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2420-566862EA/085
MOOYJIE MAPAJIIEJIEHOTO NEPEMEXEHWA EBUTOB

OBJIACTBH TEXHUKM, K KOTOPOW OTHOCUTCH M30BPETEHVE

[0001] Hacrosamee packpeTMEe CYHHOCTM OTHOCUTCH K 0OJIacTu
TexXHUKM LMPPOBOM CBA3M, a 0oJiee KOHKPEeTHO, K MOIYJI [NepeMexXeHMUs
OMTOB IJIS CHUCTEMH KOIOMPOBAHMUSA UM MOOYJIALUM C IIepeMexeHUueM OUTOBR
C KBa3ULUKIIMUECKMVMM KOIAMM Pa3PEeXeHHOT'O KOHTPOJIS 10 YeTHOCTH.

YPOBEHb TEXHUKU

[0002] B mnocjemHMe TOOH CUCTEMH KOOUPOBAHMA M MOOYJISLUUM C
nepeMexeHyeM OUTOB (B @QmaJdpHeMmeM B 3TOM HOOKYMEHTe, BICM)
VCIIOJIb30BAHE B OOJIAaCTM TEeXHUKM UMOPOBOM CBA3M (CM., HAaIpUMED,
HEMATEHTHHM IOOKYMeHT 1) .

[0003] BICM-cucTeMmel, B oO0meM, BKJOUAIT BHIIOJIHEHME TpexX
3Taros .

[0004] (1) KommpopaHue OJIOKOB JaHHEIX B KOJIOBHE CJIOBa C
VICIIOJNIE3OBAHMEM, HalpMMep, KBasMUMKIMYEeCKOI'O KOJa PpaspPeXxeHHOI'O
KOHTPOJIS II0 YeTHOCTM (B IajibHelueM B 3ToM noxyMeHTe, QC-LDPC) u
T.II.

[0005] (2) BeimoJsiHeHue IriepeMexeHus OUTOB 1J18 OMTOB KaxXIoI'o
KOIOBOI'O CJIOBA.

[0006] (3) PasnesneHue KaxImoro KOIIOBOTO cJIoBa c
rnepeMexeHreM OMTOB Ha CJiIoBa CO3Be3AMsd, UMeplMe UMUCiIo OUTOB
coz3Be3nusa, ¥ npeobpasoBaHME CJIOB CO3BEe3IMS B CO3BE3OMA.

CIIMCOK BUBJIMOT'PAGUYECKNUX CCHIJIOK

[TATEHTHHE IHOOKYMEHTH

[C0C7] IaTeHTHEM IJOKyMeHT 1

ETSI EN 302 755 v1.2.1 (DVB-TZ2-CcTaHOapTH)

CYIHOCTE M3OBPETEHWA

TEXHVUUECKAA 3AIAUA

[0008] Tunmuuno, Tpebyerca >00eKTUBHOCTL IpPM [IepPeMexXeHUMU,
IpYIMEHIEMOM K KOIOBEIM CJIOBaM KBaBULIUKINYECKUX KOIOB
PaspPexXeHHOTO KOHTPOJS IO UeTHOCTH.

[0009] HacrTosdmee PaCKpPEITHE CYWHOCTHA HanpaBJIeHO Ha
npernocrTapBjieHMe crnocoba TIepeMexeHMs, oOecneuMBaKllero IIPYMEHeHUeE
530PeKTUMBHOTO NEepeMeXeHMd K KOIOBBM CJIOBaM KBaA3UUUKIMYUECKUX

KOIIOB Pas3peXeHHOT'0 KOHTPOJIS IO UeTHOCTH.



PENIEHVE 3AJAYU

[0010] YUToOHu OOCTUYL BHIIEYKA3aHHOM uesu, crioco®
[IepeMexeHmns OUTOB IJIsI CUCTEME CBA3U c VCIIOJIbE 30BaHMEM
KBaBULUKIMUYECKUX  KOINOB  PAa3pPeXeHHOTO  KOHTPOJIA [0  UYeTHOCTHU
COIEPXUT : 3Tarn npuema Iyt nprema KOIIOBOTO cJioBa
KBAaBULUKIMYECKUX KOIOB Pal3PEeXeHHOTO KOHTPOJSA IO UYeTHOCTH,
cocToamMX M3 N LUKINUECKUX OJIOKOB, KaXIHEM M3 KOTOPHX BKJIOUAET B
ceba Q OuTOB; HSTall [IePeCTaHOBKM OUTOB IJiS HOPVMMEHEHMsS Opolecca
IepeCTaHOBKM OMUTOB K KOIOOBOMY CJOBRY TakuM o0pasoM, UYTOOH
epecTaBysaTh OMTEL B KOIOBOM CJIOBE; WM 5STall pa3nejeHus nOnusd
paszmejyieHVs KOIOBOTO CJIoOBa, I[IOCJe IOpollecca IIepeCTaHOBKU OUTOB,
Ha MHOXECTBO CJIOB CO3Bes3Iusa, IIPUUEM Kaxioe 13 CJOB CO3Be30Ousd
cocToUT M3 M OUMTOB U yKaluBaeT oIHy u3 2Y Touek Co3Be3OUS B

npeaBapmTelJZIbHO OoIrpeleJIieHHOM Cco3pe3nnu, Inpm STOM OO IIpoleccCa

MepecTaHoBKY OUTOB, KOIOBOE CJIOBO pasmessercs Ha FxXN/M cexkumm
CBEepTKHY, Ipu >3ToM F dgBrisgeTrcs UeJibelM 4ducJioM, OOJNpUMM eIVHMIE,
rnpuyeM Kaxias M3 CeKLUMM CBepTKM BRjoyaeT B cebsg M/F LUMKIMUECKUX

BJIOKOB, M KaxIioe M3 CJOB CO3Be3IUs acCCoOLUMMPOBAHO C OIIHOM U3

FxN/M cexkumi CBEPTKM, M Ha 3Tale IepecTaHOBKM OUTOB, IIpOoLecc
[IepecTaHoOBKkM OUTOB IpMMeHseTcs TakuMm obpaszom, uyuTo M OMTOB B
KaXIOM M3 CJIOB CO3Be3OMs BKJIKNUAKNT B ceba F OMTOB M3 KaAXIOI'O U3
M/F pasjMuHHX LUKJIMYECKUX OJIOKOB B JAaHHOM CEeKUMM CBEPTKHU,
ACCOUMMPOBAHHOM C JaHHBIM CJIOBOM CO3BE3OMS, UM TaKuM 00paszoM, UTO
BCe OMTH B OAaHHOM CEeKLMM CBEPTKM Npeobpal3yioTcsa ToJbko B Q/F
CJIOB CO3Be3IMsg, AaCCOLUMMPOBAHHEX C OAHHOM CeKUVeM CBEePTKU.

[IPEVMYIIECTBA M30BPETEHUA

[0011] Cnocob  nepeMmexeHMsa  OUTOB COoIJlaCHO  HaCTOogIeMY
nz30bpeTeHUnD ObecneumBaeT IIPUMeHeHVE 30PeKTHMBHOTO IIEPEMEXEHMI K
KOIOOBEIM CJIOBaM KBaA3VLIVKIIMYECKNKX KOIOB PpPaA3pPEXEeHHOI'O KOHTPOJIA IIO
YEeTHOCTH .

KPATKOE OIMCAHUE UEPTEXEN

[0012] oUr. 1 aBRJISeTCH OJIOK—CXEeMOM, NTOKa3HBaKIe
KOHOUTYypalM HOepelanlelo YyCTPOMCTRBa, KOTOpoOe BkJKwUaeT B cebd
TUNMUHEM BICM-komep.

dur. 2 WUIOCTPUPYET IpUMMep MaTpMlbsl KOHTPOJS [0 UYeTHOCTH



O KBABULUUKINIECKUX KOIOB PAaA3PEXEeHHOT'O KOHTPOJA IO UYEeTHOCTH,
MMENIMX CKOPOCTL KomupoBaumsa 1/2.

Our. 3 WUIINCTPUPYET IIPpMMEP MAaTpHULE KOHTPOJA DO UYeTHOCTHU
IOJI KBA3ULUKIMUECKMX KOIOB PasPEeXEeHHOTO KOHTPOJHA IO YEeTHOCTU C
MNOBTOPEHMEM M HAKOIJIEHMEM, MMEenIMX CKOPOCTbH KOOMPOBaHMA 2/3.

dur. 4 WIICTPMPYET MaTpMLy KOHTPOJA [0 UYeTHOCTM nOJisd
KBA3ULUKIMUECKUX KOIOB PaBPEXEHHOT'O KOHTPOJIS IO UYEeTHOCTU C
IIOBTOPEHUEM UM HAKOIIJIEHMEM IO QUI'. 3 II0CJie IIepeCTaHOBKM CTPOK.

dur. 5 wWIIoCTPpUPYeT MaTpMLy KOHTPOJA IO UYeTHOCTM IJid
KBA3ULUKIMUECKUX KOIOB PalPEeXEeHHOT'0 KOHTPOJIS I[I0 UYeTHOCTU C
I[IOBTOPEHUEM M HAKOIJIeHMeM oo ¢our. 3 [IoCJje IIepeCTaHOBKM CTPOK U
IepPEeCTaHOBKM UEeTHOCTH.

dur. 6 OnuCHBaeT pPal3JMUYHEE YPOBHM YCTOMUYMBOCTM OUTOB,
KOOMPOBaAHHBIX B BOCBMM PAM-CHMMBOJI&X.

Sur. 7 gaBisgercsa OJIOK-CXeMOM, I[IOKa3HBaKIer KOHPUI'YPALMO
TUIMIUYHOT'O MOIYJIS repeMexeHus OMTOB, B KOTOPOM LUKIIMUECKUM
KonbbuumenT Q papeH 8, UMCIIO UIMKIMUYECKMX OJIOKOB Ha Kaxioe
KoIoBoe cJIoBO N pal3pexeHHOI'0 KOHTPOJId I10 YeTHOCTM paBHO 12, a
uycJIo OMTOB Ha Kaxiaoe cozrpesznue M pasHO 4.

