TeHAeHLU UM 3BOJTIIOLUMU TPAHCNOPTHbLIX ceTem

Mo maTepunanam 3apybexxHbiX U3gaHui

NMpepucnosune

P-OTN

Cnop o0 TOM, HY>XZATCH N oNepaTopbl B TPAHCMOPTHBIX CETAX
c/llefyloLLero rnoKoJIeHMs, NoCTEeNeHHO ocnabeBaeT, Nepexonsn B MJOCKOCTb "Kakas TpaHCMOpTHasA CeTb
Jly4lle BCero noAXo4uT OJ19 HOBOrO MakeTHOro mmpa?". Bonpoc Bce 60sbLUe 3BYy4YUT He "novyemy Heobxoamm
HOBbIN TPaAHCNOPT?", @ HECKOJIbKO UHa4ve - "KakKolh MMeHHO TpaHCnopT Heobxoanm?".

LLInpoko n3BecTHbIN NnpoTokon MPLS, pa3paboTaHHbIn paHee |IETF, B HacToslLiee BpeMsl akTUBHO
apanTupyeTca noa TpeboBaHusa, npeabasnsaembie ITU-T K TpaAULMNOHHBIM TPAHCNOPTHLIM ceTaM. B
pe3synbTaTe 3TOro COTpyaHMYeCcTBa NoABAAETCA HOBbIA MPOTOKO MPLS-TP (TpaHcnopTHbIn MNpoduns MPLS),
KOTOpPbIN MOXXET YA0BJIETBOPUTL NOTPEOHOCTM ONepaTopoB B yAELLEBJIEHUM NMAKETHOM CETU 1 crocobeH
3a4aTb HanpasJieHne Byayuwiero pasBuTuns ceTen.

MHorve skcnepTbl YTBEP>XAAIOT, 4TO B TPAAMLMOHHON CeTEBOW NapagurMe 4aBHO Ha3pena noTpebHoCcTb B
KakoM-To casure (PucyHok 1). CuutaeTcs, 4TO B pacyeTe Ha egnHuLy nepefasaemon nHpopmaumm CapEx
(KanuTanbHbIE 3aTpaThbl) 418 TPAAULNOHHbBIX CETEN C CUHXPOHHBLIM PEXMMOM nNepenayn (Takme Kak PDH,
SDH, NG-SDH) Bo MHoro pa3 6onblie anbTepHaTUBHbIX BapuaHTOB. [1pn 3TOM MHorme nonaratoT, 4To OpEx
(onepaunoHHbIe 3aTpaTbl) CETEN Ha OCHOBE IP-MaplpyTU3aLmm 3HaYMTESIbHO Bbille CeTen NnpeabliayLliero
rnokoneHus. Tak ke bbITyeT MHeHMe, 4TO HanbobLlee KONMYECTBO TPaguKa C BbICOKOW NPUBLIJIBHOCTLIO 40
CUX Nop HaxoamnTcs BHe obnacTu IP n BpAA nnM TyT 4TO-TO M3MeHMTCA B 0603pmmMom By ayuiem. NHbiMK
C/I0BaMU, B TPAHCMOPTHLIX CETAX MaKeTHOro Tpaguka CTaHOBUTCS BCe 6oJblle, a ero 4OX04HOCTb
MPOAO/HKaeT HEYKJIOHHO COKpaLlaTbCs.

Bce 3To NpuBOAUT K BO3HUKHOBEHUIO OTAENbHbIX TpeboBaHU AN NHTENNEKTYaIbHOM TPAaHCMOPTHON CETH
Layer 0/1/2 He3aBUCMMO OT PYHKLMOHANIbHOCTU MapwpyTm3aumnm Ha Layer 3. Ecnm B L3 HeT
Heob6xoaAMMOCTHN, TO onepaTopbl 60sbLUe He FOTOBbLI MAATUTbL 3@ 3TY PYHKLMOHaNbHOCTb. C
MPOAO/HKAWMMCS YCTONYUBLIM POCTOM LLUMPOKOMOJIOCHOI0 Tpadumka npmumepHo no 50% B rofg (a poct
MOBUIBHOr0 NakKeTHOro TpadurKa eLle Bbile), pacxofbl Ha NaKeTHbIe CETW AO0JKHbl COKPATUTbLCH Ha
MopsAoK, €C/IN SKOHOMUKA UMEET KaKOMN-TO CMbIC/T 415 ONepaTopoB.
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PucyHoK 1: TeHOEHUMSA - CHUXKEHNE CTOMMOCTU C POCTOM CKOPOCTU rnepenayn

MpoTokon MPLS wunpoko ncnonb3syercs ans noctpoeHus Core u WAN ceTen no BceMmy Mupy, 04HaKoO OH [0
CUX NMop nMeeT onpeneneHHble npobsembl ¢ MacwTabrupoBaHneEM N MeXOOMeHHbIM (inter-domain)
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B3aumogencrtemem. CkBosHoe (end-to-end) ynpasrieHne Npom3BoaNTESNIbHOCTLIO N Ka4eCTBOM
obcny>xmBaHusa (QoS) Tak>xe ocTaroTca NpobaeMHbiMK, 0COBeHHO B cpefax pa3HbiX NPoOn3BoAMTEsNEN. XOTA
MPLS 3Ha4nTeNbHO U3MEHWJICS B TEYEHME MOCNIeAHEr0 AeCATUNETMSA, HO EMY BCe elle Heobxoanma
OanbHenwas 3BooUnNs ONa peweHns 3Tux npobnem.

Ha cueHy BbIXOAUT HOBbIN CTaHAapT MPLS-TP, KOTopbI ABNAETCA pe3yibTaTOM COBMECTHOM pa3paboTku
ITU-T n IETF. Y>XXe cenyac HEKOTOpbIe onepaTopbl paCCMaTPMBAIOT 3Ty TEXHOJIOMMIO HE MPOCTO Kak
koMmMyTauuto Ethernet, a kak 30Hy HanbonbLiero 6n1aronpuUATCTBOBaHUA B BONMPOCaxX B3auMoaencTBus
OMOPHbLIX MapWwpyTmn3aTopos, rae nHterpaumnsa MPLS-TP B apxuTtekTypy P-OTN BbIrNaguT JIOMNYHbIM
peweHnem.

Npoa HaBcTpedy No)KenaHMaM NoJib30BaTesIeN B HU3KON CTOMMOCTU 1M BbICOKOM HaAEeXHOCTUN YCAayT,
ornepaTopbl CTAJIKMBAOTCA C HEOBXOANUMOCTbLIO CHUXXEHUSI CBOMX IKCMJIyaTaLMOHHbIX PacXxonoB Npu
COXpPaHeHnn BbICOKOIro ypoBHSA obcnyxuaHusa. TexHonornsa MPLS-TP obewaeT npefoCcTaBuTb UM Takyto
BO3MOXXHOCTb.

