered
imprecise by the clock and time-stamping errors.

2) by selecting one-way packet transactions with good (stable) delay properties, the deleterious impact of packet delay bias
can be minimized.

3) the residual bias can either be reduced by estimating the one-way delay through some other means (such as using time-
stamps associated with the reverse direction), or ignored in the case of frequency estimation as frequency offset is simply
the rate of change of the phase offset which is zero for a constant phase bias error.

4) the time-stamping errors at the server and client cannot be eliminated and must be properly constrained for acceptable
operation.

The measurement offset in a one-way packet transfer is analogous to the phase error measurements obtained with current physical layer

one-way synchronization. As such, it is capable of supporting frequency transfer but not precise time transfer.
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In contrast to one-way operation, two-way time-stamp operation implies timing packet flow in both directions. That is, all four time-
stamps described in Figure XI11.1 are employed. In a two-way packet time-stamp transaction, the time-stamp flow is initiated by one
element (typically the client in NTP and the server in PTP).

The initiating direction is considered the forward direction, while the return transaction is considered the reverse direction. However,

since each direction can be considered a one-way transaction, the two-way transaction can be described as follows:

Ssm (M) = em_cLk (N) —es_crk (N) + Agy (N) + ey 75 (N) —es_75(N) (X11-3a)

Oms (M) =es_cik (N) —ey_cik (M) + Ays(n) +es_1s(N) —ey_rs(N)  (X11-3b)

Two key parameters can be estimated from the two-way exchange, namely from 8sm and dwms. For simplicity, we shall assume for now

that the time-stamping errors are negligible. The first key parameter is termed offset:

Sms (N) ; dsm (N) _ es_crr (M) — ey _orw (M) + [Ams () ; Agw (M)]

Where offset represents an estimate of the clock correction required to align the client time to the server time.

offset(n) = (XI1-4)

The second parameter is round-trip delay (rtd) which represents an estimate of the total round-trip path delay:

rtd(n) = s (n) + dsm () = Aps(n) + Agy () (XI1-5)
Obviously, to obtain an unbiased offset estimate, the forward and reverse path delays must either be known or assumed symmetric.
Note that an unbiased estimate of round-trip delay depends on the clock errors being the same for both directions. Of course, if the time
between the two packet exchanges is low, then the clocks errors can be assumed common to both transactions.
Error in (the estimate of) the client clock, €, can be attributed to the following causes:
1) the transit delay in the two directions is not equal. The difference directly affects the client clock error estimate. The error,

Ag, is given by:

1
Ae = (E (Ans —Aswm) (X11-6)
2) the time-stamp measurements may not be measured precisely. That is, whereas T: is the actual time-of-departure of the

packet from the server, the value used in the calculation may be an estimated time-of-departure. Likewise, T2 is meant to be
the actual time-of-arrival; the value used may be an estimate. For the time-stamp values to be accurate, they must be obtained
by means that are as close to the PHY layer as possible and thus the time-of-departure (time-of-arrival) is not compromised
by any (variable) delay attributable to such entities, as the operating system and interrupt handling. There will still be some
residual errors associated with time-stamp resolution and delay variation in the PHY layer itself. Time-stamp resolution can
be addressed by proper design. PHY noise needs to be either constrained or filtered depending on the transport.

3) the transit delays Ams and Aswm are not fixed and change from packet to packet because of the packet delay variation (PDV)

associated both with queuing related effects and physical transport effects in the network.

XIl.2 Packet delay variation mitigation by packet selection

An important concept is that a clock filter or clock servo operating on the measurement parameters defined above may select or weight
a transaction to optimize overall clock stability. That is, by suitable classification and selection of packets, the deleterious impact of
packet delay variation can be mitigated.

The assumption that the path is constant over the interval of observation implies a situation where the packet delay variation will have

a distribution function with a slowly changing floor. The floor is the minimum delay that a packet (or other protocol data unit such as
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a layer 2 frame) can experience in a given path. The floor can be viewed as the condition where both output and system queues (in all
equipment that is involved in the flow, including the source, destination, and intervening elements) are “empty" when the particular
packet needs the resource, and thereby do not delay transmission of the packet. The residual packet delay variation is then associated
with physical layer jitter and wander mechanisms. Under normal non-congested loading conditions, in many cases, it has been observed
that a reasonable fraction of the total number of packets will traverse the network at or near this floor, even though others may
experience significantly longer delays. This type of behaviour has been addressed in this Recommendation (see Appendix I). In these
cases, the PDV distribution exhibits a high degree of skewness when the network is lightly loaded. That is, the probability density can
be more concentrated near this floor, with a relatively large fraction of total packets experiencing this "minimum™ (or "near-minimum")
delay. These phenomena are under study. A properly designed clock servo or filter can take advantage of the skewness to mitigate the
effects of the instability on the long tail of the PDV distribution.