Our. 8A sApsigeTcs OJIOK-CXEeMOM, IIoKaszbBanler KOHQUIYPALMIO
DVB-T2-MomyJjisiTopa, MCIOJb3yemMoro B DVB-T2-craHnapTte, a our. 8B
apnsgeTcsa OJIOK-CXeMOM, I[oKa3pBawmer koHburypalumio BICM-komepa mnss
DVB-T2-monmyJigsTopa o ¢omr. 8A.

dur. 9A MWIINCTPUPYET IMIPpOoLecc 3anmcu s OuTOB KOIOBOTO
cioea B 16 xbur (T.e. LDPC-kxOma, B KOTOPOM XIJIMHa KOHmOBHX LDPC-
ciioB  cocrTaiaseTrT 16200 OmMTOB), BHIIOJHSEMEM I[IOCPEICTBOM MOIYJIsS
[IepeMexeHmsa CTOJOLOB M CTPOK, MMeonlero IBeHaIlaThs CTOJOLOB, a
dur. 9B wnocTpUpyeT OIpoLecC CUMTEBAHMS IJig OUTOB KOOOBOTO
CJIoBa, 3BalMCaHHOTO chnocoboM, yKaselBaeMeHM nocpencrtsoM our. 94,
BBIIIOJIHAEMEIM IIOCPEICTBOM MOIYJid IIepeMeXeHMs CTOJNDLOB UM CTPOK.

our. 10A wmIoCTPUPyeT IOpollecc 3Balucy nnas OMTOB KOIOBOIO
cjioBa B 16 kxOUT, BHIOOJNHAEMED I[IOCPEINCTBOM MOIYJd IIepeMeXeHUd
CTOJIODLIOB ¥ CTPOK, uMempmero BOCEeMb CTOJOILIOR, a our. 10B
WIUIOCTPUPYET IIPOLEeCC CUMTEBAHMA 1IJI14 OMTOB KOIOBOTO  CJIOBA,
3arnMcaHHOT O criocobowm, YKa3bIBaeMbIM [IOCpencTBOM dbur. 104,

BHIIIOJIH IEMBIN IIoCpeICTBOM MOIOYJIA IlepeMeXeHMA CTONBOLOB U CTPOK.



dur. 11 gaBusgercsa OJOK-CXeMOM, IIOKas3HBawlel KOHPUIYypaLMo
OeMyJIb TUIIJIEKCOPa U3 OWUTOR B SUeMKM, MCIOJIb3YyeMOT'o IJig KOIOB B
16 xbut 16-QAM B DVB-TZ2-craHzmapTe.

dur. 12 gaBusgeTcsa OJIOK-CXeMOM, I[IoKaszHBawmey KOoHQUTypaumo
oeMyJIb TUIIJIeKCcOopa M3 OMTOBR B HSuUueMKy, MCIOJIb3YyeMOoI'o IJig KOIOB B
64 xOur 64-QAM B DVB-TZ2-cTaHmapre.

dur. 13 gaBjasgeTcsa OJOK-CXEeMOM, I[I0KAaIBBAKIEY KOHOUTYpPALM
OeMyJIb TUIIJIEKCOopa M3 OMTOB B SuUeMKM, MWCIOJIbL3YyEeMOTO IJisS KOIOB B
16 xbut 256-QAM B DVB-T2-cTaHmaprte.

our. 14 wmnnocTpuUpyeT OpobiieMy, BO3HMKALIY IJIS KOOOB B 16
KOMT C MOOYJIEM BOCBMUCTOJDOLOBOTO IepeMexeHud OuMToB no DVB-T2-
CTaHOapTy.

Our. 15 wmnnocTpupyeT NOpobieMy, BO3HMKALIY IJId KOOOB B 16
KOUT C MOIYyJIEM IBEHAIUATUCTOJNBIOBOIO repeMexeHms OuTon 110 DVB-
T2-CcTaHIapTy .

dur. 16 wuocTpupyeT npodryieMy, BO3HMKALIY IJIS KOIOB B 16
KOUT C MOIyJIeM BOCBMUCTOJOLOBOTO IlepeMmexeHus OmTos 110 DVB-T2-
CTaHIapTy, KorI'zma IpuMeHsgeTcs "3axkpydusaHme" CTOJIOLOB.

Sur. 17 wmumocTpupyeT npodseMy, BO3HMKAWLIY IJIS KOIOB B 16
KOMT C MoIyJeM IIBeHallaTUCTOJIOLOBOIO IlepeMexeHus OMToB 1o DVB-
T2-cTaHmapTy, XKorza npuMmeHseTcs "zakpyumsBaHme'" cTosbLOB.

dur. 18A wu 18B, COOTBETCTBEHHO, WIJIOCTPUPYIOT IIepBOe U

BTOPOE ycJjosue, OOHaPyXEHHEE aBTOpPaMMU n3obpeTeHus,
obecrieuuBanmme npegocTraBJjieHue OUeHb 50PEKTMBHOTO MOIIYJIA
[IepPEMEXEHM .

dur. 19 wumocTpupyeT OQYHKLUMIO I[Ipecbpa30oBaHMsa I[IOCPEICTBOM
MOIYJIS TEePEMEXEHMs, CBS3aHHOTO C BAPMAHTOM OCYHECTBJIIEHUS.

dur. 20 gaBiasgeTcsa OJOK-CXeMOM, IIOKaIBBaAKIEr KOHOUTYpaLMo
MOIYJIS TIE€PEMEXEHMSI, CBSI3aHHOTO C BAPMAHTOM OCYHECTBJIEHUS.

Sur. 21A gaBjageTcsa OJIOK-CXEMOM, I[NOKasHBRawmel KOHOUTYpalumo
MOIYJIS TIepPeCTaHOBKUM CeKUMM, BHIIOJHAKIETO [IepeCcCTaHOBKY CeKLMH,
NPOMJIJIIOCTPUPOBAHHYID Ha our. 20, a our. 21B unaocTpupyeT OGYyHKLUIO
npeoBpasz0BaHMa MOIYJIS [IE€PECTAaHOBKM CEKILMM, IMNOKA3aHHOTO Ha our.
21A.

Our. 22A gaBiageTCcsa OJIOK-CXEMOM, [NOKa3HBaKleM ajlbTePHATUBHYIO

KOHOUTYpauuo MOIYJIS IepecTaHOBKU Cerkuun, BHIIIOJIHARIETO



[IEPEeCTaHOBKY CEKLMVM, NPOWININCTPUPOBaHHY®W Ha odur. 20, a our. 22B
WILITOCTPUPYET QYHKUMIO Npeofpal30BaHUSA MOAYJIA IIepeCTaHOBKM CeKUUM,
nokazaHHOTO Ha Our. Z22A.

dur. 23 gaBuageTcsa OJIOK-CXeMOM, IoKaszHBawleM KOHPUI'ypaluuo
MOy JISI [IepeMEexXeHu s, CBS3aHHOTO c OIpyTHUM BapMaHTOM
OCYIUECTRJIEHUS .

dur. 24 gaBiaseTrcsa OJOK-CXEeMOM, II0KAaIBBAKIEY KOHOUTYpPALM
MONYJIs IepeMexeHus OUTOB, [IOoKasaHHOTO Ha o¢ur. 23.

dur. 25 gaBusgercs OJOK-CXeMOM, TOKas3HBawiley KOHPUIYPAaLUo
neperamnmero YCTPOMCTBA, CBSA3aHHOTO C IOINOJIHUTEJIBHEIM BapPMaHTOM
OCYIHIECTRIICHNUS .

dur. 26 aBaseTcsa OJOK-CXEeMOM, IOKas3HBanle KOHPUTYPALUD
BICM-kozmepa, CBASAHHOTO C OONOJIHUTEJIb HEIM BAPMAHTOM
OCYIHIEeCTBIIEHWS .

Sur. 27 sapnsercs OJIOK-CXeMOM, IIoKaszeBallel KOHQUI'YPAaLMo
[IPUEeMHOT'0 YCTPOMCTBA, BKIOUAKmEro B ceba HeuTepaTuBHEM BICM-
IeKoIep, CBSA3AHHBEM C JIOMNOJIHUTEJIbHEM BapMaHTOM OCYUECTBJIEHMS .

Our. 28 saBisgercs OJIOK-CXeMOoM, IIoKaseBaniel KOHQUI'YPAaLMIO
[IPUEeMHOTI'O YCTPOMCTRAa, BRIwUaomero B cebs wurepaTmBHBM BICM-
IeKoJep, CBSA3AHHEM C IOOMNOJIHUTEJIBHEM BapMaHTOM OCYUECTBJIEHMUS .

dur. 29 gapiasercs OJOK-CXeMOM, IIOKalHBawlel KOHPUTIYPALMO
UTEepaTrBHOI'O BICM-pmexonepa, CBAS3AHHOTIO C OOIIOJIHMTeJIb HEIM
BapMaHTOM OCYIIECTRBJIIEHMUS .

Sur. 30 WIIOCTPUPYET MIPUMMEP LUKIMUECKMX OJIOKOB, BKJIIOUEHHBIX
M MCKJIIOUEHHBIX M3 00paboTKM MOOYJIS [NapallJiesIbHOTO IepeMexXeHMUS .

dur. 31A wu 31B, COOTBETCTBEHHO, WIJINCTPUPYIOT IIepBoe U

BTOpPOE yCJoBUE, OOHAPYXEHHEIE aBTOpPaMu nz3obpeTeHUs,
obecrneuuBamye npenocTraBJieHue OUEeHb 20bexTUMBHOTO MOIYJId
InepeMexeHus.

dur. 32 gaBiasgeTcsa OJOK-CXeMOM, II0Ka3BaKnIelr KOoHOUTYpalumo
MOIIYJIS nepeMexeHus, CBS3aHHOTO c IPYTUM BapMaHTOM
OCYIECTBJIEHUST .

Our. 33A WUIRCTPUPYET OVHKUMK [IpeobpasoBaHMs IJg Cclydasd
bes CBEPTKU (F=1), a our. 33B WIIJICTPUPYET OYHKLIMIO
npeobpasoBaHMa IJid CJydas CO CBepTKoM (F=2).

Our. 34A gBugeTcsa OJOK-CXeMOM, [NOKa3BBAKIEN KOHOUIYPALMIO



MOIYJIS T[EepPeCTaHOBKM CeKUIMM (CBEPTKM) IJA ciaydas ©0e3 CBEepTKu
(F=1), a dur. 34B ABJIgeTCH OJIOK—CXeMOM, IIOKa3HBaKIen
KOHQUIYypaUuKn MOOYJsA IepeCTaHOBKM CEeKUMM CBEPTKM IOJa CJydas Cco
ceepTkom (F=2).

dur. 35 gaBugeTcs OJIOK-CXeMOM, I[oKasHBawleM KOHPUIypauuo
MOITY JISI [IepeMexXeHu s, CBS3aHHOTO c OpyTHUM BapMaHTOM
OCYIHECTRIICHUS .

dur. 36 gaBasgeTcs OJOK-CXEeMOM, I[OKas3HBaIle KOHPUTYPALUD
MOIYyJI IepeMexeHusa OUTOB, IoKasaHHOTO Ha o¢ur. 35.

dur. 37 gaBiaseTcsa OJOK-CXeMOM, II0Ka3EBaKRIEr KOHOUTYpPaLMO
nepeyzanmero yYCTPOMCTBA, CBA3aHHOTO C IOINOJIHUTEJIBHBEIM BapPMaHTOM
OCYIIEeCTBIIEHUS .

our. 38 aBJIgeTCca BIIOK—CXeMOM NPUEMHOTO YCTPOMCTBA,
BKJIOUAnIEro B cebs HeuTepaTusHewm BICM-pgexkoiep, CBS3aHHEM C
IOIMOJIHUTEJILHEIM BAPMAHTOM OCYUECTBIIEHUS .

dur. 39 aABJISEeTCH BJI0K—-CXeMoMn [IPUEeMHOT'O yCTpoMCcTBa,
BKJIOUAmEero B cebs uTepaTuBHEM BICM-nexonep, CBSBAHHEIM C
IOTIOJIHUTEJIbHEIM BaAPMAHTOM OCYUECTBIIEHUS .

our. 40 VIJTIOCTPUPRYET MECTOITOJIOXEHU A 3aroMMHaKMIero
ycrpomcTea s LLR 1uigs  CcBepTku C  F=2 u nosuuum OMTOB IJIg
[IEPBOT'O CJIOBA CO3BEe3Ius.

dur. 41 cxemMaTMUHO IIpencTaBjsgeT InpeobpaszoBaHue OJIOKOB
co3BeBIMs, CBSABAHHHBIX C IubpunHeMyu QPSK+16QAM-xomaMm.

dur. 42 gapiasgeTcsa OJOK-CXeMOM, IOoKasHBanler KOHOUIYPALMIO
MOITYJISI rnepeMexeHms, CBSIZAaHHOTO c IpYTUM BapMaHTOM
OCYUECTBIIEHNS .

dur. 43 gaBjasgeTcsa OJOK-CXeMOM, II0Ka3pRBanIey KOHOUTYpalmo
MOIYJIS nepeMexeHmns, CBS3aHHOTO c OpYyTUM BapMaHTOM
OCYIIECTRBIIEHUS .

