Kak PAa3roHsAJIn G.fast: cTaHOBJIeHMEe TEXHONOIrmm

BypHbI poCT Tpahnka B CETAX Nepefayn AaHHbIX, KOTOPbIA Mbl HabnlogaeM He NepBbi rof, NOACTErHy
aKTMBHOE pa3BMTME ONEPaTOPCKON MHMPACTPYKTYpPbI. I ecnv monoabie KOMAaHUWM CTPOUSIN CBOU CETU C
HyNs, BbibMpas onTuky, To 6osiee 3penble NbITalUCb UCMOMb30BaTbh N0 MAaKCUMYMY CYLLLECTBYHOLLME JINHUN.
MNocnefHUM BbIJ1I0 BaXKHO NMpU OTCYTCTBUM KannTaslbHbIX BJIOXKEHU MONYYUTb CETU, CPaBHUMBbIE C OMTUKON.
Mo 3TOW NpUYMHE HECKOJIbKO NIET Ha3a noj KpbisioM Me)xayHapo4HOro COlo3a 3/IEKTPOCBA3M Havanachb
paboTa Hag co3gaHmeM cTaHgapTa G.fast, KOToOpbI NO3BOJINA B UTOre rnepefaBaTh AaHHbIE MO
TenedoHHbIM NPOBOAAM Ha CKOPOCTSAX CBbiwe 1 MéuT/c.

Mpeanocbinku nosasneHumsa G.fast

Y nctokoB cos3panHunsa G.fast ctoanun kpynHenwmne ADSL-onepaTopbl CeBepHo AMepuku 1 3anagHon Esponbl.
Y4aCTHMKW pbIHKA MbITaJINCb HAWTM CNOCO6 pacluMpeHnss EMKOCTU CETEN A4 NPONyCcKa BCE BO3pacTalowero
Tpaduka. CywectsoBaslune ADSL n VDSL ceTn foOCTUIr v CBOEro TEXHOJIOrMYeCcKoro notosika. lNMossneHmne
IPTV, OTT-CcepBNCOB N POCT BUAEOKOHTEHTA TOJIbKO yCyrybnsam 370 NojoXKeHme.

TexHonorus G.fast - 3To BO3MO)XXHOCTb MOAEPHU3ALNN CYLLECTBYIOLWMX MEOHbIX KOMMYHUKauUni be3
KanuTasibHbIX 3aTpaT Ha Co34aHNe HOBOM MHPACTPYKTYPbI NPU NOOKIOYEHUN YCIYT CBA3M B
MHOIOKBapTMPHbIX AOMaX N KOTTeA)KHbIX nocenkax. Kpome Toro, G.fast no3BsossieT onepaTopy pacwmpsaTb
30HY OXBaTa rMrabuTHbLIM AOCTYNOM Ha 06BEKTLI, KOTOPbIE HE MOTYT BbITb SKOHOMUYECKN UM TEXHUYECKN
peann3oBaHbl TPAAULNOHHBIM ONTOBOJIOKOHHbLIM MyTEM.

dakTunyeckun G.fast nossonseT npespaTnTb DSL-ceTn BO BMOSIHE KOHKYPEHTHbIE MO CPABHEHMIO C
onTuyeckumu. NMpmUpoCcT CKOPOCTU A0 TEOPETUYEeCKoro npegena B 1 rurabmT B ceKyHAy 03Ha4vaeT, 4To
MoJib30BaTeNIN TAaKOro MHTEPHETa CMOryT CMOTPETb NOTOKOBOE BMAEO B pa3pewieHun Ultra HD
0OHOBPEMEHHO Ha HEeCKOJIbKMX YCTPOMCTBaX M Aaxke Bbille 6e3 BbIHY»XAEHHOI0 OXXNAAaHNSA 3arpy3Ku
KOHTEHTA.

C 2012 ropa noAa arnaon MexxayHapoaHoro cotosa anektpocsasn (ITU-T) n Broadband Forum (BBF)
Ha4Yanucb nccneposaTesbckme paboTel. Camoe akTUBHOe y4acTme B paboTax MpuUHUManmM onepaTopbl U
KpynHenwmne nponsBoaANTENN TEIEKOMMYHNKaLMOHHOIo o6bopyaoBaHus.