MpousBoanTenn o6opynoBaHns Bce 6osblile (hOKYCMPYOTCA Ha NPeaoCcTaBIeHUN TaKNX HOBbIX PeLLUEHUN,
KOTOpble NMO3BOJIST NepelaBaTb AaHHble B NpoTokosie Ethernet no TeNeKoOMMyHUKaLMOHHBIM CETSIM C
YPOBHEM KayecTBa OnepaTopCKOro Kjacca.

MeToabl nepenayn Ethernet yepes SDH/SONET u nosepx MPLS (Bkntodasa VPLS n PWE3) noka3anu cBoto
MOMynsapHOCTb N OCTATCHA TAaKOBbIMU Ha CEroAHAWHUNA AeHb. OAHAaKO MHOMMe Npou3BoauTeNn NblTaTCA
BbICTYNaTb B aBaHrapne otpacnu, passmeas 6onee rubkme n coppemMmeHHble pelieHns, Ha4dmHasa oT NG-SDH n
OTN, n 3akaH4mnBas T-MPLS, PBT/PBB-TE u MPLS-TP.

BBepneHue

Hun>xe 6yneT onuncaHa apontoumsa TexHonornm P-OTN (Packet Optical Transport Network). NMoHATMe NnakeTHOWN
TpaHcnopTHoW ceTn (Packet Transport Network) ocHoBbIBaeTCs Ha yTBepXAeHHOM ITU-T nogMHOXXecTBe
ctaHgapToB OTN (Optical Transport Network), Taknx Kak pekomeHgaumm G.709. Cetb P-OTN mMoxeT 6biTb
MOCTPOEHa C NCMONIb30BaHUEM MHOXXECTBa pPa3HbIX CETEBLIX 3/IeMeHTOB: onTuyeckux, Ethernet n/unu MPLS,
a MOXXeT ObITb 1 MOJIHOCTbLIO KOHBEPreHTHOM cMcTeMON. B nocnegHem cnyvae nHorga Ncnosb3yT TEPMUH
P-OTP (Packet Optical Transport Platform).

PocT nakeTHoro Tpaduka TpebyeT ganbHeENLWeEro ypeam4yeHnss eMKoCTu n appekTruBHoCTU ceTen Carrier-
Ethernet. 1ns aToro Heobxoguma 6onee NNOTHAA MHTErpaumsa NakeTHOro TpaHCNopTa C ONTUYECKOWN CETbLIO,
COBMECTHO C nx bonee nHTenNeKTyaabHbIM U AUHAMNYECKUM YNpPaBAeHUEM. 3TO N ABJISETCA OCHOBHbIM
HanpaBaeHneM pa3paboTkm P-OTN 1 coOOTBETCTBYOLWMX 3TOMY MaaTdopM.

Cnepytowas da3sa asosoumnnm P-OTN, 310 paspaboTka TexHonornm MPLS-TP, koTopas O0JI>)KHa COKpaTUTb
yAesIbHY0 CTOMMOCTb MOJIOChl MPOMNYCKaHNA U YNPOCTUTb C/I0XKHbIE MaKeTHble CceTu, OAHOBPEMEHHO
YyJAYHLWMUB NX MacwTabmnpyemocTb N rmbKoCTb NPy COXPaHEHNN COBMECTUMOCTU C YCTAaHOBNEHHLIMU paHee
MapuwpyTunsaTtopamm IP/MPLS. PaHee onepaTopbl ewe HMKOrAa He nmenun 6onee wnpokoro Beibopa B
BO3MOXXHOCTSAX MHTErpaumnm TEXHOJIOTMIN, @ MOCKOJIbKY Takmne onTuMasbHble peLleHns CTaHOBATCA BCe
6osiee 04eBNAHLIMU, 3TOT AVMHAMUYHbLIA PbIHOK OTKPbLIT A5 AasibHENLWero pa3smuTus.

Tem BpeMeHeM Npou3BOOUTENN O0JIKHbI CTPOUTb CcBOM BM3HEC Ha MHHOBALWUSAX, 3TO MO3BOJINT UM
npoaBnraTb CBOU pelleHna He OOXKNOaACh NMOKa 04epTATCA noaxoabl K HensbeXxHbIM 6y,D,yLLI,I/IM
n3MeHeHuAM. Takme NponsBoanTesIn MOryT MNoJIy4YUTh NMpenMyLlecTBa N 0CTaTbCd Ha MJiaBy, B TOM BpeMs
KaK Ha pbIHKe HabnopaeTca CyMaTOXa B CBA3M C Nnepexonom Ha HOBble, MOJIHOCTbIO NMaKeTHbIE CETH.

OnepaTopbl HauesieHbl HA NAaKeTHYI0O TPAHCNOPTHYIO ceTb HA ocHoBe OTN

B cBA3M C fanbHenwen KoHconnpaumen oTpacan n ConyTCTBYIOWMMM PUCKaMKU, onepaTopbl COCPeaoTOYeHbl
Ha Le/iIoM Anana3oHe HOBbIX UCTOYHMKOB MoaydeHnsa goxona: busHec ycnyrum, Takme kak Ethernet, IP VPN,
VolIP, IP-enaeokoHdepeHuUmn; ycayru YacTHOMYy notpebutento, Takme Kak Triple Play, IPTV; n ycnyru
onepaTopaM, Takme Kak apeHaa pecypcoB 1 MobunbHbI npobpoc (mobile backhaul).