[IOOPOBHOE OIIMCAHVE BAPVMAHTOB OCVYHECTBIIEHMA

[0013] MCXOHOHHE IAHHHE

our. 1 gmjageTcsa OJOK-CXeMOM, I[IOKAa3BBAKIEN KOHOUIYPALIMIO
nepepawmmero ycrpoumcrea 100, xoTopoe BKIKUaeT B ceb®da TUNOMYHEM
KOIEep Ha OCHOBe IpPMHLUMUIIA KOIMPOBAHMS UM MOLYJIALUMM C [IepeMeXeHMHeM
OuTOoR (B ImaJibHeMmeM B S2TOM »OOKyMeHTe, RBICM). Kak I0oka3aHo,

nepenamimee ycrpoucTrro 100 Bxiaouaer B cebs npoueccop 110



BXOIOHOT'O cuTHaja, BICM-kxomep (B CBOKN oOuepelb, BKIKUAKIMM B cebs
xomep 120 Ha OCHOBEe paspPexeHHOT'O KOHTPOJsA IO YeTHOCTM (B
majJbHEeMmeM B B3TOM IokyMeHTe, LDPC), wmomyns 130 mnepeMexeHus
ouTor u MomyJsib 140 npeob®paszsoBaHusa co3Be3num) m MomyasaTtop 150.

[0014] Ipoueccop 110 BXOOHOTO CHMI'HaJla HIpeobpal3yeT BXOIHOU
[IOTOK OMUTOB B OJIOKM NPEeOBAPUTEJILHO OIpelesieHHOM IJuHBE. LDPC-
xkomep 120 xomupyeT OJIOKM B KOIOBHE CJIOBa C MCHOJNb30BaHMeMm LDPC-
KOOOB I 3aTeM nepenaeT KOINOBEE CJIOBa B MOmyJb 130 nepeMexeHus
OUTOB. Monmysb 130 IepeMexeHud OUTOBR IpVIMEHAET opouecc
[IepeMexeHss K KaxnoMy KkKomosoMy LDPC-crnoBy, a 3aTteM pasmesdgerT
KaxIoe IIepeMexXeHHOe KOIOBOe CJIOBO Ha I[OCJIeNOBaTeJIbHOCTE CJIOB
SYEUKU (T.e. cynoB  cozBezmua). Monmyns 140 npeobpaz30BaHUA
cozBe3nUn npeobpasyer Kaxmoe CJIOBO AUYEUKU (T.e. CJIOBO
coz3Be3nud) B [IOCJIeNOBaATEIEHOCTE co3Be3IUN (HanpuMep, c
UCroJIib30BaHveM QAM) . O6mmy wmonyssTop 150 Ha BeEXOIe BKIOUAET B
cebsa BCe BIIo0KM obpaborTkyu o BBEIXOIla BICM-konepa o
paIrvodacTOTHOIO (B maJjibHeNmeM B 2ToM IokyMeHTe, RF) ycunmresns
MOIWHOCTH .

[0015] LDPC-xoxz daBJgeTCHS JIMHEWHBIM KOIOM C KOoppekumeu
omBOK, KOTOPHEIM IIOJIHOCTHLI BalaeTcs IIO0CPeXCTBOM MaTPULE KOHTPOJIS
10 YeTHOCTM (B majibHeMImeM B 2TOoM IoKyMeHTe, PCM). PCM gpigerTcd

IBOMUHOVW pPa3pPexXeHHOM MaTpHuleM, KOoTopas IIpencTaBjiseT COeIVHEeHUe

OuToB KOJIIOBOTO cJoBa (B naJjibHeMeM TakKxe Ha3BEIBAE&MEBIX
"repeMeHHBIMU yaraamm") c OuTaMmU KOHTPOJIA 1o YeTHOCTHU (B
naJibHEeMIIeM TakKXe Ha3bBaeMbIMM "KOHTPOJbHEMM Yy3JaMu") . CrTonbuel u

cTpokm PCM HammexamyMm o0pa3oM COOTBETCTBYIT I[Ie€PEeMEeHHEIM Y3JlaM U

KOHTPOJIBHEIM y3jaM. B PCM, coenuHeHMe MeXOy IIepPeMEeHHBEM Y3JIOM U

KOHTPOJIb HEIM y3JI0M IpencraBIgeTcs IOCpPencTBOM EIVMHNYHOTO
BJIEMEHTA .
[0016] KBasMUMKIMUECKME KOIBl PaspPeXeHHOTO KOHTPOJA IO

yeTHOCTM (B JaJIbHeMmeM B 3TOM IOOKyMeHTe, QC-LDPC) 4aBadgoTCcH
onHoM Bapuaumenm LDPC-XOHOB. QC-LDPC-KOOEl MMET CTPYKTYPY,
KoTopas, B UYaCTHOCTHM, IMOIXOIUT IJIS allapaTHOM peaju3aliuM.
daxkTHUUECKY, OOJIBIIMHCTBO CTaHIIapPTORB, VICIIOJIb 3y EMEBIX ceronHsd,
ncrnomnesyer QC-LDPC-komeil. PCM QC-LDPC-xoma MMeeT CIlIelUMallbHY

KOHGUITypauuo, COCTOAUYID M3 MHOXECTBa ULUPKYJIAHTHHEX  MaTPULL.



IMpKyJISHTHAS MaTpula HSBJ4deTCd KBaIpaTHOM MaTpulley, B KOTOPOu
Kaxnas CTpOKa ABJIAETCSH UUMKINYECKMM  COBMI'OM  DBJIEMEHTOB B
npenenymer CTpoke UM MMeeT OOHY, IBe wixu 00Jiee CBEPHYTHX
ovaroHanm. Kaxmasa LUMPKYJSHTHAaS MaTpHulla MMeeT pasMep 0xXQ. 3mecs,
Q mnpencraBJyfeT LIMKIMUYeCKUM kKo2¢Qduument QC-LDPC. BrouteonmcaHHAas
KBasMLUMKIMYECKAsa KOHOUIypalusa JaeT BO3MOXHOCTL IapajljlieslbHOU
obpaboTku @ KOHTPOJIBHEIX  Yy3JOB, yTo, 6e3yCJIOBHO, ABJISeTCH
rnoJjie3HeM 1Jjisg 2QPeKTMBHOM allapaTHOM pealiM3alliu.

[0017] our. 2 rIoKasuBaeT PCM QC-LDPC-xoma, MMeEeT o
UUKJIMYeCcKul kos3bbmumeHT Q B BOCEMb B KadecTBe npuMmepa. Ha owur.
2, a Takxe Ha HMWXeONMCAaHHEX O¢(ur. 3 m 5, camMpe MaJiIieHbKUue
KBAOPAaTH NPEenCTaBJIglT OOMH 3JjieMeHT PCM, npmMueM UYepHHEe KBAaIPaTE
ABJIATCH  eINVMHWUYHBIMM  DJIeMeHTaMu, a BCe ocCTallbHEE KbBallpaTel
ABJIAITCH HyJIeBbMM 3JjieMeHTaMu. [loxkaszsanHas PCM uMeeT UUMPKYJISHTHBIE

MaTPULE C OIHOW WM IOIBYMS CBEPHYTBIMM OMATOHAJISAMM Ha KaxIayo.
SrorT QC-LDPC-kOm kommpyeT OJOK B 8xX6=48 6MTOB B KXOIOBOE CJIOBO B

8x12=96 ©Ouron. COOTBETCTBEHHO, CKOPOCTL koauposaHus QC-LDPC
cocrapiyser 48/96=1/2. BuTe KOIOBOI'O CJIOBa PaBIesgoTCs Ha
MHOXEeCTBO OJIOKOB 10 Q OMTOB  KaXIbIM. Q OBuropble OJOKM B
DaJjibHeWeM Hasz3bBalTCcsa "UMKIMYEeCKMMM OJiokaMM (MK LUKJIMYeCKUMU
rpynnaMm") IJiS 3TOM B3aMMOCBSA3M C LUMKIMUECKMM KosddmumeHTOM Q.

[0018] CneumanvHasa Bapumauma QC-LDPC-xOOOB IIPeICTaBJISET
cofor KBaABULUUKIMUYECKME KOIH PAaABPEXEeHHOTO KOHTPOJS [0 UYeTHOCTHU C
IIOBTOPEHUEM UM HaKOIJIEHMEM (B »aJlbHeMIIeM B DSTOM JOKyMeHTe, RA
QC-LDPC) . M=mBecTHO, uTO RA QC-LDPC-xOOE JNEeTKO IOEeKOOVMpPOBaTh, M,
cJlenoBaTeJILHO, OHU VCIIOJIb 3YIOTCS BO MHOXECTBE CTaHOApPTOB
(HanpuMep, B DVB-cTaHmapTax BTOPOIO IMIOKOJEHMHA, BKIDUAKIMUX B
cebsa DVB-S2, DVB-T2 m DVB-C2). Ilpamas cTtopoHa PCM cooTBeTCTByEeT
fOUTaM UYeTHOCTM. EIMHMUHEE DBJIEMEHTH pas3MellalnTcsa B JIECTHUUHOU
cCTpyKType. Odur. 3 nokazmpaeT npumep PCM noma RA QC-LDPC,
VMeonIero CKOPOCThL KOOUMpOoBaHMS 2/3.

[0019] Brmne u 10 BCeMy  HOOKYMEeHTY, DVB-T aBJIgIeTCH
cokpalleHrueM OT Has3eMHOM LMOPOBOM WMPOKOBEIATEJILHON Iepellauu
Bumeo, DVB-S2 gdBJjadeTcd COKpalleHMeM OT CIOYyTHUKOBOYM UMOpoBOM

LMPOKOBEWATEJIBHOM I[epenadr BMIOEO BTOPOTO [OKOJIEHMH, DVB-T2



ABJIAETCHA COKpPAIleHMEeM OT HAa3EeMHOM LKOPOBOM WMPOKOBENATEJIbHON
nepemauy BUIOEO BTOPOTO HOKOJIeHMA, U DVB-C2 gBigeTcsa CoOKpalleHMEM
OoT kabeJIbHOM LMOPOBOM WMPOKOBEUATEJIbHOM IepelauM BMIEO BTOPOITO
[IOKOJIEHUS .

[0020] IlocpencTBOM IIPMMEHEHMS IPOCTOM IIEPEeCTaHOBKM CTPOK K
PCM, nokasaHHOM Ha ¢¢ur. 3, packpeBaeTcsa KBa3ULUKIMIECKAA
cTpykTypa RA  QC-LDPC-xOmoB, 3a MCKJKOUEHMEM UYacCTU UYEeTHOCTH,
nokasaHHOM Ha our. 4. IlepecTaHoBKa CTPOK MABJSETCS IIPOCTHEM
MBMEeHEeHreM IpaduueckKoro MNPelCcTarJIeHMs, He MMEenMM BJIMAHME Ha
3amaHue kKoIa.