In principle, floor-based transfer noise is limited by a number of factors such as:

1) physical layer propagation "speed of light" delay;

2) time-stamp resolution;

3) mapping delays over non-Ethernet based physical transport (Ethernet over xDSL, PON, etc.);

4) other small delay variation mechanisms, such a PHY clock jitter and backplane clock domain jitter;
5) tilt in the offset of the local clock during the assessment of the floor.

XIl.3 Comparison of packet-based and synchronous PHY methods

There are several differences between packet-based methods (e.g., [b-1IEEE 1588], NTP) and synchronous PHY methods such as

synchronous Ethernet. Some of these are discussed below.

1) synchronous PHY methods are generally one-way methods and suitable for frequency alignment. Packet-based methods
can be operated in a one-way mode to achieve frequency alignment and approximate time alignment. Packet-based operation
in a two-way mode can achieve time alignment as well as frequency alignment.

2) since the timing information in synchronous PHY methods is contained in the physical line-code signal, the information is
not dependent on the traffic loading. On the contrary, packet-based methods are impacted by the traffic patterns, especially
if quality-of-service prioritization schemes are not enforced.

3) synchronous PHY methods are point-to-point. Every intermediate node between PRC and client clock under consideration
must be part of the timing distribution system for timing chains to be unbroken. Packet-based methods can traverse nodes
that are not involved in the timing distribution.

4) the input tolerance of a synchronous PHY clock is expressed in terms of the "clock noise" in the reference signal and
quantified using TDEV and MTIE metrics. The network impairments that affect the performance of a packet-based clock
are packet loss and packet delay variation (PDV) both from physical layer and queuing delay sources. Suitable metrics for
quantifying packet delay variation from a clock recovery point-of-view are in development. These include TDEV and
minTDEV. MTIE is not a meaningful metric for quantifying packet delay variation from the viewpoint of clock recovery

because not all packets are necessarily utilized in the recovery algorithms.

XIl.4 Existing standards
The published standards for synchronization over packet networks are NTP ([b-IETF RFC 5905], which obsoletes both [b-IETF RFC

1305] (NTP v3) and [b-IETF RFC 4330] (SNTP)), and [b-IEEE 1588] (PTP).
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NTP and PTP are general protocols for packet networks and do not directly address telecommunications requirements. Suitable profiles
that provide guidelines for deployment in telecommunications applications are in development.

[ITU-T Y.1731] utilizes time-stamps for establishing some performance criteria in Ethernet networks. It is instructive to see [ITU-T
Y.1731] utilize exactly the 4 time-stamps as described here, and transports them in operations, administration, and maintenance (OAM)

frames between the two ends of a link.
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Appendix XIllI

Evaluation of the packet delay variation generation in a network node

(This appendix does not form an integral part of this Recommendation.)

X111 Introduction

This Appendix provides guidance on the evaluation of the packet delay variation (PDV) generation in network nodes when using packet
based methods without timing support, or with partial timing support from the network. The type of testing described in this Appendix
is applicable to PTP unaware nodes (i.e., network nodes not supporting boundary clocks or transparent clocks).

PDV noise is relevant to both frequency and phase or time synchronization. Asymmetry is relevant only to phase or time
synchronization, but not to frequency synchronization. This Appendix only addresses frequency synchronization. The evaluation and

analysis related to phase/time synchronization is for further study and may be defined in a separate Recommendation.

XIll.2 General considerations

The purpose of PDV testing for a single node is to determine the impact of the node on propagation timing of the timing packets, and
therefore, its impact on the packet based timing distribution.

Any feature enabled on equipment like a router or a switch may have an effect on PDV. It is therefore suggested that a number of
configurations may be trialed that represent deployment plans.

For instance, if the equipment is planned to be used as a router, the different packet flows will have to be routed in the equipment during
the tests. If the equipment is planned to be used as a switch, then the different packet flows will have to be switched during the tests.
Mixed scenarios might be applicable in some cases (e.g., switch/router, where packet timing may be routed and background traffic
switched, or vice versa). Other configurations might be: QoS enabled or not, encapsulation that is used (e.g., MPLS), accepted customer

list.

XI1.3 General configuration

This clause depicts the general configuration to be used when testing the PDV generation of a single node.