MpoaonKaeTcsa HEYKIOHHbIN POCT NCMOJIb30BaHMA NOJIOChI MPONycKaHna (PUCYHOK 2) n MHOrme onepaTopsl
Yy>K€ OCO3HAloT, YTO OOHUM U3 Y3KMX MECT B UX CETAX CTaHYT CETU arperaumm n ropoackme cetn. KoHeyHas
Lesib onepaTopoB - TpaHCHOpMaL M B MakKeTHbIe CeTU, CNOCOBHbIe 3(hheKTUBHO NOALAEPKMBATb PAL HOBbIX
n ByoyLmnX NPUIOXKEHWIA, KOTOpPbIE Y>Ke cendac B pa3paboTke. [1py 3TOM MHOrMMUK onepaTopamMu
npuU3HaeTCa eAUHCTBEHHO BEPHOE peLleHne - He MPOCTO BOpOCUTbL HOBYIO eMKOCTb Ha 6bopbby ¢ npobnemon,
a ONTUMU3NPOBATb CBOM MaKeTHbIN TPAHCMOPT CAeAyoLero NoKoJIeHNS nog HoBble TpeboBaHMA C y4eTOM
3PPEKTUBHOCTN N SKOHOMUYHOCTMN.
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PucyHok 2: MupoBoli pocT noTpebHocTen B nosnoce (TeleGeography Research)
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OOHO U3 KNAaCCUYECKMX NMPUOXKEHWIA B TPAHCNOPTHLIX CETSAX 3To obecrneyeHne n ynpaBaeHne noaocom
NponyckKaHusa, rae 3anjaHnpoBaHHbIe U3MEHEHUS 019 Ka)KA0ro coeanHeHmns obbl4HO Npon3BoaaTCs
[lOCTAaTOYHO PENKO - 3TO MOXKeT ObITb Heflens, Mecsal, Uan faxe pas B rog. O4HaKo TPAHCMOPTHbIE CETU
JOJKHbI BbICTPO pearnpoBaTh Ha aBapUnHbIe CUTYyaLUK, BbipabaTbiBas COOTBETCTBYIOLLNE CUTHAbI,
aBTOMaTUYeCKM NepekoYvasch Ha pe3epBHble pecypcChbl U BOCCTaHaB/IMBasA CBO paboTocnocobHOCTL B
TeYeHMe HECKOIbKUX OECATKOB MUJIINCEKYH/,.

dyHOaMeHTaNbHbIA NPUHLMMA BCEX TPAHCMOPTHLIX CETEN - NoJIHAsA NPO3PAYHOCTb AJ1S1 KIMEHTCKMX
CEPBUCOB. DTO 03HayYaeT BykBasibHO: BCe BUTbI MHTEPMPETUPYIOTCSH OANHAKOBO, UX UCXOOHOE
yrnopsiio4MBaHMe COXPaAHSAETCA, AaHHble He U3MEHSIIOTCS, CETb He MbiITAaeTCs BHUKATb B COAEPXKMMOE, CeTb
N30/UPYET TPaduK KJIMEHTA OT BO3AENCTBUS Tpaduka OKPY>KatoLWmX KINEHTOB. iIcxoas U3 3Toro MoryT
6bITb CMNPOEKTUPOBAHbLI B3aUMOLENCTBUS KJIMEHT-CEPBUC, KOTOPbIE O0/IXKHbI ONepupoBaTh HE3aBUCUMO OpPYr
OT Apyra, HaxoAsCb Kak Obl B pa3HbIX CIIOSX.

MoHaTMe "TpaHCNopT" NCTOPUNYECKMN CBA3AHO C ceTamun ypoBHSA Layer 1 (Hanpumep, SDH n WDM
TEXHONOrnm), OAHaKO CABUI B CTOPOHY YCNYr MakeTHOM nepefayun o3Ha4vaeT, 4To Layer 2 Tenepb TakxXe
MMeEeT Ba)KHYI0 posib. [Ja)ke fONrocpoYHas NnakeTHas eMKoCTb, obecnedynBaemasn L3 maplupyTusatopamu,
MOXXEeT pacCMaTpuUBaTbCA KaK YaCcTb TPAHCMNOPTHOW CeTW.

C ceTeBOM TOYKM 3pEHUA, Pa3INYHbIe TEXHOJIOM M NepensieTalnTCs N KOMOBMHMPYIOTCSA B Pa3HbIX YPOBHSAX
KaK Nnoka3aHo Ha PucyHke 3. Ha pncyHke BUAHO Kak 35ieMeHTbl Ethernet 6611y nHTErpnpoBaHsbl B
SDH/SONET pgnsa bopMmnpoBaHns pyHKLMOHANLHOCTN Cefylowero nokoaeHnsa. AHaa0rnyHo, 31eMeHTbI
OAM, mannuHr n dpenmuHr ceten SDH/SONET 6b1nm nepeHeceHbl B WDM pgns cosgaHma cios
dyHKuUnoHanbHocTn OTN. Y>xe BegyTcs paboTbl Mo nHTerpaunm Ethernet n MPLS snemeHToB B OTN ans
dopMmpoBaHua ByayLLero KOHBEPreHTHOro cetTeBoro yposHs P-OTN.

IP/MPLS
N IP/MPLS
VPLS
v MPLS-TP
WDM
5 : R "4 P-OTN
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s NG-SDH/SONET
PBB-TE
Ethernet PBB
ESv= Ethernet

e

PVIcyHOK 3: IBONIIOLNSA CETEBbIX TEXHONIOMNIA U TEHAEHUWN MO NX KOHBepreHunn
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O4yeBUAHO, YTO A1 NPaKTMYeCcKon pa3paboTky ceTeBon NaaThopMbl CyLLecTByeT 60/ibLLOE KOJINYECTBO
BapUaHTOB MO DYHKLIMOHAILHOW N TEXHOIOMMYECKOW MHTEerpaLmnm, o4HaKo raBHblA apryMeHT ans
ornepaTopoB B TAKO KOHBEPreHUMN - 3TO CHUXKeHne obLell CTOMMOCTY BNafeHUs. 9TO CTOJb e
04EBUIHO, Kak U TO, YTO A0 CUX MOpP He CyLLecTByeT eAVHON MOAeNIN KOHBEPreHLIUM N BO3MOXKHO, ee He
6yneT HuKoraa.

TeM He MeHee, HKEe NepeyuncieHbl KJloYeBble BO3MOXXHOCTU Pa3iyHbIX TEXHOJIOMNYEeCKUX Cl0eB, KoTopble
MOrn 6bl 6bITb MHTErPMPOBaAHbLI B OAHOM peLLUeHUN:

e |P/MPLS u VPLS - onsa Takux NpUao>XeHUN, Kak ycayru no nepenaydn AaHHbIX N LUNPOKOMOJIOCHbIN
nocTyn;

e Ethernet, opueHTupoBaHHbIN Ha coeauHeHus (PWE3, PBT, PBB-TE, T-MPLS 1 MPLS-TP) kak
3(hhEeKTUBHDLIN TPAHCMOPT 419 KOMMYTaLUX U arperaunm nakeTos C NPSAMOnN Noanep>XKomn
MoJib30BaTEe/IbCKNX NHTEP(ENCOB;

e BcTpoeHHbIn SDH/SONET s COBMeCTUMOCTU C CYLECTBYOWMMM TPAHCNOPTHLIMU NOTOKaMu,
MYJIbTUMJIEKCUPOBAHMEM N KOMMYTaLMEN C HU3KOW TaTEHTHOCTbIO gnsa TDM ycnyr;

¢ PekoHpUrypupyemoinn n npospadHoii WDM TpaHcnopT Ha ocHoBe TexHonorum OTN u ROADM,
obecneynBaloLLNN KOJbLiEBbIE, MOJIHOCBA3HbIE U A4ENCTble TONONOr N, ANHAMUYECKN
pacnpenensieMyio eMKOCTb;

e OAM onepaToOpCKOro Knacca, ynpaBsieHne n KOHTPOJib C BO3MOXKHOCTAMU ASTN/ASON/GMPLS.