[0021] KpasuumukImMuyeckasa CTPYKTYpa dYacTu dYeTHOoCTM PCM
nepenaeTcs MOCPEeICTBOM NIPUMMEHEHUS HaJIeXallel IepeCTaHOBKY CTPOK
TONILKO K Ouram ueTHocTu PCM, nokasaHHOM Ha oéur. 4. D3Ta
TEeXHOJIOTUSA  WMPOKO  M3IBEeCTHa B IHaHHOM  o0JjlacTM  TEeXHUKM WU
UCIIOJIL3YETCsS B TakuMxX CcTaHlapTax, kak DVB-T2, 10oI HaszBaHUEM
rnepeMexeHus  UJeTHOCTM WJIM TI[IepPeCTaHOBKM  YeTHOCTH. dur. 5
nokazepaeT PCM, T[OJydYeHHYK B KadecTBe pes3yJjibTaTa IIPUMEeHEeHUI
TaKOM IepPeCTaHOBKM uyeTHOCTM k PCM, rnoxaz3adHHOM Ha our. 4.

[0022] Twunuuxo, OuTel KonmoBoro LDPC-ciioBa BapbUPYITCsS 10
3HaUMMOCTH, 7 OUTEL cozBesansa BAPBUPYITCH 10 YPOBHIO
YCTOMUMBOCTH . [IlpeobpazoBaHme OUTOB KOIOBOTI'O LDPC-ciioBa B
cosBesIMe HeloCPpeInCTBeHHO, T.e. 0es3 I[epeMexeHMud, IIPUBOIOUT K
cyBOornTMUMMaJIbHOM MIPOM3BOIUTENbBHOCTU. TaxkuMm oOpazom, OUTH KOIOBOIO
LDPC-ciyioBa TpelOyoT IepeMexeHMusa OO Npeodpal30BaHMA B CO3BEe3OUA.

[0023] C o>»TOM LUeJbo, MOITYJIb 130 rmnepemexeHus OUTOB
IpernocTaRJiIgseTCHd MeXITy LDPC-xonmepom 120 " MOIOYyJIEM 140
npeobpaszoBaHua CO3BE3OMM, Kak [OokazaHo Ha our. 1. IlocpencTBOM
TIATEJIEHOTO OIPOEKTUPOBAHNUA MOIYJIg 130 IIEepPEMEXEHNA OUTOB
accouMmupoBaHue Mexny OouraMm konosoro LDPC-ciioBa wm Ouramu,
KOIOMPOBAaHHEIMM I[IOCPENCTBOM CO3BesOus, I[OBHUAETCs, [NOIPUMBOLOS K
[IOBHIIEHHOM IPOMBBOOUTEILHOCTHA IPUEMHOTO YyCTpOMCTRaA.
[IPOMBBOOUTEJIEHOCTEL TUMIMYHO M3MEpdeTCsS C UCINONb30BAHMEM YaCTOTH
ommbOoOK 1o Ouram (B majnpHeMmeM B STOM IOoKyMeHTe, BER) B kauecTBe
OYHKLIMM  OT OTHOWEHUSA "curHan-mym" (B pmaJpHeMmeM B 2TOM
ookyMeHTe, SNR) .

[0024] BUTH  KOIDOBOTO LDPC-crioBa oTNIMYanTCHd, T JIaBHBIM
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ofpaszoM, OO 3HAYMMOCTM, NOCKOJIbBKY He BCe OMTEH 0043aTeJIbHO
BOBJIEUEHE B MISHTUUYHOE UMCJIO OMTOB KOHTPOJIA I[IO dYeTHOCTu. UeMm
foJjibmie OUTOB KOHTPOJIA IO UYETHOCTHU (KOHTPOJILHEX y3JIOB) , B
KOTOPEIE BOBJIEUEH IMaHHEM OUT KOOOBOTO CJIOBaA ([IEpPeMeHHHM Yy3el),
TeM OoJiee BAaXHHM HOAHHHM OMT KOIOBOT'O CJIOBa HaxOOUTCI B
nrepaTvBHOM mnpouecce LDPC-pmexkoomMpoOBaHMA. HONOJHUTEJBbHAA IPUUMHA
COCTOMT B TOM, UYUTO KAaXIHM U3 IIePEeMEeHHBX Y3JIOB UMEeT Pas3jIMUHYI
CBSA3aHHOCTBL C LukJaMu rpada TaxHepa, npencrasiaaomero LDPC-KOXIEL.
CiremoBaTeJsIbHO, OMTH KOIOOBOI'O CJIOBA, BEPOATHO, IOOJIKHEL OTJIMUATHLCH
IO 3BHAYUMMOCTHM, XOTH U BOBRJEYEHE B MISHTUMUHOE dYUCIJIO OUTOB
KOHTPOJIA IIO0 UYETHOCTM. OTU UIeM XOPOWO IMOHMMAKTCSI B JaHHOMU
objacTtu TexHuMKM. Kak [OpaBuio, ZHAUMMOCTE I[IE€PEMEHHEX Y3JIOB
BO3pacTaeT IO MEpEe TOro, KaK YBEJIMYMBAETCS UYUMCIJIO KOHTPOJIbHEIX
Y3JI0B, COEIMHEHHBIX C HUMU.

[0025] B ocoboMm ciayuae QC-LDPC-x0j0B BCce OMTH, BKJIOUSHHBE
B LMKIMUYeCKuM OJjiok @ OMTOBR, MMEnT HWISHTUYHOE UMCJIO OUTOB
KOHTPOJISA I[10 UYeTHOCTM, IIPUMMEeHSEeMBIXx K HUM, ¥ ¥MenT UISHTUUYHYI
CBSA3AHHOCTE C UukJamMu Ipada TaHHepa. TaxkuMm obpaszoM, BCce OUTH
VMEeT WIEeHTUUHYI SBHaUVMMOCTD.

[0026] AHAJIOI'MYHO, KOIMPOBAHHEE OWTHE CO3BE3IUS, KakK MWUMPOKO
VMBBECTHO, MMEIT pas3HbHEe YPOBHM YyCTOMUMBOCTM. Hamnpumep, co3Be3nue
KBaApaTypPHOM  aMIJIMTYIHOW  MOIYJISLINM (B majpHeMymemM B 2 3TOM
JOKyMeHTEe, QAM) cocTouT nus3 IBYX HEe3aBMCHUMBIX CUMBOJIOB
AMIIJIUTYIHO-VMIIYJIbCHOY MOOYJAUMM (B IaJIbHEMIeM B 3TOM JIOKYMEeHTe,
PAM), nmnpuyeM OIMH CHMMBOJ COOTBETCTBYET BEIEeCTBEHHOM uacTu, a
OIPYTOM CHMMBOJI COOTBETCTBYET MHMMOM uYacTu. Kaxnem M3 OByx PAM-
CMMBOJIOB KomupyeT M 6Guror. Our. 6 nokaseeaeT 8 PAM-CHMMBOJIOB C
VICIIOJIE30BaHMEM KOIOMPOBAHMA Tpes. Kak rIoKasaHo, OUTHI,
KOOMpPOBaHHEIE B KaxigoM PAM-CcHMMBOJIE, BapbUPYRTCHA C TOUYKM 3PEeHUA
YPOBHSA YCTOVUUBOCTU . OTnnune o YCTOUUMBOCTHU ABJIAETCHA
PEBYJILTATOM PaABJINYUA PacCcTOSHUA MexXxny — IBYyMS nonHabopamu,
3aZaHHBEIMM [IOCPelCTBOM Kaxmoro oOura (HanpuMmep, 0 wnium 1), nuas
Kaxnmoro mu3 6O6uToB. UeMm OoJsiblle paccToAaHMe, TeM OoJjiee YCTOMUMBEIM U
HaIeXHeM dgpjageTrcsg Oour. Odur. 6 yKaseppaeT, uTo 6T b3 uMeeT
HamuboJpWMM yPOBEHL YCTOWUMBOCTH, TOTODa kak ©omT bl umMmMeerT

HaVMEHBIIMIM YPOBEHbL YCTOMUMBOCTHU.
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[0027] Taxmm obpasoMm, 16-QAM-coszBe3nMe KOIUMPYET UYETEpPE
fuTa M wMMeeT IBa YPORBHSA YCTOMUMBOCTM. Kpome Toro, 64-QAM-
Co3Be3IMe KOOMPYEeT WeCTb OUTOB U MMEeT TPU YPOBHS YCTOMUMBOCTHU.
AnasnorunyHo, 256-QAM-co3BesIMe KOOUPYEeT BOCeMb OMTOB M MMEeeT
YeTHpEe YPOBHS YCTOMUUBOCTM.

[0028] Ilajmee B HaACTOLIIeM OIMCAHUM MCIOJLIYITCS CJelylime
rnapaMeTpPH .

[0029] Lukauueckur xo3¢0duumeHT: Q=8

YMcJIo LUKIMUECKUMX OJIOKOB Ha kKaxmoe komopoe LDPC-CJoBO:
N=12

UmcJjio OMTOB Ha Kaxmoe cospezname: M=4 (r.e. 16-QAM)

C yuyeToM BHIIEYKA3aHHBIX I[IapaMeTpoB, UMCJIO CO3BEe3IOuM, B
KOTOPHE npeobpasyercs Kaxmgoe KOOOBOE LDPC-cioro, PaBHO
OxN/M=24. TurnmuyHo, rnapamMerpsl Q ¥ N BHOMpawoTcs Taxk, uYTo QxN
PaBHO KpaTHOMY M mIJjigd BCeX CO3BE3IOUM, IOIIePXMBaAEMHX 10CPEeICTBOM
CHUICTEMH .

[0030] dur. 7 ABJISAETCH BIIOK—-CXeMOou, ITOKAaIKIBANIEN
KOHOUTYPALMID TUIIMUHOTO MOIOYJIA IepeMexXeHMs, KoTIa IIPpVMMeHdITCHd
BBHIIEyKa3aHHEE TIapamMeTprl. Ha our. 7, 12 ugukjiInyeckmux OJIOKOB
riomevanrca QBl, ..., QBl2, wm 24 cozBesnus rnomeuawnrcsa Cl, ...,
C24. Momyne 710 mnepemexeHus OMTOB repemMexaeT 96 OMTOB KOIOBOTO
LDPC-ciioBa.

[0031] TpaIMUMOHHEM MOIYJIL IIepeMexeHus OMTOB M3BECTEeH U3
DVB-T2-cTaHmapTa (cm. ETSI EN 302 755) . DVB-T2-cTaHmapT
aBjgeTcs TeJIEBU3IMOHHBIM CTaHIapTOoM, IpencTaBJISonM
YCOBEPIWEHCTBOBAHMSA 10 CpaBHeHU ¢ DVB-T-cTaHOapToOM, M OIMCHBaeT

fazoBYyHn CHCTeMy Iepelauy BTOPOIO IMNOKOJEeHMS IOJd ULUubpoBOMU

TeJIEBU3UOHHON WMPOKOBEAaTEIIEHON nepenayun. DVB-T2-cTaHIapT
npenocTaBJsaeT NOoIPOOHOCTHU KacaTeJIbHO CHUCTEMEL KaHaJIbHOT'O
KOOMPOBAHUI " MOIYJIALUN IJIs YyCayT MPOKOBEMATEJIEHOTO

TeJleBUIeHUd M OOMMX IaHHEBIX.