B pa3paboTke cTaHOgapTa y4aCcTBOBaJI0 HECKOJIbKO pabo4umx rpynn. Paboyas rpynna Q4 nccnenoBaTesibCKOMN
komuccum Study Group 15 ITU-T (Q4/15) 3aHMManacb acnektamu npmémonepenaTtymkos. Broadband Forum
paboTan No apxXMTEKTYPHbIM acrnekTaMm, a paboyasa rpynna EBponenckoro MHCTUTYTa
TeNeKOMMYHUKALMOHHbIX cTaHaapToB ETSI TM6 - no Bonpocam Tak Ha3biBaeMoro "obpaTHoOro nutaHma"
Reverse powering. K nccrnegoBaHnsam npmBaeKkaance nponssogutenn obopynosaHms: Calix, Alcatel-Lucent un
Huawei.

OnbITHbIe 30HbI G.fast 6bIM pa3BépHY Tl Ha ceTAx onepaTopoB Deutsche Telekom B N'epmaHun, British
Telecom B BenukobpuTaHum, Orange Bo ®paHumn. MNpn aToM nngepom no sHegpeHuto G.fast B
OENCTBYIOLLNX KOMMEPYECKUX CeTAX OrnepaTopoB aBaseTcs komnaHma Calix. Hanpumep, caMbiM KPpyMHbIM Ha
cerogHAawWHMM aeHb B CLLIA BHeapeHmnem TtexHonorum G.Fast asnaetca nHctannauyma Calix B CenturyLink.

Cneuucdpukauum G.fast

B koHue 2014 roga 6b11n NpencTassieHbl NepBble cneyndukaunm ctaHgapTa G.fast - G.9700 n G.9701 "Fast
access to subscriber terminals (FAST) - Power spectral density specification" - "BbiCTpbI 4oCTyn K
MoJib30BaTENbCKMM TEePMUHaNaM - CrneunpurKaumm NJ0OTHOCTN CMeKTPasbHON MOLWHOCTK".

CTaHpapT onpenennsa MeTonbl MUHUMU3aUnnM nHTepdepeHumnn obopynoBaHns C LUMPOKOBELLaTebHbIMU
curHanamm, nogobHeimn FM-pagno. Paktudeckn, G.fast npeanaraeT peweHue npobnemsl "nocnegHemn
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CtonTt oTMeTuTb, 4TO G.fast cCOOTHOCMTCS C KoHUenumen noctpoeHns ceten fibre-to-the distribution-point
(FTTdp), koTopas nogpa3ymeBaeT NoABOA ONTOBOJZIOKOHHbIX Kabenen 40 KOHEYHON TOYKMK
pacrnpocTpaHeHUs - MeaHbIX MMHUIA. NHbIMK cnoBamu, G.fast peanunsyeT B cebe BO3IMOXKHOCTU NOOKIIOYEHNSA
wmrpokoro Uplink Mo onTOBOMIOKHY U KOHEYHbIX MOJIb30BaTEIbCKMX Y3/10B MO CYLECTBYIOWMNM TeNe(OoHHbIM
JINHUAM,

Mpw 3TOM 9 MeOHbIX JIMHUN XapaKTePHbl MHTEP(EPEHLVMOHHbIE MOMEXMN. YPOBEHb MOMEX YBENNYMBAETCS C
pPOCTOM AJIMHbI OTBOAA, @ CKOPOCTb Nepeayn AaHHbIX nagaeT. [oCKobKY AJIMHA 0TBOAA B ONEepaTOPCKMX
ceTsAX 06bIYHO He npeBbiwaeT 400 M, CcyMMapHOe BAMSAHME MELHON JINHUWN N3-3a NOBbILLEHUS 3aTyXaHNA U
YPOBHSA NoMex He npesbiwaeT 9 ab, 4TO NPUBOAUT K CHUXXEHUIO CKOPOCTU nepejayv Ha Benn4nHy Ao 6
MéwnT/c pna ADSL2+ n po 20 MéuTt/c gna VDSL2. Ons 60opbbbl C MOMExaMu NCNOJIb3yeTCs TEXHOJIOMUS
Vectoring, KOTOPYO MOXXHO CpaBHUTbL C paboTon CMCTEMbI LIYMONOAaBNAEHUNSA B HAaYLLUHMKAX.