YT1o Takoe "Packet Transport Switching"?

Mnatdopmbl NG-SDH/SONET cny>xuau onepatopamM Bepon 1 NpaBAon B HaYasie nepexoHoro nepmoaa Ha
MakeTHble TEXHOJIOMMK B MepBOM gecatunetun 21 seka. OgHako, No Mepe pocTa 06bLeMoB NepeaBaemMoro
Tpachnka N NU3MEeHEeHNs ero CBOMCTB, HEAOCTATKN U OrPaHMYEeHNA 3TOM TEXHOJIOMMK CTAaHOBATCSA BCe Bonee
04eBUAHLIMU.

Tak HanpuMmep, PYHKUMOHaNbLHOCTb Ethernet 06bI4HO OrpaHMYeHa KOMMYECTBOM KapT B Lesibde yCTPOoNCTBa
M KOJIM4EeCTBOM MOPTOB Ha KapTy. Taknm obpa3oM, eMKOCTb KOMMyTauun Ethernet ynupaeTtcs B
npon3ssoanTenbHocTb ASIC-ynnceTa EOSDH/SONET n cocTaBnseT Mmakcumym 20-40 Mout/c. bonee cnoxxHas
apxuTeKTypa pacnpenesnieHHoOn L2 KoMMyTauun Bbi3blBaeT 3aTPyAHEHUS B peann3auunn.

Kpome Toro, Ana BCEé Bo3pacTaloLlero Tpaduka NnakeTHbIX AaHHbIX HEOBX0AMMO onepexxatoLlee yBenmyeHmne
KOMMYTaLIMOHHOW eMKOCTK, BocTpeboBaHa 1 MoBbILLeHHasa NA0THOCTb Ethernet nopToB. B fononHeHune K
3TOMY, HOBbl€ MaKeTHbIE CEPBUCHI C OPUEHTALMEN Ha COEANHEHMWS, MPOABUraeMble HOBbIMU CTaHOapTamMm
PBB-TE n MPLS-TP, 6yneT HeobxoanMmo peasnn3oBbiBaTb B HOBOM o06opynoBaHUM 1 pelleHusx, obecneymsas
Mpwv 3TOM HaCNeACTBEHHOCTb M B3aMMOLENCTBME C APYTMMM MakeTHbIMK naaTgopMamm.

CeroiHa Ha pblHKe AOCTYMHO HECKOJIbKO NnaTdopm P-OTP ¢ eANHON apXNUTEKTYPON, HO OBbIYHO OHWM
onMpatoTCcsa Ha TpaauuNOoHHble peweHns MSPP n MSTP (Hacnegne NG-SDH/SONET) c po6baBneHunem
dyHKumoHana OTN, ROADM u pexxe ¢ noafep>XKon Moaysier opueHTUPOBaAHHOIO Ha coegnHeHus Ethernet.
B To)xe BpeMsi Ha pbiHKE MOSABJIAOTCSA HOBbIE MJAaTPOPMbI C a/lbTEPHATUBHON apXUTeKTypon, basupytowencs
Ha yHMBepcasibHON KOMMYTaLMOHHOM habprke, OCHOBaHHOM Ha ecTecTBeHHON 06paboTKe NakeTHOro
Tpaduvka n nepepgayen TDM B cmHXxpoHHOM Ethernet.

OT npounssoauTenen notpeboBancs HeETPaAULMOHHbLIA NOAXOL K HOBbIM peLleHNAM, B pe3y/ibTaTe
VHHOBALMOHHbIX pa3paboToK apxnTeKTypa HOBOW CUCTEMbI BbIFNAAUT Tak, Kak MoKa3aHo Ha PucyHke 4.
Takon Nogxon cocpenoTodYeH Ha HOBLIX CepBMCax MakeTHon KoHHeKTUBHOCTU (Ethernet, FibreChannel) n
TpaAuunoHHbIX yciyrax (SDH/SONET, PDH) noBepx HECKOJIbKMX TPAHCMOPTHbIX C/10eB. OCHOBHbIE
TpeboBaHUA K CETU, TaKNe KaK BbICOKAs AOCTYMHOCTb, MaclWlTabnpyeMocTb 1 AeTePMUHN3M, 30eCb
co4yeTalTCH C KNoYeBbIMU TpeboBaHMAMN K NIaTHOpPMeE, TakKuMun

KaK 0OJIrOBEYHOCTb U r’MBKOCTb.
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PUcyHOK 4: MHOronpoToKoJibHbIN TpaHcnopT P-OTN 1 apxuTekTypa KOMMyTauumn
Kpatkum 3kckypc B MPLS-TP

N3HavanbHO cTaHgapT MPLS 6bin pa3paboTtaH IETF rnaBHbiM 06pa3om ansa peweHus npobnem
NpPoOn3BOAUTENBHOCTU IP MapLlwpyTu3aunn, Ho No npowecTeun 10 NeT oH Noayyma LWnpokoe
pacnpocTpaHeHue y ornepaTopos AJ1A NOoCTPoeHus ceTeBblx aaep IP/MPLS 1 kak oCHOBHas nnaTtdopma ans
obecnevyeHns cepBnCOB nepepaydn AaHHbIX, Taknx Kak IP-VPN n auctaHuuoHHble Ethernet ycnyru.

B cBS3M C BO3pacTaloWMM 3HAYEHNEM MNAKETHbIX CeTeN, B KAaKON-TO MOMeHT ITU-T 3auHTepecoBancs
ajanTtaumen MPLS K mMpuMeHeHMIo B CETAX C YPOBHEM KadeCcTBa OMepaToOpCKOro kiacca,
hYHKLUNOHNPYIOLLNX B COOTBETCTBUN C YCTAHOBMEHHbIMU ITU-T apXUTEKTYpHbIMU NpuHumnamun. C4mTanocs,
41O MPLS He xBaTaeT rnaBHbIX TPAHCMOPTHbLIX aTpUbyTOB, TakKNX Kak ecTkun SLA, neTepMnHNpOBaHHOe
rnoeefeHne cetun u ckeosHom OAM,

Ha4ynHas ¢ 2008 roga Hag ctaHgapTom MPLS-TP TpyanTtcsa obbeamnHeHHas pabodas rpynna, cocTosuias us
npeactasutenen ITU-T n IETF. B pe3ynbTaTe 3TON paboThl MPLS cTaHeT yaoBneTBOpATL TpeboBaHUAM,
npeabsasasembiM ITU-T K ypOBHIO TPaHCMOPTHOM ceTu. PaspaboTka MPLS-TP BbiTekaeT 13 6osiee paHHero
npoTtokosa T-MPLS, paboTa Hag KoTopbIiM 6bisia HavaTa ITU-T B 2005 roay, Ho Tenepb npekpatlieHa. CoBcem
CKopo npoTokosa MPLS-TP 6yaeT noNHOCTbLIO onucaH Heckonbkumin IETF RFC, a B TevyeHue 2011 roga
oXunpaeTcsa ero nosieneHune B suae PekomeHgauunin ITU-T.