[0032] ouUr. 8A aBRJIgeTCd OJIOK—-CXeMOM, TTOKAa3EBAaKIeN
CTPYKTYPY MOIOYJATOpa, WCIOJIb3yeMoro B DVB-T2-craHzapTe (T.e.
DVB-T2-MonyJsaTopa) . DVB-T2-MOIOYyJIATOP 800 BKJIIOUaeT B cebs
npoueccop 810 BxomHOTO cuIHaja, BICM-xomep 820, xomnoHoBmMK 830

xanpoB u OFDM-dopmupomaTesb 840.
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[0033] Mpoueccop 810 BXOODHOT'O CUI'HAaJla Hpeobpas’zyeT BXOIHOU
IOTOK OMTOB B OJIOKM [IPEeOBaAPUTEJILHO OIIpelesjieHHOM IiuHel., BICM-
KOIep 820 IPVIMEHLAET BICM-00paboTKy K BXOIOHOMY CUTHAaJYy.
Komnonormmk 830 xaIpOB MCHOJbL3YeT BXOIHOM CMI'Haj M3 BICM-xonmepa
820 m T.m., 4YTOOH QOPMMPOBATL pPAaCHpPedeJIeHHY CTPYKTYPYy Kanpa B
DVB-T2-popmaTe. OFDM-dopmmupoaTensb 840 BrHIOOJIHAeT pobaBJIeHUE
OUJIOTHBEIX CMITHAJIOB, I[PpUMeHeHue OBHCTPpOro npeobpazoranua Odypee,
BCTAaBKY 3allMTHEIX MHTEPBAJIOB ¥ T.II. IJS PaCOPeIesJIEHHOM CTPYKTYPH
Kampa, a 3aTeM BHBOIUT IllepemaBaeMul curHajn B DVB-T2-dopmaTe.

[0034] BICM, wucnomb3yemut B DVB-T2-cTaHmapTe, ONMCHBAETCS
B IJlaBe 6 cTaHmapTa ETSI EN 302 755. Bromleyka3aHHBEM CTaHIAPT
COOEPXUTCS B IOAHHOM IOOKYMEHTE IIO CCHIJIKE M IIOSCHEH HUXE.

[0035] duUT. 8B ABJIIeTCH BJIOK—-CXEeMOM, IOKa3bBanlen
CTPYKTYPY BICM-xonepa 820 B DVB-T2-MOomyJissTOope 800,
[MPOVJIJIIOCTPMPOBAHHOM Ha our. 8A. our. 8B onyckaeT BHemHee BCH-
KOIVMPOBAHME, ULUUKIIMUECKUV CIBUI' I10 I[IPUHLMITY CO3BEe3IMsa, MOIYJIb
[IepeMexeHms 10 sYyerkaM, MOIYJib IlepeMexeHMUs 10 BpeMeHM M T.II.

[0036] BICM-xomep 820 sxiwouaer B cebs LDPC-xomep 821,
MOIyJib IepeMexeHMus OMTOB (B CRBOD ouepelb, BKJoUawmmy B cebs
MOIYyJIb 822 TIepeMexeHMsa UYeTHOCTM M MOIOYyJib 823 IepeMexeHus
cTonBLUOB M CTPOK), IeMyJbTurjexkcop 824 w3 OUTOB B SYEUKU U
MOnyJsib 825 QAM-npeo®pasoBaHMSA.

[0037] LDPC-xomep 821 xomupyeT OJIOKM B KOJIOBHE CJIOBa C
ncrnoJyib3oBauveM LDPC-komoB. Monyiib TI[epeMexeHus OUTOB (KOTOPHM
BKJIOUAET B ceba MOomyJsb 822 [NepeMexeHMs UeTHOCTM M MOIyJb 823
epeMexeHmsa CTOJOLOB M CTPOK) BHIIOJIHAET IIepeMexeHue Iy OUTOB
KOIOBEIX CJIOB. LeMyJIbE TUILIIEKCOP 824 us BUTOB B AYEUKU
OeMyJIE TUILJIEKCHUPYEeT IepeMexeHHele OUWTE KOINOBEIX CJIOB B  CJIOBa
AYEVKHU (cnoBa co3Be3nusa) . Monyns 825 QAM-npeobpaszoBaHMUs
npeobpaszyeT CJOBa SUYEVKM (CJIOBa CO3BEe3OMA) B KOMIJIEKCHBE QAM-
CUMMBOJIEI. KowmmnjexcHele QAM-CHMMBONE Takke Haz3bBalnTCa "gduelkamMu".
PaKTUUECKM, IOeMyJIETHUILIEKCOP 824 u3 OUTOB B AUEVKM TaKXe MOXET
cCuMTaTbCa dYacTh MOIYJIS IepeMexeHua OMToB. B TakMx cCiaydasax
MOXeT cumMTaThLCH, YyTo BICM-xozmep, COOTBETCTRBYIIN DVB-T2-
CTaHIapTy, uMeeT 0a30BYKL CTPYKTYPY, INOKasaHHyKL Ha our. 1.

[0038] LDPC-xozH, UCIIOJbL3yEMBIE B DVB-T2-craHnmapre,
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apagoTca RA QC-LDPC-xomaMy, MMEKIMMM HUKJINYECKUN KO3QPULMEeHT
0=360. [Be zmnamHBI KOINOBHX CJIOB 3ajakTcsa znjua DVB-T2-cTanmapra,
OOoHa M3 KOTOPEIX cocTaBjadgeT 16200 ©OmToB, a Jdpyras COCTaBJIAeT
64800 ©OwmToB. B HacTodmeM »OokyMeHTe LDPC-KOIOE C MCHOOJIE30BaAHUEM
OJIMHEL KOXIOBHIX CJIOB 16200 OMTOR yYINOMMHAKTCS KaK KOOH B 16 KOUT
(i xaxk LDPC-xomer B 16 xkOur), a LDPC-kOomOe, uUMenlMe IJIMHY
KOIOOBHIX cJioB 64800 ©OmuTOB, YIOMMUHAKWTCS Kak KOIH B 64 xOur (Mam
kak LDPC-xomer B 64 xOuUT). UYMCJIO LIMKIMUECKMX OJIOKOB Ha Kaxinoe
KOJIOBOE CJIOBO cocTarBysgeT 45 mnsa xomor B 16 kbuT m 180 1myg KOIOB
B 04 kx6ur. JoCTYyIHEE KOIH, COOTBETCTBYHIIME KaXIOM IJMuHe OJioKa
(OMHE KOIOBEIX CJIOB), OpuBeneHel B Tabiamuax Al-A6 ETSI EN 302
755 pma DVB-T2-cTaHmapTa.

[0039] Momynp mnepeMexeHUs OUTOB MCIOJNL3YyeTCsS TOJIBKO IJis
cozBesnui, OOJBIIMX CO3BE3OUM KBaIpaTypHOM Gaz30BOM MaHUNYJISUUMU
(B mayipHeVmeM B 2TOM oKyMeHTe, QPSK), u BrJwuaeT B ceba MOIOYJIb
822 repeMexeHVs UYeTHOCTM, MOIyJib 823 IepeMexeHms CTOoJIOLUOB u
CTPOK M IeMyJIbTUuriiexkcop 824 u3z turor B guewkm. CorjtacHo DVB-T2-
CTaHIaAPTY, MOIyJIb  IlepeMexeHmus OuTOoR He  BKJouaeT B 2 cebd
neMyJib TUriiekcop 824 m3 OMTOB B Suerku. TeMmM He MeHee, HaCTOSIMN
IOKYMEHT CBS3aH C IepeMexeHueM B IpuMeHeHuu k LDPC-xomam 1o
npeobpaszoBaHmsa CO3Be3IMM. B CBA3M C 3TUM, JIeMyJibTUIJIEKCOop 824
n3 OuTOB B SUEMKM pacCMaTpPMBAaEeTCd B KayecTBEe YacTy MOIYJIS
repeMexeHmns OUTOB.

[0040] Moy b 822 nepeMexeHmns YeTHOCTHU BEIIIOJIHAET
[IepeCcCTaHoOBKY UYEeTHOCTM IJiIgs OWMTOB UYEeTHOCTM KaxXIoro KOIOBOIO
cyioBa, C TeM uYTOOH NPOSCHATBH €TI0 KBABSULUMKIMUECKYID CTPYKTYPY,
Kak onmcaHo Beme (cMm. dur. 4 um 5).

[0041] KoHUenTyaJIbHO, MOIOyJb 823 mnepeMexeHMs CTOJDLOB U
CTPOK paboTaeT HOCPEOCTBOM =2alucKu OMTOB KAXIOI'O KOZOBOT'O LDPC-
cjoBa 10 cToJyiflaM B 0 MATPUIE MOOYJsS I[IE€PEMEXEHMs, a B3aTeM
CUMTBEIBAHUA OMTOB [0 CTpokaMm. IlepprHM ©OuT kojororo LDPC-cioma
3anucHBaeTCsa I[IePBEM M CUMTHBAETCHS IIepBbBM. [lOoCTe 3alucu U IO
CUMTBEIBaAHMA OuTOB KomoBoro LDPC-crsora, MOOyJb 823 IepeMexXeHUd
CTOJIBLIOB 178 CTPOK LUMKIIMYECKU coBuraeT CTOJIOLEL OUTOB Ha
NpenBapuUTEesIbHO OIpeleJiIeHHOe  UMCJIO [HOBULMMA. 3T0 Has3HBBAETCHA

"zakpyumBaHmueM cToJybuor" B DVB-TZ2-cTaHmapTe. Ymcino Nc cToJabLOB
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n uywmcjo Nr CTPOK B MaTpulle MOOYJIA IIEpPEMEXEeHMA IIPpMBEeIeHO B
Tabauie 1 HJIA HeCKOJIBKMX ras3Mepor cozBe3amd COIJIaCHO OIBYM

BHIIEYKA3AHHEIM IJIMHAM KOIOBHIX LDPC-cCiioB.

[0042]
Ta6mmua 1
IJiMHa KOIOBEIX Paszmep dnucyio cToJsiIbLoB: Unciio crpok: Nr
LDPC-cJioB COo3Be3aUSA Nc
16200 16-QAM 8 2025
64-QAM 12 1350
256-0AM 8 2025
64800 16-0AM 8 8100
64-QAM 12 5400
256-0AM 16 4050

Uycsio Nc  cronfuos B IIBa pasa IlpeBsBollaeT dYucijo OuToB Ha
KaxIioe co3Be3ue, 3a MCKJIUeHMeM KOIoB B 16 kbur myg 256-QAM-
cosBesIMa. OTO MCKJIOUeHMe BOSHMKAaeT, IIOCKOJIBKY IJIMHA KOIOBHX
LDPC-ciyioB B 16200 He sapnsgerTcs KpaTHOM 16, T.e. He IIpeBHmaeT B
IBa pasa 4umMcJio OMTORB Ha kKaxmoe 256-QAM-cozBesnue.