Onsa ncnonb3oBaHUA "BEKTOPUHIa" HeobxoamMmMo yunTbiBaTb KONM4ecTBO Kabenen B obuien pa3soake. Yem
6osblle Kabenen, TeM Bbile 06LWMIA ypoOBEHb NoMeX. 111 aHaM3a B 3TOM CJlyyHae MCNOJib3yeTCs BHELHWA
nMpoLeccop, KOTOPbI BbICHUTLIBAET NoKa3aTenn CMrHaa-lWyM N Ha OCHOBaHWM AaHHbIX HacTpanBaeT paboTy
"BekTOopuHra". B G.fast aHanms3 npomcxoauT aBTOMaTUYECKMU.

B G.fast uHTerpmpoBaHbl HOBbIE aJIFTOPUTMbl KOANPOBAHUSA MHHOOPMaL MK, @ TakXXe NCMOoJb3YHTCS
TEXHOJIOMNN YCTPAHEHUS NHTepdepeHLMOHHbIX MOMEX B Nepefaydye CUrHassa 1 NocTosiHHO paboTatowmin
Vectoring, KOToOpbI MO3BOJISET NepefaBaTb AaHHble 6e3 MoTepn CKOPOCTU Ha paccToaHnn o 400 M. PaHee
TEXHOJIOrnn nogasaeHna nomex 6biM 4OCTYMHbI TOJIBKO Ha n3bpaHHbIX Mofensax obopynosaHua DSL, ong
G.fast 310 cBOe0bpa3HbIN CTaHAaApPT.

CKopocCTb nepenayn aaHHbIX B G.fast 3aBUCUT OT CONMPOTUBIEHNA MEOHON JIMHUK, KOTOPOE, B CBOIO
oyepenb, 3aBUCUT OT OJIMHbI, CE4EeHUS N DPU3NYECKMX CBOMNCTB Kabes.

CtanpapTt G.fast oxxmpgaeT NpUHATME KaK MUHMMYM ABYX HOBbIX NonpaBoK. OgHa U3 HUX NO3BOUT
MOBbICUTb MOWHOCTb Nepenayn ¢ 4 ob oo 8 b, BTOpas - NOBLICUT MHHPOPMALMOHHYO MJOTHOCTb Ha
nogHecyuwen (c 12 6ut go 14 6mT). TpeTbsa NonpaBka NPUHECET pacwmpeHne crnekTpa paboTol G.fast co 106
MlNy go 212 My, TeM caMbIM 4YacToTa YBE/IMYNTCS B ABa pa3a.
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Breaking down a g.fast into its parts

CE effects on Symbol length (Time)

CE 10= DOEIT wies per symbol
CE 12 = 21.135 wnec per symibol
CE 14 = 21437 usec per symbol
CE 16 = 21739 usec per symbod
CE 20 = 12 343 usec per symbol
CE 24 = 22,547 wsec per symbol
CE 30 = J3.B53 uaec per wymdol
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Ncnonb3yemasn nonoca 4actoT - oT 0 oo 106 MI'y (B oTaimyme oT VDSL2, roe npakTn4eCckn ncnosiblyemas
nosioca coctaBnseT 17 Mlu).

Ncnonb3yemble napameTpbl DMT Moaynaumm: 4mucno nogHecywmx 2048, nonoca 51,75 kl'y, Ha Kaxkgyto
MogHecCyLLyt, MHpOpMaLMOHHaa NIOTHOCTb Nepefayn ot 0 go 12 6ut/nogHecyLuas.

[ynnekcHas nepepgada C BpeMeHHbIM pa3gesnieHnem Time Division Duplex (TDD) no3sonseT BapbupoBaTb
Koa(hhunumeHToM acummeTpum DS/US (Downstream/Upstream), nognep>xnmBaTbh COCTOAHUSA C HU3KOMN
MOLLHOCTbIO MUTaHWS, COracoBbIBaTb MPOMYCKHYIO CMOCOBHOCTL C noTpebsieHneM MOLLHOCTU NUTaHUS.

CTonT TakXe OTMEeTUTb, 4TO B CTaHAapTe, NPUHATOM ITU, 3a/10)KEHO HECKOJIbKO CTaTUYECKMX
KoahpumumeHToB. Hanpumep, 80/20, 50/50, 90/10. 310 pacnpeneneHne nosaocsl "BHN3" 1 "Haepx". B
HacTosLLEee BPEMS CYLLLECTBYIOT peasn3aunm, KoTopble NOALEPKNBAIOT pPeXXuM paboTbl C LUHAMUYECKUM
BbIBOPOM KO3I(hPULMNEHTOB acMMMeTpun. NprumMepoM 3Toro ABAAITCSA pewleHns komnaHum Calix.