MPLS-TP 0CHOBaH Ha TOM >Ke apXUTEKTYPHOM MPMHLMMNE CETEBLIX YPOBHEN, 4YTO UCMOJIb3YETCS CErogHS B
KpynHomacwTabHbix ceTax OTN n SDH/SONET. OnepaTopbl CBA3M y>Xe NMEOT pa3paboTaHHbIe NpoLecchl
ynpaBJIeEHNSA N BbICOKOYPOBHEBbLIE paboyne npouenypbl, OCHOBaHHbIE Ha 3TUX NMpuHUunax. MPLS-TP obelaeT
CTaTb TEM peLleHneM, KoTopoe obecneynT TpaHCHOPMALIUIO 3HAKOMbIX M HaAEXHbIX MaKETHbIX TEXHOIOr N
(Takux Kak IP/MPLS) B chopMy, NpUHATYIO B OpraHM3aLlMOHHbIX MpoLueccax TPaguLNOHHbLIX TPAHCMNOPTHbLIX
ceTel C KOMMyTaLuMen KaHanoB, [o6aBMB K 3TOMY BO3MOXXHOCTb 06cnyxmnsaHus Ethernet n gpyrumx
KJINEHTHO-OPUEHTUPOBAHHbLIX CEPBUCOB.

MPLS-TP 3TO opveHTMPOBaHHas Ha coeAMHEHUS NakeTHasa ceTb Ha ocHoBe MPLS, koTopas obecneynBaeT
yrnpaBJ/igeMble CKBO3HblE COeANHEHNSA K CETAM KJIMEHTCKOI0 YPOBHSA (TakmM Kak Ethernet). 3To cneymansHo
BblAeNneHHas peanunsauma MPLS, roe yoaneHbl Bce AnWHUE QYHKLNW, HE UMEIOLLNE OTHOLLEHUS K
KOMMYTaLWUN MakKeTHbIX coeanHeHnn, n gobasneHbl Ko4eBble PyHKLNOHAJIbHbIE BO3MOXXHOCTU, Takne Kak
QoS, ckBo3Honm OAM v 3ape3epBMpOBaHHasaA KOMMyTaums, obecrne4ymB TeM camMbiM MOJIHYIO
0eTepMUHNPOBAHHOCTbL CETU.

Takum obpa3om, MPLS-TP 3To HoBas pa3HoBuAHoCTb MPLS, cneunanbHoO npefHa3HavYeHHas ans
MPUMEHEHNA B TPAHCNOPTHbIX ceTaX. OHa onupaeTCcs Ha XOPOLUO U3BECTHbIE N LUMPOKO NUCMOb3YoLLecs
TexHonorum n ctaHgapTbl ceten IP/MPLS, Ho 6e3 Bcen ero n3bbITOYHOCTN, HE UMEIOLLEN OTHOLWEHMNS K
MPUIOXKEHNAM Ha OCHOBe coefuHeHunn, n 6e3 NpobenoB B TPAHCNOPTHOM PYyHKUMNOHaNbHOCTU. MPLS-TP
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MOXXEeT paccMaTpuBaTbCA KakK OCHOBa ceTel Ethernet n TpaHcnopTHbIX ceTen OTN.

B oTanyme ot knaccnveckoro MPLS, MPLS-TP He nopaep>XmnBaeT pexxum 6e3 ycTaHOBJIEHUS COEAUHEHNS, Y
Hero 6oJsiee NpPoOCTble BO3MOXKHOCTU, OH MeHee CnoXXeH 1 bonee ynpasnseMm. OH OTKpbIBaeT NyThb K
TPaHCMOPTHOM TEXHOIOT MU C HU3KOW CTOMMOCTbLIO KOMMYyTaLnM Ha BTOPOM YPOBHE, rae ycTpaHeHa BCA
M36bITOYHOCTb MapLUPYTU3aLUM TPETLENO YPOBHS. DTO AOJHKHO NMPUBECTU K NMOSIBJIEHNIO Ha PbIHKE
obopyLoOBaHNSA 1 PELLUEHW, yOOBAETBOPAIOLLMX NOXKENAHNAM ONEpPaTOPOB K apXUTEKTYype U CTOMMOCTH
ceTen CrneayoLLero NnoKoaeHus.

OcCHOBHble XxapakTtepuctuku MPLS-TP

MonobHOo CyLWwecTBYOWMM TPaHCMOPTHbLIM ceTsaM, MPLS-TP onpenensieT ceTb Kak COBOKYMHOCTb
B3aMMOOENCTBYIOLLMX CJIOEB, UMEIOLLIMX CTPOroe pa3fesieHne Ha CJI0N KJIMEHTa 1 CJIon cepBepa (cepsBuca). B
cooTBeTCTBUM C TpeboBaHuem IETF, ntoboi BHOBb onpenensieMblii KOMNOHEHT NPOTOKOJ1a U HOBbI
hbyHKUMOHaN 6yayT npuMmeHsaTbcsa B MPLS ¢ y4eToMm u coBMecTHO ¢ MPLS-TP. [M03TOMYy BCe HOBbIE
KOMMOHEHTbI U BO3MOXXHOCTMK ByAyT NOABNATLCA KakK YaCTb MHCTPYMeHTapusa MPLS, B cocTaB KOTOPOro
BXOOUT paclunpeHHoe nogMmHoxectso MPLS-TP.