[0043] [lpouecc 3zammucu OMTOB KOJOBBIX CJIOB M IIpoLeccC
CUMTBEIBaAHUA OMTOBR IJIS KOIOB B 16 KOMT, BHIIOJHSEMBE IIOCPEeICTBOM
MOIyJigs 823 mnepemMexeHus CTOJABLOB ¥ CTPOK, MNPOUJIJIOCTPUPOBAHE HAa
bur. 9A um 9B mns mBeHanuatu crosibuoB u Ha o¢ur. 10A m 10B mns
BOCBMM CTOJOLOB. Kaxoeli M3 HeOONbIMX KBAIPaAaTOB COOTBETCTBYET
OIOHOMY ouTy KOOOBOTO LDPC-cnioBa. 3aTeMHEeHHBIM KBpagparT
npencraBjsgeT IIepBHM OUT komoBoro LDPC-ciioBa. CTpPesiKM YyKa3BBAKT
Ha TMOpPAIOoK, B KOTOPOM OUTH BANUCHBAKTCS ¥ CUUTHBAKLTCS U3
MATPULE MOIYJId HNepeMexeHus. HanpuMep, Korzga MaTpulla MOIyJisd
MepeMexeHmnss VMeeT IBeHalllaTh CTOoNOLOB, OMTH KOIOBOTO CJIOBa KOOa
B 16 xOuT 3anmMcHBAaLOTCS B IIOpAnke, IOpMBeOeHHOM Ha our. 9A, a
MMeHHO (cTpoka 1, cTonben 1), (cTtpoka 2, crombeun 1), ...,
(cTrpoka 1350, cTonbeun 1), (crpoka 1, cTojbeu 2), ..., (cTpoka
1350, cTombeun 12), 3BaTeM CUMTHBAKLTCS B IIOpP4IOKe, I[IPMBEIeHHOM Ha
dur. 9B, a mmeHHO (cTpoka 1, cromsbeun 1), (crpoka 1, cromben 2),
ey (ctpoxka 1, cTomben 12), (ctpoka 2, cTonbeny 1), ...,

(cTtpoxka 1350, cronben 12). OQur. 9A, 9B, 10A m 10B =He



15

VMITIOCTPUPYT HOpouecc "3akpydmBaHUA" CTOJIOLOB.

[0044] Ho QAM-mpeoOpa30BaHMA OeMyJbTuiljiekcop 824 m3 OuTOB
B AUYEVKM IeMyJIbTUIIJIEKCUPYEeT koIorble LDPC-cjioBa, UYTOOH IOJydYaThb
MHOXECTBO IapaJulejIbHEX IIOTOKOB OMTOB. UMCIJIO NOTOKOB B IOBa pasa

NpeBHIlaeT YMCJIO M KOOMPOBAHHEIX OMTOB Ha Kaxzoe QAM-coseesnue,

T.e. 2xM, 3a wuckaoueHmeM LDPC-xomoB B 16 kbur musa 256-QAM-
coszBesgusa. Juaa LDPC-xomoB B 16 kbur pgna 256-QAM-cospesnud,
UMCJIO [OTOKOB PAaBHO UMCHy M KOOMPOBAHHEIX OMTOR Ha kaxnoe QAM-
cozBesnMe. M KOIMPOBAHHHX OMTOB Ha KaxIoe CO3BesIMue YIOMMHAKTCH
KaK OIOHO CJIOBO AYerkKu (CJIoBO cospes3gua). g LDPC-xomoB B 16
KOUT UMCJIO CJIOB HAYEeVKM Ha Kaxnoe KOIOBOE CJIOBO COCTaBJIsSeT
16200/M, xak OpeIncTaBJIEHO HUXE.

[0045] 8100 gueex mnas QPSK,

4050 gueex mig 16-QAM,

2700 gueex nyusa 64-QAM, wu

2025 gaueexk miysa 256-QAM.

CorvtacHo Tabiuue 1, T[IpUBEIEeHHOM BHUIIE, UMCJIO IlapalijielibHEX
[IOTOKOB PaBHO UMCIy CTOJIOLOB B MOIyJje IepeMexXeHMs CTOJIOLOB U
CTPOK JUia co3Besznuy, Oornbumx QPSK. JIeMyJibTUIIJIEKCOPE M3 OUTOBR B
adeviky, coorBeTcTByomme 16-QAM-cozpeznmsaM, 64-QAM-co3Be3IMSAM U
256-QAM-cozBezausaM najas LDPC-xomnor B 16 xOuT, COOTBETCTBEHHO,
rmokasaHel Ha o¢wmr. 11, 12 u 13. VcnomneblyeMas cucreMa oOOO03HAUEHUM
OUTOB ABJISAETCS CUCTeMoM ODO3HAUEeHMY CcorJiacHo DVB-T2-craHnapTy .

[00406] Kaxk 1okazaHo Ha oour. 11 (v  our. 12 wm 13),
OIeMyJIb THUIIJIEKCOop 824 m3 OMTOB B SUYeMKM BKJOUaeT B cebs npocTom
memyJasTuigiexkcop 1110 (raxxe 12106, 1310) m wmomymnp 1120 (Takxe
1220, 1320) nepecTaHOBKU IOCJE IOEMYJIbTUIIEKCHUPOBaHUSA.

[0047] B IOOIOJIHEHUE K MHCTPYKTUPOBAHUD IPOCTOMY
mDeMyJbTumjiexkcopy 1110 (1210, 1310) npocTo IeMyJibTUIIJIEKCUPOBATH
KOJOBEIE LDPC-ciioBa, K KOTOPBIM IPVYIMEHEHO repeMexeHme,
oeMyJisTUiekcop 824 w3 OMTOB B dUEMKM TaKXe UMHCTPYKTUPYET
mMonmyJio 1120 nmnepecTaHOBKM IIOCJe IeMyJbTUILJIeKcUpoBauusa (1220,
1320) BBIMIOJIHATH IepeCcTaHOBKY g IeEMYJIE TUIIJIEKCUPOBAHHEIX
rnapaJjijlesyibHEIX IOTOKOB OMTOB.

[0048] Tem He MeHee, KOT'Ia MCIOAL3YETCS MONYJb [IepeMeXeHUs
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CTOJNIOLOR M CTPOK (T.e. @nnua 16-QAM-coz3resnuy wiau OoJibue) ,
[IepeCcTaHOBKa, [pUMeHseMas K I[IO0TokKaM OUTOB, SABJISETCH MISHTUUHOM
[IepeCcTaHOBKE, IpUMEHSAEeMOMU K crosbuaMm MOy JiA IepeMexXeHm s
CTOJIOLOB M CTPOK, BCJIEICTBME PaBEHCTBA UYMCJIa [IapaJjljleJibHBIX
I[IOTOKOR OUTOB UMCJY CTOJOLOB. ClenoBaTeslbHO, IIepecTaHOBKA,
BEIIOJIHSAEMAas NOCPEINCTBOM IeMyJbTuljiekcopa 824 m3 OMTOB B SAYEMKH,
paccMaTpuBaeTCsa B KaueCTBEe YaCTM MONYJIS IlepeMexeHus OUTOB.

[0049] Monyne mnepemMexeHmus OUTOB, MUCIOJb3yeMelr B DVB-T2-
cCTaHImapTe, IO CYWeCTBY, MMeeT IBe IPOoOJIEMEH.

[0050] TIepmBas mnpobjema COCTOMT B TOM, UTO IIapajljiesus3Mm
HapyliaeTcsda, KOI'Oa UYMCIIO LUMKINYECKMxX OJIOKOB B KOoHoeoM LDPC-ciose
He gBJIgeTCs KPaTHHEM YMCIy CTOJIOLIOB B MaTpHUlle MOOYJIS [IepeMeXeHUS
OUTOB. YMEHBIIEHHHM MNapaJjulesiM3M IPUBOIUT K YBEJWUEHHOMY BPEMEeHU
3alepXK. OJOTO ABJgeTcd, B 2 4acCTHOCTHM, NIpobJeMaTHuyHBEM, KOI'Ia
nrepaTmuBHOE BICM-nexonmpoBaHme MCIIOJILE3yercHd [IoCperCcTBOM
IMPMEMHOT'O yCTPOMCTRBa. OITOT CJydyay BO3HMKAET IS HEeCKOJIbBKUX
KOMOMHAUMM IJIMHBEL KOIOBEX LDPC-crnor m paszMmepa co3Be3nus B DVB-
T2-crTaHnmapre.

[0051] dmr. 14 um 15 wWUNOCTPUPYIT BhIIEYyKA3aAHHYID CUTYyalMIo
nis  cinydaer, LDPC-xoma B 16 xO6MT, B KOTOPHX MaTpuua MOOYJiS
[IepeMexeHsa MMeeT BOCEeMb I IBeHAaIlUaTb CTOJIOLOB, COOTBETCTBEHHO.
BoceMmb CTOJNOLOB MCIOJB3YITCS B MaTpULE MOIOYJIA I[IepeMeXeHUS OJid
16-QAM-co3Be3UM u 2560-QAM-co3BEe3OUM. IeseHanuaThb cTOoJNBLIOB
MCIOJIE3YITCS B MaTpHulle MOIYJIa nepeMexeHms ajsa 64-QAM-Cco3Be3nui.
Ha o¢ur. 14 wu 15, ceTka InOpencrasjgseT konoroe LDPC-ciioro,
HeoJsbuye KBaApaThl OPeICcCTaBJIdnT oamH Our xomosoro LDPC-cioma,
CTPOKHU COOTBETCTBYIIOT LUMKIIMYE CKUM tjoxawm, n CTOJIOLE
COOTBETCTBYIT OMTaM C MUISHTUUHEIM OUTOBBM MHIOEKCOM B LUKJIIMUECKOM
OJjioke. 3aTeMHeHHBIEe KBAaIpPaTH NPEICTABJSIT BOCBEMOM ¥ IBeHAaNllaTelM
OUTEL [NEePBOM CTPOKM B MaTpMlIe MOIYJA IepeMexeHuda. IOJIsa OPOCTOTE
IIOHMMaHMS UYMCJO OMTOB Ha KaxXIHM LIMKIMUeCKMY OJIOK YMEHBIIEHO C
360 mo 72. TeMm He MeHee, BDTO He BJIIMAET Ha IIOHMMAaHHMeE.