XIll.3.1  General description of the PDV generation tests for a single node

The PDV generation testing for a single node consists in measuring the PDV added to a packet timing signal (such as [b-IEEE 1588]
timing flow) when it is carried over a single network equipment. The packet timing signal must be ideal at the input of the network
equipment (i.e., it does not have any PDV before entering the node), and the PDV must be measured directly at the output of the
network equipment in order to determine the PDV generated by the node. Stress conditions are used during the test, for instance
background traffic is applied on the network node.

Figure XIII.1 below illustrates the PDV generation testing with a single node. Clause XII1.3 will detail generic tests that can be

applicable.
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Figure XI11.1 — General set-up for PDV generation tests for a single node

NOTE 1 — In order to generate an ideal packet timing signal at the input of the network equipment, a packet master clock (e.g., PTP
master) can be directly connected to the network equipment under stress conditions. Note that the PDV noise generated by the master
has to be very low in order to consider that the input packet timing signal is free of noise (e.g., negligible compared to the noise
measured).

NOTE 2 — The PDV of the packet timing signal (e.g., PTP timing flow) can be measured at the output of the network equipment using
a PDV probe in order to determine the PDV generated by the network equipment.

NOTE 3 — In order to set up the timing protocol communication (e.g., PTP communication), a packet slave clock (e.g., PTP slave) can
be connected to the network equipment after the PDV probe (note however, that the purpose is not to measure the performance at the
output of the slave, but only the PDV produced by the equipment).

Details about the different possible configurations (e.g., packet timing flow and background traffic configuration) and generic tests are

for further study.
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<http://webapp.etsi.org/workprogram/Report_Workltem.asp?WKI_ID=8606>

ETSI TS 125 104 (in force), Universal Mobile Telecommunications Systems (UMTS);

Base Station (BS) radio transmission and reception (FDD).

<http://webapp.etsi.org/workprogram/Report_Workltem.asp?WKI_ID=28301>

ETSI TS 125 105 (in force), Universal Mobile Telecommunications Systems (UMTS);

Base Station (BS) radio transmission and reception (TDD).

<http://webapp.etsi.org/workprogram/Report_WorkItem.asp?WKI_ID=28303>

ETSI TS 125 402 (in force), Universal Mobile Telecommunications Systems (UMTS);

Synchronization in UTRAN Stage 2.

<http://webapp.etsi.org/workprogram/Report_Workltem.asp?WKI_1D=22972>
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[b-ETSI TS 125 431]

[b-ETSI TS 145 010]

[b-1EEE 802.1ah]

[b-1EEE 802.1p]

[b-IEEE P802.1Qay]

[b-IEEE 802.3x]

[b-1EEE 1588]

[b-IETF RFC 1305]

[b-IETF RFC 4330]

[b-IETF RFC 5905]

[b-3GPP2 C.S0010-B]

[b-3GPP2 C.S0002-C]

[b-3GPP TR 25.836]

ETSI TS 125 431 (in force), Universal Mobile Telecommunications System (UMTS);
UTRAN lub interface Layer 1.

<http://webapp.etsi.org/workprogram/Report_Workltem.asp?WKI_1D=24642>

ETSI TS 145 010 (in force), Digital cellular telecommunications systems (Phase 2+),
Radio subsystem synchronization.

<http://webapp.etsi.org/workprogram/Report_Workltem.asp?WKI_1D=19334>

IEEE 802.1ah-2008, IEEE Standard for local and metropolitan area network — Virtual
Bridged Local Area Networks — Amendment 7: Provider Backbone bridges.

<http://www.ieee802.org/1/pages/802.1ah.htmI>

IEEE 802.1p-2005, IEEE Standard for Local and Metropolitan Area Networks: Traffic

Class Expediting and Dynamic Multicast Filtering.

IEEE P802.1Qay-REV-2007, Draft Standard for Local and Metropolitan Area
Networks — Virtual Bridged Local Area Networks: Amendment Provider Backbone
Bridge Traffic Engineering.

<http://www.ieee802.0rg/1/pages/802.1ay.htmI>

IEEE 802.3x-1997, IEEE Standards for Local and Metropolitan Area Networks:

Supplements to Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
Access Method and Physical Layer Specifications — Specification for 802.3 Full Duplex
Operation and Physical Layer Specification for 100 Mb/s Operation on Two Pairs of
Category 3 or Better Balanced Twisted Pair Cable.
<http://standards.ieee.org/getieee802/802.3.htmI>

IEEE 1588 STD -2008, Standard for a Precision Clock Synchronization Protocol for

Networked Measurement and Control Systems <http:/ieee1588.nist.gov/>

IETF RFC 1305 (1992), Network Time Protocol (Version 3) — Specification,

Implementation, and Analysis.