XoTs geTanusoBaHHoe onpeneneHme MPLS-TP Bce ewle HaxoanTcsa B npopaboTke, ero oCHOBHbIE
XapakKTepucTukn crnepyoLime:

YposneTBopeHue pyHKLNOHaNbHbIM TpeboBaHNAM ONepaTopoB K TPAHCMOPTHbLIM MPUSIOXKEHNAM;
Mepencnonb3oBaHue CyLeCTBYIOWNX CTAaHAAPTOB Be34e rae 3To BO3SMOXKHO, MUHUMU3ALMSA
pa3paboTKn HOBbIX CTaHAAPTOB;

HenpoTuBopedne apxmtektype MPLS n ee chopBapaAvHr-napagurme;

MnockoCTb Nepenayn faHHbIX ngeHTu4Ha MPLS;

Mepencnonb3oBaHUe MOHATUS NCEBAONPOBOAA U KOHCTPYKUUK LSP MPLS;

B3anmopencTeume c cywecTsyowmmm cetamum MPLS n PW;

IP-chopBapauHr He TpebyeTca ana obecnedyeHns OAM nam NakeToB OaHHbLIX;

MNoCKOCTb KOHTpPONS He TpebyeTcs: obcnyXmnBaHmne (aBTOMaTUYECKOE N PYYHOE) MOXKEeT

OCYLLECTBAATLCA Yepes3 yrnpaBJieHNe CeTblo;

e HeT 3aBMCMMOCTM OT MapwpyTusaumm nam curHannsaunm (Hanpumep, GMPLS nan IGP, RSVP, BGP,
LDP);

¢ B kadecTBe byayLuen NJ0OCKOCTU AMHAMUYECKOr0O KOHTPOJA npeanonaraeTca BapuaHT UCMOJIb30BaHUA
ASTN/GMPLS;

e Ecnn pna KoHpurypuposaHusa LSP/PWE-Lenen ncnonb3yeTcs MNJOCKOCTb KOHTPOJISA, TO ero nponagaHus
M BOCCTAHOB/IEHUSA HE O0JKHbI BIUATE Ha nepefady JaHHbIX;

OAM ponxxeH 6bITb cnocobeH nepeksoyYaTb NYTM BOCCTAaHOBNEHNSA Tpadunka;

be3 B3anMoAencTBmUSA C NJOCKOCTbIO KOHTPONSA U YrpaBieHUs;

[ByHanpaBneHHble N KOHIPY3HTHbIe LSP To4Yka-To4YKa LO/HKHbI COOTBETCTBOBATbL AByHarnpaBieHHbIM
coegnHeHUsaM N CrefoBaTh Yepes Te XKe y3/ibl U COeAUHEHUS;

Multicast obecne4ynBaeTCs B peXXnMe TOYKa-MHOroTOYKa, @ HE B PeXXMMe MHOIM0TOYKa-MHOIr0TOYKa;

e Tpadhuk n OAM [o/KHbI MPOXOAUTL MO CETU OAHUM NyTeM, obecrnevynBaeMbiM MeTKaMu TAL 1
kaHanaMmu GE-CH cetn MPLS-TP, 310 no3BosnT obpaboTtate OAM Ha NMPOMEXXYTOYHbIX y3/1ax B C/iyvyae
HeobxoaAnMocCTu;

¢ He ponyckaTb 06begnHeHus LSP, 4To no3BonmnT n3bexxaTb NOTEPb NEPBUYHON MHGPOPMaLILN,
HeobxoauMon ana KoppekTHon paboTsl OAM n PM;

e Vcknwountb PHP, 4To6bl n36exxatb notepb MPLS meToK, Heobxoaumbix ansa uenen OAM (n nsbexatb IP-
lookup Ha nocnegHem y3ne);

e UNckntountb ECMP, 4T06bI n36e)XaTb [oNoHUTENbHON 06paboTku IP 3aronoBKoB 1 BbITb YBEPEHHLIM,
410 OAM MMeeT TOT XKe NyTb, 4TO U OCHOBHOM TpaduK.

AKueHT Ha OAM

KnioyeBble ycoBeplueHcTBoBaHUA MPLS (3a c4eT MPLS-TP), Takne Kak yCTaHOBJIeHWe ABYHarpaB/ieHHbIX
coelMHEeHNI TOYKa-TO4YKa N CKBO3Hble CPeACTBa pe3epBMPOBaHNS, 4AlOT ONTUMasibHbI KOHTPOJIb Hag
pecypcamMmm TPaHCMOPTHON CETU N NPMBOASAT K COKPALLEHMIO OMNepaLMoHHbIX pacxonoB. Hanbonee BaXKHbIM
aCMeKTOM NaKeTHOro TpaHCcnopTa ABAseTCa nogaep>xka pacwmpeHHoro OAM, koTopbint onpegensetcs ITU-
T kak Y.1731 v IEEE kak 802.1ag B COOTBETCTBUU C CYLLECTBYOLWMMN MOTPEOHOCTAMN TPAHCMNOPTHbLIX CeTeln
- PucyHok 5. Takue chyHKuUMM Kak AlS, RDI, npoBepka coeanHeHUs, AnarHOCTUKa NPUYUH NOTepu CBA3N U
rnpoyne, NO3BONSAIOT onepaTopaM yrnpasaATb Pa3IMYHLIMU YPOBHAMU U AOMEHAMU CETU B e AIVUHOWN cucTemMe
MOHWTOPWUHra.
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PucyHok 5: OT OAM TpebyeTcst MOHUTOPUHT ThICAY COEAUHEHUIN B peasibHOM BpeMeHMU

Kak aBcTByeT 13 PucyHka 4, MPLS-TP ewle npenctouT onpenesnnTb BCce BO3MOXKHOCTM OAM. BnonHe
BO3MOXXHO, 4TO (PYHKLUMOHANbHOCTb Y.1711 (MPLS OAM) n Y.1731

(Ethernet OAM) 6yayT o6beanHeHbl B 0OHY apXUTEKTYypy. PasymMeeTcs, onepaTopbl 0OXKMAAOT COOTBETCTBUSA
BO3MOXXHOCTeN OAM MHOrOypOBHEBbLIM CETSAM N B3aUMOLENCTBUSA B Pa3/INYHbIX YPOBHAX U TexXHoormsax (L2,
PWE, LSP). Ons MHOrMx o4eBUAHO, 4TO AJsa agantaunm B MPLS-TP Heobxoammo ncnosib3oBaTb HE Tak OaBHO
CTaHdapTun3npoBaHHbIM Ethernet OAM (ITU-T Y.1731).

Mepexopn K nakeTHbIM ceTaAM P-OTN kak panbHenwee passutue NGN

Bnaropaps rubkoctn MPLS, MPLS-TP 6yneT paclwumpaTb cepy CBOUX MHTEPECOB M BO3MOXKHO
pacnpocTpaHUTCa Ha ceTu gocTyna. OnpegeneHHble npobaiemMbl, Takne Kak sierkoe macwtabmposaHue,
npocTas ynpaBnaseMoCTb, BbICOKas YCTOMYMBOCTb, €Lle He MOSHOCTbIO pelleHbl, Ho 6a30Bas apxuTekTypa
MPLS poka3ajia CBOO pacluMpsaemMocTb 1 crnocobHa obecnevynTb OONTOBEYHOCTb 3TOM0 HanpaBJieHUS.