[0052] Bropasa npobjema COCTOMT B TOM, dYTO B DVB-T2-
CTaHOApPTe UYMCJIO BO3MOXHEIX KOHOUTYypalMM MOIyJig IIepeMexeHusa OUTOB
OTpaHMUMBaETCad [NOCPENCTBOM UMCJa CTOJOLOB B MaTpule MOIOyJsd

rnepeMexeHusd OUTOB.
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[0053] JonomHuTenbHas nOpodJjieMa MOIOYyJd HNepeMexeHUs OMTOB O
craHmapTy DVB-T2 COCTOMT B TOM, YTO PEeIyJSAPHOCTbL U [Iapajljlelin3M
[IEPEeCTAaHOBKYM HapylwawnTcd IIOCPenCcTBOM npouecca "saxpydusaHua"
cronbuor. dur. 16 m 17, COOTBETCTBEHHO, WUINCTPUPYT Ciydawu,
MOeHTUUHEEe cJaydasm our. 14 wu 15, ¢ nobamBjeHMeM I[Ipoliecca
"zakpyumBaHuA" croJsdOuosB. Korma MaTpMla MOOYJISA IIepeMeXeHMA MMeeT
BOCEMb CTONOLIOB oJisa LDPC-xoIoB B 16 KOuT, 3HAUEHUSA
"zakpyumBaHMA" CTOJIOLOB IJiA CTOJOLOB MOOYJA IIepeMeXeHUs OUTOB
no craHmapty DVB-T2 npencraradgawoTr cotom (0, O, O, 1, 7, 20, 20,
21) . AHAJIOTWYHO, KoTma MaTrpuia MOOYyJsa  IepeMexXeHMs  MMeeT
IOBEeHaOllaThb CTOJNOLOBR  OJ4 LDPC-x0omoB B 16 xkOuT, 3HAUEHUS
"sakpyumBaHMA" CTOJIOLOB IJIsg CTOJOLOB MONYJS IIepeMeXeHUs OUTOB
no craHmapTy DVB-T2 npencrasngwor codom (0, 0, 0, 2, 2, 2, 3, 3,
3, 6, 7, 7).

[0054] CoormeTcTBEeHHO, TpedyeTcs MOIYJib IepeMexeHus OuTosB,
KOTOPEIM yMeHbIlaeT BpeMs 3allepPXKy [1p¥ I[IOBBIEeHUN IapaJlljielinszMa .
STy CBOMCTBA SBJIAKNTCS, B UYaCTHOCTM, BaXHLMU IIPU MUTEPaATUBHOM
BICM-nexoImMpoOBaHUN .

[0055] VBHCKAHUA PA3BPABOTUMKA

ABTOD n3obpeTeHus BEISSCHWJI, B KadvyecTBe pesyJibTaTa
OJIMTEJIBHOTO BSKCIIEPUMEHTUPORBAHNUSA, YTO MOIIYJIb IepeMexeHud,
YIIOBJIETBOP SO CcIle oy oM IBYM YCJIOBUAM, ABJIAETCSH OUEeHb
20beKTURHBIM .

[0056] YCJIOBUE 1

Kaxnemi m3 M OMTOB KaxIOoro Cco3Besnus npeobpas’zyeTcsa B OIMH
M3 M pasIMyHBEIX LUUKIMYEeCKMX OJIokoB kKonosoro LDPC-croBa. 3TO
ABJIAETCHA SKBUBAJICHTHEIM npeobpas0BaHn OIOHOTO ouTa us M
PAa3JIMUYHEIX LUKJINYECKUX OJIOKOB KOZoBoTo LDPC-cjioBa B CJOBO
co3Be3IMag. ITO CXEeMAaTHUHO NPOMJINIICTPUPOBAHO Ha our. 18A.

[0057] YCJOBME 2

Bce crnoBa co3Be3snuda, nOpeobpasopaHHele B M UUMKIMYECKUX
BJIOKOB, MNpeobpas’zylnTcsd TOJBKO B STOT KOHKPETHBEM LMKINIECKUU
OJIOK. JTO HABJISETCS BKBMBAJIEHTHEM NIpeoOpaz30BaHMI Bcex MxQ OMTOB
M pasnMuHBX LIUKIMYECKMX OJIOKOB, KaxXIbll M3 KOTOPBIX COCTOUT U3 Q
BMTOB, TOYHO B Q CO3Be3IUNM. 3TO CXEeMATUUHO MNPOMJIJIOCTPUPOBAHO Ha

dur. 18B.
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[0058] BruneykazaHHHE YCJOBMA HOOPal’yMeBRaklnT, dYTO TOYHO
CO3BEe3IUN NpeolfpasylTCsa B KaXIpM HAOOPp M3 M LUMKIMYEeCKMX OJIOKOB.

[0059] [IEPBHI BAPVAHT OCYHECTBIJIEHUA

Jlajilee ONMCHBAKRTCHA NOOPOOHOCTM MOOYJIA I[epeMexeHusaA OUTOB
(T.e. MOOYJIS napajjeybHOTO IepeMexeHms OunTOB) , KOTOPHIM
YIOOBJIETBOPSAET YCJIJIOBUSAM 1 u 2, nIpencTaBJIeHHBIM BHIIE . B
HIDKEIPMBENEHHOM ONMCAaHMM, €CJaM IIPpMMEeHMMO, o00pafoTka M MOIYJH,
BEIIIOJIHAOIME Takyw o00paboTKy, IIOMEUAKnTCS WMISHTUUHBEIMM CCBJIKAMMU C
HOMEePaMu .

[0060] B HaCTOSIEM OOKYyMeHTe, Kaxoas Tpynna nus M
UUKJINMUECKUX OJIOKOB ¥ Kaxiasa Tpynna Q CJOB CO3Be3nMsa YIOMMHAEeTCH
KakK CeKUMs (MM Kak CeKUMsa MOOYJIS TepeMexeHMs) .

[0061l] Qur. 19 m 20 aBagaowTca OBJI0OK-CXeMaMM, COOTBETCTBEHHO,
VILITIOC TOMP Y IOIVMM bYHKLMIO nmpeobpazopanns MO Y JISI rnepeMexeHms
BuTOoB, YIOBJIETBOPSWNIETO YCJOBMAM 1 ¥ 2 ¥ COOTBETCTBYKIEI'O
BHIIEYKa3aHHEIM TIapamerpam (r.e. =8, M=4, N=12), u IIPUMEPHYIO
KOHOUT'YpaALMIO IJIS TaxoIr'o MOIYJis IepeMeXxXeHus OUTOB.

[0062] Ha our. 19 um 20, komoeee QC-LDPC-cJjioBa COCTOSAT U3
N=12 umkInMuecKkmx OJIOKOB, KAaXIHM M3 KOTOPHEX, B CBOK OUepelb,
cocTouT M3 Q=8 OurToB. Kaxmoe mz 24 CJIOB CO3BEe3IOMI COCTOUT U3
M=4 6uror. Kaxioe CJOBO CO3Be3IMd yKazbpBaeT oIHy mu3 2M=16 Touex
cozpesnamd. MonyJib rnepemexenuss OuTOB pasmensercs Ha N/M=3
cexuum. 24 CJIOBa COBBeBIMS ACCOLUMMPYITCS C OOHOM U3 TpexX
CeKuun.

[0063] Monynp 2000 nepemexenmus OMTOB BKjwouaeT B cebsa
MonyJsis 2010 nepecTaHoBkUM OMTOB, KOTOPHM, B CBOKO Oouepelb,
BrJOUaeT B cebg N/M (=3) monyment 2021, 2022 wm 2023 nepecTaHOBKU
CeKLMM, KaxIbel M3 KOTOPHEX paboTaeT HeszaBuUCHMMO. TeM He MeHee,
BMECTO npenoCTaBJIEHUS Tpex MoOIyJieu IEPECTAHOBKU cexuuu,
HanpmuMmep, MOXEeT IPenoCTaBJIATLECS OOMH  MOIOYJIb IepeCcTaHOBKU
CeklumMy, C TeM UTOOB BHIIOJHATL TPM IOpollecca NepecTaHOBKM CeKLUY,
OnNuCaHHBE HMXEe, C IepekJIoUeHMeM MexXIy HMMM BO BPEMEHMU.

[0064] Kaxmemt m3 momyJsenm (2021, 2022 mu 2023) nepecTaHOBKU
CeKlMY He3aBMCUMO BHIIOJIHAET IIe€peCTaHOBKY Ccekuuy nJjsa 32 OuToB,
COCTaBJAKIMX KaxXIbM M3 4 LUMKIMUECKMX OJIOKOB, TaK YTO OOMH OuUT

M3 KaxXIblX YeTepex LIUKIMYeCKMxX OJI0okoB (T.e. QB1-0B4, QOB5-QB8 wu
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QOB9-0QBR12) npeobpaszyeTcsa B 2 KaAXOyw IpPynny #M3 BOCBMM  CJIOB
cosBezguad (r.e. Cl-C8, C9-Clo m C1l7-C24).

[0065] VYcnorma 1 m 2, omnmcaHHBEE BHHIe, obecrnedmBamnT TO, UYTO
MOIYJIb IepeMexeHus OUTOB MOXeT NeJuThbca Ha N/M  napaJsijiesibHBX
CeKum. [lepeCcTaHOBKU cexkumm, IpYMeHAeMbEe K rnapaJijiesib HElM
CeKUMsaM, MOTYyT INIPMMEHSATb MIOSHTUUHHE [IPpaBuUila [NepPeCTaHOBKM, MOTYT
IPMMEHATE PAa3JIMUHBIE [IPABUIIA [IePEeCTAHOBKM MJIM MOTYT 3aKJIoUaTh B
cebe nonHadop CexKLuM, IPVIME H STIOMM X UISHTUUHBIE npaBuiia
MepecTaHOBKM, TOTJa KaK IPYyIVe MNPMMEHSIT OTJIMUHEE .

[00606] Hanpuwmep, MOIYJIN IepecTaHOBKHU CeKLun MOTYT

npeofpasz30BEBaATE Q OMTOBR LIUKIMYUECKOTO OJioka (KaxXOelM M3 KOTOPBIX

VIMEET UIOCHTUUHYK 3BHAUMMOCTE B LDPC-mexKOZMpPOBAHUM) B OWUTH,
YMEepIlie UISHTUUYHEL OUTOBHM MWHISKC (T.e. wvMenmMe WISHTUUHBIM
YPOBEHDb YCTOMUMBOCTH) B 0 CJIOB cosBes3Ims. g KaxIoro

LUMKIIMYEeCKOI'O OJioka Q OMTOB MOI'YyT OBITE B IIOCJIEIOBATEJIBHOM WMJIM B
rrepecTaBJIeHHOM TIOPSIKe. BTOPOM Ciliydyay OIIMCHEHBAaEeTCH CO CCHBUJIKOM Ha
bur. 21A u 21B, Torma Kak II€PBBM CJIydyal OIIMCBEIBA€TCS CO CCHUJIKOM
Ha our. 22A u 22B.

[0067] dur. 21A CTPYKTYPHO WMIIOCTPUpyeT MOIyJIlb
[IepecTaHoBkM cerumm rno omur. 20.

[0068] Momysne 2101 mnepecTaHOBKM CEeKLMM BKjodyaeT B cedda

Momysm 2111-2114 BHYTPEHHEWN II€PeCTaHOBKM UUKINYECKUX OJIOKOB U

MOIYJIb 2131 [IepeCcTaHOBKU CcTOJNIOLLOB u CTPOK. BmecTO
IperoCTaBRJIeHNS yeTHpexX MOIyJIeMn BHYTPEHHEN IIepeCcTaHOBKM
UUKIIMYECKUX BJIOKOB, HarpuMmep, OIIMH MOIIYJIb BHYTPEHHEN

nepeCTrTaHOBKM IMKIJIIMYEe CKUX OJIOKOB MOXeT nIpeaoCTaRJIATECHA n
BEIIIOJIHATE UYWeTBIpE IIpoLecca BHYTpeHHeﬁ IIepeCTaHOBKM LIUKIIMYUECKUX

6HOKOB, OIIMCAaHHEIE IIO30HEEE, C IIepeKJINYEeHNEM MEeXITy HVIMIM BO

BpEeMEeHH.