ObopynoBaHMe BeHOOpPa NO3BOJISET MOJYYUTb NpemmyLlecTBa Nepen obopyLoBaHUEM MPOYUX
pa3paboTyMKOB B BUAE ANHAMUNYECKOro n3MeHeHns KoaddunumneHTos DS/US B 3aBNCMMOCTU OT
npeesannpoBaHnsa Tpaduka. B cayyae 3arpysku gaHHbIX U3 MHTEPHETa aBTOMaTUYeCKU paclumpseTcs
downstream, a B clydae nepepaym faHHbIX B 061aKo - upstream. 3TOT BapuaHT MO3BOAAET onepaTopy
[aBaTb BUPTYasibHY CYMMapHYH NPOonyCKHYt cnocobHocTk B 1 F6uT/c, KoTOpas B 3aBUCMMOCTM OT
Harpy3km 0eNTCS Ha BXOOALWLNA U NCXOA4AWMNNA TPpaduK B aBTOMaTUYECKOM pexunme.

G.fast xDSL

g 2.2 Mhz-106Mhz (up 212Mhz allow 1n 2 2.17Mhz (35Mhz
Tequency ; i

standard) with 35b)
transnussion TDD FDD
bits per bin 0.12 (14 1n A2) 0..15
spacing of bins 51.75 kHz (12X =DSL) 43125 kH=
e 2048 (profile 1062) 4096 (172)
(subcarners) . 4
transnut power 4dBm (8dBm 1n A2 for longer loops) 14.5dBm
transnussion per second up to 48,000 symbols per second

CTouT 3aMeTuTb, 4TO G.fast ABNSETCA He TONILKO CTaHLAPTOM yJyyLwalwmnM Gprnsnky nepesadn gaHHbIX, OH
BKJIl0YaeT B cebsa 3Ha4ynTeNbHbIN 610K ynpasneHus. Tak, B cneundmrkaumsax G.fast nponncaHbl anropmTMmsl
yrnpaBJsieHNs KOHeYHbIMU ycTporncTBaMm SDN, X B3aMMOOeNCTBUA APYr C APYrOM Yyepes BUpTyasibHble
kKoHTponnepbl PMA n PMAA (Persistent Management Agent n Persistent Management Agent Aggregation).

ApPKUM NpMepoM BHEJPEHUS Ha3BaHHbLIX MOAXOA0B ABAAETCA onepaunoHHasa cnctema AXOS oT KOMMaHuu
Calix, koTopas ncnonbsyet npoTokosibl NETCONF n YANG gnsa ynpaBneHuns KOHe4YHbIM 060pynoBaHMEM.
OnepauvoHHasa cucTeMa pa3BMBaeTCa COBMECTHO ¢ KoHcopumyMom ONOS (Open Network Operating
System) n OpenDaylight, 3aHnMatowmxca paspaboTkamm SDN-KOHTpO1EPOB.
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Cpenwv pelleHUin BeHOopa eCcTb BUpTYyasibHaa niaaTdopMa yrnpasseHns aboHeHTCkuMKn ycTporncTeamim Calix
Consumer Connect, koTopas 13 obs1iaka No3BOJISIET YNPaBAATb KOMMyTaTopamMm u SDN-KoTponsiepamu.

PacnpocTtpaHeHue G.fast B Mupe

DSL-onepaTopbl B pa3HbiX CTpaHax MUpa He 6e3 nHTepeca cneanaT 3a pa3ButmeM cneundukaunn G.fast n
XOYT MosiBNeHNs KoHe4vyHoro obopyanoBaHmnsa. Ho noka npensioXkeHNn HEMHOr O, a peasibHO
PYHKLMOHMPYIOLLErO Ha CETSAX U TOro MeHbLLUeE.