Kak noka3aHo Ha PucyHKe 6, NnakeTHble TPaHCNOPTHbIE CETU AOJ/IKHbLI MO3BOJINTL OMepaTopaM ynpasisaTh
3thdekToM aKoHOMUM Ha MacwTabe npu pa3sutum cetenn NGN aHasnorM4Ho ToMy, Kak 3To 6biJ10 B
TPaAULUOHHBLIX ceTaX. BBeaeHMe TeXHOIOMMn € yCTaHOBAEHUEM CoeAUHEHWNI, Takux Kak MPLS-TP nnu PBB-
TE, paclwumpsieT BO3MOXXHOCTWN MacliTabupoBaHMA MakeTHbIX ceTen n ynpowaeT ux. OrpoMHOe 3Ha4yeHune
ON5 cnepytowero sTana TpaHcdopmaumm K cetaMm NGN gacT nHTerpaunsa n npeobpasosaHne MPLS-TP B
GopMy NONHOMYHKUNOHANIbHOIO ypoBHA ceTn P-OTN.

-| End-to-end application management |-
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PucyHok 6: YHuBepcanbHas apxutektypa NGN, TpaHCNOpTHbLIE onunmn

B 3aBeplueHn oTMeTUM (hyHOaMeHTallbHble XapaKTePUCTUKN TPAHCNOPTHBIX CeTeln C YPOBHEM KavyecTBa
ornepaTopcKoro knacca. flobasneHne MPLS-TP K MHCTpyMeHTapu1io ornepaTopoB NpefocTaBaseT HOoBble
CpeAcTBa 419 pa3BUTUA U YOOBAETBOPEHMS BO3pacTaowmx TpeboBaHU COBPEMEHHbIX MPUIOXXEHNN,
OOHOBPEMEHHO peLlast SKOHOMNYECKMe BONPOChl. KitoveBble XxapaKTePUCTUKIN BKIOYAKOT:

¢ COOTHOLUEHME LleHa/Ka4vecTBOo: focTuraeTcsa bnarogaps HU3KOM yAe/bHOW CTOMMOCTU Ha eANHULY
MOJIOChlI MPOMYCKaHNA N NOKPbIBAEMON TEPPUTOPUN, Kak B cerMmeHTax Customer/Access n Edge/Metro,
Tak n B Core/Backbone obnactsx;
LLInpokne cepBrCHbIE FPaHuMLbl: CETb OXBaTbIBAET BCIO reorpadmio pacrnono)XXeHUs KJNEHTa;
MHOrohyHKLMOHaIbHOCTb: PacxoAbl ABASATCA 06W MMM A8 BCEro MHOXKECTBa BMAOB AeATEe/IbHOCTY
onepaTopa;

¢ [leTepMUHMN3M: NOJIHOCTLIO MPeAcKa3syeMoe MoBeLeHNE CETU B YCIIOBMSAX BbICOKOW Harpy3Kn 1 B LLensx
HaZeXXHOoro npefocTaBfieHns ycnyr;

¢ BbicoKas [OCTYMHOCTb: CETb C HN3KOWN MHTEHCMBHOCTLIO 0TKa30B, bbICTpbIM cpabaTbiBaHNEM 3aLUNTbI 1
OOMNOSIHUTESIbHBIMN CXeMaMUn BOCCTaHOBJIEHUS;

e Bbicokuin ypoBeHb QO0S: npefcka3syeMble 3afepXXKa U OXKUTTEP, HU3KNIN YPOBEHb OWNBOK, OTCYTCTBME
noTepu NakeTos;

e YnpasneHue TpacdumkoM: cBoboaa B Bbibope nyTen (He 0b6Aa3aTeNbHO CaMbll KOPOTKUI) 6€3 COCTaBHbIX
3aBUCUMOCTEMN;
Mpo3payvyHOCTb: BeCb TpaK KOHEYHOr O MoJib30BaTeNA OCTaeTCA HEU3MEHHbIM;
Yny4yweHHas 6e30nacHOCTb N OTAEJ/IeHNe CEPBUCOB: KOHUAEeHUNabHaa nogaepxka NtobbiX AaHHble
KJINEHTa;
SLA: rapaHTum onepaTtopa rno Nnpom3BoANTENbHOCTN N OCTYNHOCTU CEPBUCOB;
Bbicokas MacwTabupyemMoCcTb: MOCKOJIbKY MpeanofiaraeTcs NOCTOAHHbIA POCT CETU B Te@YEHNE MHOIUX
net;

e Arperaums ycnyr n uepapxmyHoCTb TpaduKka: 4nsa MakCuMmnlaumm apHeKTUBHOCTN NCMOb30BaHNSA
pa3BEpPHYTbIX CeTen u CpencTs;
YpaneHHoe ynpaBfieHne: yCTpaHeHNE JOPOroro u MeaJsIeHHOro py4YHoro BMeLaTeNbCTBa;
MpocToTa 06CNy>XNBaAHUA: SKCMAYATUPYIOWMUN WITAT MOXET BbITb /Ierko chopMmnpoBaH n oby4eH, 4To
CHM>XaeT o6LLyto CTOUMMOCTb B/IafeHuns;

o DyHKUMOHaNbHasA COBMECTUMOCTb: [OCTUXKEHNE 3DPEKTUBHOCTN B MHOMO-BEHAOPHbIX 1 MHOTO-
onepaToOpPCKUX YC0BUSIX.

BbilLeynoMsAHYTble XapaKTepPUCTUKN oNpenenstoT o0bLWmin TpeHa SKOHOMUN 3a cHeT MaclwTabos, KOTOpPLIN
3aTeM MoXeT bbITb YCUIEH BHEOPEHNEM HEOBX0AMMOW MNaTRPOPMbI AN peanmn3aunm onpeaesieHHbIX cy>b
WJIN HOBbIX CeTeBbIX PYHKLMN. MNOCKOBKY OnepaTopbl NepeBOAAT CBOU CETU Ha MaKETHbIN TPpaHCNOPT AN
obecneyvyeHns «nakeTHOro ByayLlLero» Ka)keTcsa crnpaBefiMBbIM NPeanosioXXeHNe, 4To MHorne byayT nckaTb
Te )Ke caMble 3Ha4YeHUs, aTpMBbyThbl N XapaKTEPUCTUKN, KOTOPbIE MPOAO/IKAOT XOPOLLO CYXUTb U CErOaHS.