<http://www.ietf.org/rfc/rfc1305.txt?number=1305>

IETF RFC 4330 (2006), Simple Network Time Protocol (SNTP) Version 4 for I1Pv4,
IPv6 and OSI.

IETF RFC 5905 (2010), Network Time Protocol Version 4: Protocol And Algorithms

Specification.
<http://www.ietf.org/rfc/rfc5905.txt?number=59055905>

3GPP2 C.S0010-B (in force), Recommended Minimum Performance Standards for

cdma2000 Spread Spectrum Base Stations. <http://www.3gpp2.org/Public_html/specs/C.S0010-

B_v2.0_021704.pdf>
3GPP2 C.S0002-C (2002), Physical layer standard for cdma2000 Spread Spectrum

Systems.

<http://www.3gpp2.org/Public_html/specs/C.S0002-C_v1.0.pdf>

3GPP TR 25.836 (2001), Node B synchronization for TDD.

<http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_09/Docs/PDFs/RP-000406.pdf>
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http://www.3gpp2.org/Public_html/specs/C.S0002-C_v1.0.pdf
http://www.3gpp1.com/ftp/Specs/html-info/25836.htm

[b-MEF 3] MEF 3 (2004), Circuit Emulation Service Definitions, Framework and Requirements in
Metro Ethernet Networks.

<http://metroethernetforum.org/Assets/Technical_Specifications/PDF/MEF3.pdf>
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ITU-T Y-SERIES RECOMMENDATIONS

GLOBAL INFORMATION INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS AND NEXT-

GENERATION NETWORKS

GLOBAL INFORMATION INFRASTRUCTURE
General
Services, applications and middleware
Network aspects
Interfaces and protocols
Numbering, addressing and naming
Operation, administration and maintenance
Security
Performances

INTERNET PROTOCOL ASPECTS
General
Services and applications
Architecture, access, network capabilities and resource management
Transport
Interworking
Quality of service and network performance
Signalling
Operation, administration and maintenance
Charging
IPTV over NGN

NEXT GENERATION NETWORKS
Frameworks and functional architecture models
Quality of Service and performance
Service aspects: Service capabilities and service architecture
Service aspects: Interoperability of services and networks in NGN
Enhancements to NGN
Network management
Network control architectures and protocols
Packet-based Networks
Security
Generalized mobility
Carrier grade open environment

FUTURE NETWORKS

CLOUD COMPUTING

Y.100-Y.199
Y.200-Y.299
Y.300-Y.399
Y.400-Y.499
Y.500-Y.599
Y.600-Y.699
Y.700-Y.799
Y.800-Y.899

Y.1000-Y.1099
Y.1100-Y.1199
Y.1200-Y.1299
Y.1300-Y.1399
Y.1400-Y.1499
Y.1500-Y.1599
Y.1600-Y.1699
Y.1700-Y.1799
Y.1800-Y.1899
Y.1900-Y.1999

Y.2000-Y.2099
Y.2100-Y.2199
Y.2200-Y.2249
Y.2250-Y.2299
Y.2300-Y.2399
Y.2400-Y.2499
Y.2500-Y.2599
Y.2600-Y.2699
Y.2700-Y.2799
Y.2800-Y.2899
Y.2900-Y.2999
Y.3000-Y.3499
Y.3500-Y.3999

For further details, please refer to the list of ITU-T Recommendations.
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SERIES OF ITU-T RECOMMENDATIONS
Series A Organization of the work of ITU-T
Series D General tariff principles
Series E Overall network operation, telephone service, service operation and human factors
Series F Non-telephone telecommunication services
Series G Transmission systems and media, digital systems and networks
Series H Audiovisual and multimedia systems

Series | Integrated services digital network
Series J Cable networks and transmission of television, sound programme and other multimedia
signals

Series K Protection against interference

Series L Construction, installation and protection of cables and other elements of outside plant

Series M Telecommunication management, including TMN and network maintenance

Series N Maintenance: international sound programme and television transmission circuits

Series O Specifications of measuring equipment

Series P Terminals and subjective and objective assessment methods

Series Q Switching and signalling

Series R Telegraph transmission

Series S Telegraph services terminal equipment

Series T Terminals for telematic services

Series U Telegraph switching

Series V Data communication over the telephone network

Series X Data networks, open system communications and security

Series Y Global information infrastructure, Internet protocol aspects and next-generation
networks

Series Z Languages and general software aspects for telecommunication systems
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