B HacToslLiee BpeMs nnaepoM rno paspaboTtkam cneumdumkaunin G.fast, nponsBoacTesy KOHEHYHOIr o
obopynoBaHus, NnporpaMMHoro obecrnevyeHmns n KIIMEHTCKOMY OMbITY ABAsieTcA komnaHus Calix. Mo
COCTOSHUIO Ha neTo 2016 roga KONMYeCTBO TECTUPOBAHWIA NepeBa N0 3a ABE COTHU, @ KOJINYECTBO
nHcTannaumnm Calix G.Fast Ha KOMMepYecKknx ceTsx ONepaTopoB - 3a HECKOJIbKO AECATKOB.

B yacTHocTK, Ha obopypoBaHum Calix ycnewHo pyHKUNOHUPYIOT KoMMepydeckne ceTu G.fast HECKONbKMX
KpynHbIX onepaTopos B CLLUA. Hanpumep, Ha nnaTtdopme AXOS E5-16F/E3-16F paboTatoT ceTn onepaTtopa
Windstream. PelueHne no3Boanso cyulecTBeHHbIM 06pa3oM NOBLICUTL CKOPOCTb Nepeaayvyn AaHHbIX Mo
MeLHbIM JIMHMUSAM CBA3M. DTO MOYyBCTBOBaIM pAfoBble abOHEHTHLI onepaTopa.

B utone 2016 roga komnaHuma Calix ocywiecTemnna NUAOTHLIN 3anyck TexHonorum G.fast Ha y4yacTke ceTu
KpYMNHENLWero TeNeKOMMYHNKaLMOHHOI o ornepaTtopa B KazaxcTtaHe. Ha MegHOM AMHUM NPOTAXKEHHOCThIO
250 meTpoB b6bls1a A4OCTUFHYTa MakCUMasibHas CKOPOCTb AocCcTyna B MIHTepHeT paBHaa 500 MbuT/c.

MapannensHo ¢ 3TuM Calix 3aHMMaeTcsa TecTupoBaHueM cneundukaunn G.fast BToporo nokosnenmsa. 1o
KOHLLA roaa KoMMaHua naaHnpyeT npeactaButb mogenn MDU Ha 48 aboHeHTCckux G.fast nopToB C
pacWmpeHHbIM PYHKLMOHANOM NMUTaHUA (MMTaHna 0T abOHEHTCKNX YCTPONCTB), @ Tak>Ke C YBEJSINYEHHOMN
MOLLHOCTbIO JINHUM, NO3BOAIAOWEN NoAKAO4aTe abOHEHTOB Ha PacCcTOAHUN A0 1 KM.

Takum obpa3omMm, ncnonblys ctaHgapT G.fast onepaTopbl NoyYalOT BO3MOXKHOCTb MPOA/NTL XXU3Hb MELHON
MHPaCTPYKTYPbI, MPenoCTaBMB OKONIOrUrabnTHble CKOPOCTM MO CYLLEeCTBYOWUM nnHuaM. ObopynoBaHne
G.fast nerko nHTerpupyeTcs B tobyl0 apxMTEKTYPY U NO3BOJISET NpoBanigepaM NepenTn Ha
npenocTaBneHne rmrabnTHbIX CEPBMNCOB, TENIEBNAEHNSA CBEPXBbLICOKOW YeTKOCTU, a TakxXe Wi-Fi HoBoro
MOKONEHUS.

MepcnekTusbl

O nepcnekTmBax G.fast 3a9BASI0T NpeAcTaBUTENN MHOIMMX KPYMHbIX TEIEKOMMYHUKALNWOHHbLIX KOMMaHUN
Esponbl. Mo NnporHo3am aHanNTUKOB, coeanHeHua Global G.fast gocturHeTt 29 munnmoHos k 2021 roagy, 4To
COCTaBMT Nopsaka 3% oT MUPOBOIro (YUKCUPOBAHHOIO PbIHKa LLUNPOKOMOJIOCHOIro focTyna. B 3anagHon
EBpone 3TOT NokasaTesib A0/HKeH cocTaBuUTb 11%.

O 3aMHTEepeCcoBaHHOCTU B LUMPOKOM MUCMOJSIb30BaHNN TEXHOIOM NN YXKe 3a8BASAI0T KPynHble 3anagHble
TeNeKOMMYHMKaLMOHHbIE KOMMaHnn, cpean Kkotopbix Deutsche Telekom, Telekom Austria, Swisscom n
Proximus, a Tak>xe 6bputaHckaa komrnaHms NBN.
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