3akJs4yeHume

HecMoTps Ha ONTUMKCTUYHOE BUAEHME ByayLLero, y NakeTHbIX TPAHCMOPTHLIX CETEN BCE eLe OCTaloTCS
HekoTopble NPobJsieMbl, B 4aCTHOCTU B 0611aCTV NOAAEPIKKM HECKObKIMX NPoTOoKosI0B, OAM onepaTopCKOoro
YPOBHS, BbICTPOE BOCCTAaHOBIEHNE aBapUil U YETKO AeTEepPMUHMPOBAHHLIN 1 AnddepeHupoBaHHbIN QoS.

OCHOBHble PYHKLMOHaJIbHbIE MPo6sieMbI, C KOTOPbIMU CErOAHS CTAJIKMBAOTCSA Pa3paboTUMKM 1 KOTopble
SABJISIOTCA OCHOBHbLIMM OBVXYLLMMW LIENSMU, BKJIlOYalOT B cebs:

HarpomoxxaeHne MHoOXecTBa ObICTPO MeHsALWMXCA cTaHaapTos (PBB-TE, MPLS-TP, PBT, T-MPLS, VPLS);
CkBo3Ho OAM, accoUMMPOBaAHHLIN C ThiICA4aMuK TpaHCNopTHbIX NoTokos (ITU-T Y.1731, IEEE 802.1ag);
HoBble B3anmocBsa3aHHble npoTokosbl (IETF/ITU-T MPLS-TP n IEEE 1588v2);

3awmTHOE nepektodeHmne <50Mc 415 pasnyHbIX TOMOJIOMr MR pe3epBnpPoOBaHnS (IMHENHbIE K
KOJibLIeBbl€, MOJIHOCBA3HbIE U A4YenCTble CTPYKTYpbl, FRR);

e [leTepMUHUPOBaHHbLIN U AnddepeHumnpoBaHHbIn QoS ana 6onblUMX arpernpoBaHHbIX MOTOKOB TpadurKa
(6onbwon obbem NnamaTn ansa bydepos, HU3KasA 3aaepkka 06paboTKM, MHOXXECTBO KJ1acCoB,
nepapxmyeckoe yrnpasseHune);

Cneuundunyeckne pyHKLUN N NHTepGEncCobl y onepaToposB Ny NOCTaBLLMKOB;

OpHOopoAHble peLlleHns OT MabiX 40 B0bLWNX CUCTEM;

MWHMMM3aLMSA 3aHUMAEMON NJoWaaun n notpebneHns NuTaHus.

HacywHasa npobnema B ToM, 4ToObl NPOAEMOHCTPMPOBATL ONepaTopy peasibHble NpenMyLLecTsa, KOTopble
OH NOJNYYUT B pe3yJsibTaTe nepexofa Ha NakeTHble CEPBUCHI U HOBYIO NMAKETHYIO apXUTEKTYPY CEeTMW.
ApxutekTypa P-OTN npenocTasnseT ornepaTopy nognepxky texHonorun Carrier-Ethernet n MPLS, paet
XopoLyto MacwTabrupyemMocTb Ha POHe YyrpoLLLeHMs NakeTHON ceTn 1 obecnevymBaeT MUHUMAJIbHYIO
yOesIbHYI0 CTOMMOCTb MOJI0Chl MPOMNYCKaHWsA Ha eAnHULY nepefasaemMon nHpopmMaunu. TpyaHo
nepeoueHnTb posib P-OTN B 6yayuwiem NGN. B 3To CBA3M MOXXHO 0XXKMAaTb cBeTsoro byayuwero ansa P-OTN,



0OHaKO TaK)Xe MO>XHO MpPearnosioXnTb, YTO B Te4eHMe BAnXanmnx HECKONIbKMX NET 3BOJIOLUSA CEeTeN
MOXKET MONTU B ABYX HE3aBUCUMbIX HAMpPaB/EHUSAX - MO apXUTEKTYPHOMY UAN N0 PYHKLMOHAIBHOMY MyTAM
pa3BuTusa. B ntobom cnyyae cywiecTByeT TBepAas yBepeHHOCTb, 4To MPLS-TP 6ypeT ¢omrypmpoBaThb B
KayecTBe KJIl04EeBOro afieMeHTa byayuwmx ceten P-OTN.

Fnoccapui

AIS Alarm Indication Signal

APS Automatic Protection Switching

ASIC Application Specific Integrated Circuit
ASSP Application Specific Standard Product
ASTN Automatic Switched Transport Network
BGP Border Gateway Protocol

CapEx Capital Expenditure

co-ps Connection oriented packet switching
ECMP Equal Cost Multiple Path
EoSDH/SONET Ethernet over SDH/SONET
ETH Ethernet

FPGA Field Programmable Gate Array

FRR Fast Re Route

GE ACH Generic Associated Channel

GMPLS Generalized MPLS

ICT Information and Communications Technology
IEEE Institute of Electrical and Electronic Engineers
IETF Internet Engineering Task Force

IGP Interior Gateway Protocol

IMS IP Multimedia Subsystem

IP Internet Protocol

IPTV IP Television

IP-VPN IP Virtual Private Network

ITU-T International Telecommunication Union - Telecommunication Sector
L2 Layer 2

L3 Layer 3

LDP Label Distribution Protocol

LSP Label Switched Path

MCC Management Control Channel

MEAD MPLS Interoperability Design

MEF Metro Ethernet Forum

MPLS Multi-Protocol Label Switching

MPLS-TP MPLS-Transport Profile

MSPP Multi-Service Provisioning Platform



MSTP Multi-Service Transport Platform
NASS Network Attachment Subsystem
NGN Next-Generation Network

NG-SDH Next-Generation SDH

NPU Network Processing Unit

OAM Operations, Administration and Maintenance
OpEx Operating Expenditure

OTN Optical Transport Network

p.a. Per annum

p2mp Point to multipoint

p2p Point to point

PBB Provider Backbone Bridge

PBB-TE PBB - Traffic Engineering

PBT Provider Backbone Transport

PDH Plesiochronous Digital Hierarchy
PHP Penultimate Hop Popping

PM Performance Monitoring

P-OTN Packet-OTN

P-OTP Packet-Optical Transport Platform
PW Pseudo Wire

PWE3 Pseudo-Wire Emulation Edge-to-Edge
QoS Quality of Service

RACS Resource and Admission Control Subsystem
RDI Reverse Defect Indication

RFC Request For Comment

ROADM Reconfigurable OADM

RSVP Resource Reservation Protocol
SDH Synchronous Digital Hierarchy

SLA Service Level Agreement

SONET Synchronous Optical Network
TAL MPLS-TP Alert Label

TCO Total Cost of Ownership

TDM Time Division Multiplexing

T-MPLS Transport-MPLS

VolIP Voice over IP

VPLS Virtual Private LAN Service

VPN Virtual Private Network



WDM Wavelength Division Multiplexing
WG Working Group
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