[0069] Kax e us MoIyJien (2111-2114) BHYTPEeHHEeN
[IepecTaHOBKU LUMKINYECKUXK OJIOKORB BEIMIOJIHAET BHYTPEHHII
[IEPECTAHOBKY LMKIMYUECKUX  OJIOKOB ong O-BUTOBHX (8—OUTOBREIX)
LIUKINYECKUX HJIOKOB (OB1-0B4) . BryrpeHHMNe IepeCTaHOBKMU

IMKIIMYECKUX 6HOKOB, InpruMeHsaeMble K IIUMKIIMYEeCKUM fJlokaM B Kaxiou
CeKliuMm, MOT'yT IIPUMMEHATLH MIEHTUUHLEIE IIpaiBujla IIepeCTaHOBKM, MOI'YT

KaXIbIn IIPVIMEHATD raz3JjinM4dHBIe npaBuia nepeCTaHOBKYU VI MOTYT
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BaKyo4aTse B 2 cefe nonHabop CeKUuy, —IIPMMEHSDIMX  MIOSHTWYHBE
npabBuila I[IepeCcTaHOBKM, TorI'Za KaK JIpyIue [OIPUMMEHST OTJIMUHEE
npaesuia.

[0070] Momysne 2131 nepeCTaHOBKM CTOJNOLOB M CTPOK BEHIIOJHAET
[IEpPeCTaHOBKY CTOJOLUOB ¥ CTPOK IJ8 KaxIoM TPYINH K3 MxQ (=32)
OuTOoB. B wYWACTHOCTHM, MOOyJb 2131 NepecTaHOBKM CTOJIOLOB UM CTPOK
3anmucHBaeT MxQ OMTOBR IO CTpokaM B MaTpuuy MxQ (8x4), a sBarem

cuMTEIBaeT MXQ OMTOB 1O cToJsbuaM M3 Hee, Ba CcdeT STOT'0 IPMMEHSH
IEPEeCTaHOBKY CTOJIOLOB M CTPOK. llepecraHorka CTonBLUOB M CTPOK,
npuMeHseMass TIocperncTeoM Monayngs 2131 rnepecTaHOBKM CTOJIOLIOB U
CTPOK, HalOMMHAET IepecTaHOoBKY, IIpUMeHsSeMyln Kk wMaTpulle 12x1350,
rnoxkasaHHom Ha our. 9A m 9B, B KOTOPOM WUCIOJBIYITCS Q CTOJNOLOB U
M cTpok, mnpouecc 3anmMcu OocylecTBJgeTcsa 110 cTonbluaMm, a IIpolecc
CUMTHIBAHMS OCYILECTBJISETCSH 10 CTPOKaM.

[0071] Omr. 21B gaBJasgeTCS CTPYKTYPHBEIM [IpelCcTaBJIEHMEeM MOIYJIS
[IepecTaHoOBKM CeKUMuM, IloKasaHHoro Ha owr. 21A. Ha our. 21B,
Kaxunoe m3 cJoB coseesnua M=4 Oura obosHauaercsa bl-b4.

[0072] Tem He MeHee, TakKxXe BeposATeH BapMaHT, B KOTOPOM
[IPOLIECC BHYTPEHHEeM IIepPeCTaHOBKM LIMKIMJIeCKUX OJIOKOB He ABJIgeTCs
YacTh0 Npollecca IIepeCTaHOBKM CeKLUM.

[0073] Hanpumep, IMHNepecTaHOBKA CeKUWM, peajnM30BaHHasas 0e3
BEIIIOJIHEHMSA  BHYTPEHHEM IIE€PECTaHOBKM  LUKJINUECKMX  OJIOKOB, u
CTPYKTYypa NpeofpazoBaHUA INOCPENCTBOM MOIYJiA IePeCTaHOBKMU CeKLUM
rnokaszsaHel Ha oGur. 22A u 22B. Momgynb IepecTaHOBKM cekumy 2201
BKJIDUaeT B cebs Momysnb 2131 mnNepecTaHOBKM CTOJOLOB M CTPOK U
BEIMIOJIHAET MHNPOCTYKH IEepPeCcTaHOBKY CTONOIOBR M CcTpox. Ha o¢wr. 22B,
Kaxmoe M3 CJOoB coslsesnusa M=4 Oura obosHauaeTrcsa bl-b4.

[0074] IepecTaHOBKa CeKLMUM, OIMcaHHaa Ha our. 21A, 21B,
22A um 22B, MOXeT IMNPMMEHATHCA K LMKIMYEeCKMM OjgoxamM QB5-QB8 wu
QB9-0OR12.

[0075] [IperMylleCTBEHHO, OOINOJIHUTENIbHAa S IepecTaHoOBKA
IUKIMYECKMX OJIOKOB MOXET IMNPUMMEHATHCS K N LMKIAMYUECKMX OJIOKOB IO
TOTO, KaK MOIyJlb II€peMexeHus OMTOR BEIIOJHAET [I€PECTaHOBKY
cexumy. Our. 23 ABJISETCHI CTPYKTYPHOM CXEMOM HOOIOJIHUTEJIbHOMU

NnepeCTaHOBKM LHUKIIMYECKUX GHOKOB, HpMMeHHeMOﬁ InocpenCTeBOM MOIOYJIA
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rnepeMexeHus OUTOB. B 2TOM KOHTEKCTE, I[IePeCTaHOBKA LIUKJINUECKUX
OJIOKOBR MI'PAeT POJIb, aHaJIOTMUHYK POJIM I[Ie€PEeCTAaHOBKM, BHIIOJIHAEMOMN
IIOCPEenCTBOM IeMyJlbTUIIJIeKcopa U3 OUMTOB B guerku B DVB-T2-
craHmapre.

[0076] Momynbp 2300 nepemMexeHUs OMTOBR, I[IOKalsaHHBM Ha OGur.
23, BrJodYaeT B ceba Momysb 2310 HNepeCTaHOBKM LUKIMUECKUX OJIOKOB
n Momysnb 2010 mnepecTaHoBkM OUTOB (KOTOPEIM, B CBOK ouepenb,
BrJIOUaeT B cebsa momyym 2021-2023 nepecTaHOBKM CEKLMUM) .

[0077] MonoyJiib 2310 IepecTaHOBKU LUKJINYECKUX OJIOKOB
BBIIIOJIHAET [IepPEeCTaHOBKU 2311-2318 LUMKJINYECKMX OJIOKOB IJI
LHUKJINMUeCKMUMxX OJokoB QB1-QB12. 3@mechb, nepecraHopku 2311-2318
UUKJIMUECKUX OJIOKOB CJIEeOYRT MISHTWUHEIM NPaBUJiaM IepeCTaHOBKMN.

[0078] IlepecTaHOBKAa LUUKIMUeCKMX OJIOKOB, BHIIOJHAeMas nOja N
UMKIINYECKUX OJIOKOB, SABJISETCSH, B YACTHOCTH, IIPEMMYHIECTBEHHOM IIpKu
obecrieueHmU ONTUMMUIVPOBAHHOT'O IpeobpasoBaHusa OUTOB  KOJIOBOTO
LDPC-cyioBa Ha OuUTE CO3BEe3IUSA, MPUBOIOS K OINTUMUBMPOBAHHOM
IPOUBBOAUTEJILHOCTHA .

[0079] owur. 24 gapiasgeTcs INPUHLUIMIMAJIBHON OJIOK—-CXEMOM MOIyJis
2300 rnepemexeHus OMTOB, IIOKazaHHOTO Ha our. 23. Monyisne 2400
repeMexeHms OuTOB, IOKal3aHHBM Ha our. 24, BximodaeT B cebs Tpu
cranmn, A, B u C.

[0080] Cramnmsa A: (BRamMMHAaA) [IepecTaHOBKa ULUUKJIMYUECKUX
OJIOKOB

Cramus B: BHYTPEHHSS ePeCTaHOBKA LUKIMUECKMX OJIOKOB

Cramusa C: mepecTaHoBKa CTOJOLOB M CTPOK

(BzamMHasg) [IepecTaHOBKAa LUUKIMUYECKUX OJIOKOB NpuMeHseTcsa kK N
UUKJIMUECKUX OJIOKOB, COCTAaBJIAKIMX KOOOBOE CJIOBO, BHYTPEHHSH
IepecTaHOBKa LUKIMYECKUX OJIOKOB TMPUMEHSAeTCS kK Q OUTOB KaXIoTo
UUKJIMUECKOTO OJioka, ¥ IepecTaHOBKa CTOJOLOB M CTPOK NPUMMEeHSeTCs
K MxQ cexumm.

[0081] Mogmynes 2400 nepemexeHMa OMTOB, I[IOKa3aHHBM Ha GuD.
24, BxJjouaeT B ceba Monysib 2310 nepecTaHOBKM LUKIMUECKMUX OJIOKOB
n Momysb 2010 mnepecTaHOBKM OMTOB (KOTOPBEIM, B CBOKD OuYepenb,
BrJOUaeT B cebs momysim 2101-2103 mnepecTaHOBKM cekuMy) . MonmyJb
2101 (2102, 2013) mnepecTaHOBKM CeKUMM BKJIOYaeT B cebd MOOyJM

2111-2114 (2115-2118, 2119-2122) BHYTPEHHEN IepeCcTaHOBKU
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UUKIJIMUYEeCKUX OJIOKOB u wmonmynb 2131 (2132, 2133) nepecTaHOBKU
CTOJIOLLOB M CTPOK.

[0082] B MOIIYyJie 2400 [IepeMexeHmns OMTOB (B3amMHas)
IepeCcTaHOBKa LUMKJIMUECKUX OJIOKOB BHIIOJHSETCS I[IOCPEeICTBOM MONYJsA
2310 mnepeCTaHOBKM LUKIMUECKMX OJIOKOB (cTazimsa A), BHYTPEHHAS
[IepeCTaHOBKa LUKIIMISCKUX OJIOKOB BEHIIOJHAETCS NOCPEeICTBOM MOIYJen
2111-2122 BHYTPEHHEM [EepPeCTAaHOBKM LUKJIMUYECKUX OJIOKOB (CTanus
B), wu rmnepecTaHOBKa CTOJOIOB ¥ CTPOK BHIIOJHAESTCHS I[IOCPEOCTBOM
MomyJer 2131-2133 nmepecTaHOBKM CTOJIOLOB M CTpPoOK (cramma C).

[0083] Mooynm 2111-2122 BHYTPEHHEN IepecTaHOBKU
UUKIIMYECKUX OJIOKOB MOTYT yIanaTbcsa M3 momyna 2400 nepeMexeHUd
OUTOB, I[NOKaA3aHHOTO Ha ¢ur. 24, Tak 4UTO MOOYJb IepeMexeHUs OUTOB
BEIIIOJIHEH C BOBMOXHOCTBHI HE BHIIOJHATEH BHYTPEHHKKD I[I€PEeCTaHOBKY
UMKIINYeCcKux OJjiokoB. Kpome roro, wmonmysies 2400 rmepemexeHus OUTOB
MOXEeT  BEHIIOJIHATH (B3aMMHY©) II€PEeCTaHOBKY LIMKIIMUECKUX OJIOKOB
repen BHYTPEHHEeM I1epeCTaHOBKOM LIMKJIIMUeCKMx OJIOKOB, a He Iocje
BHYTPEHHEN rnepecTaHoOBKU HUMKIIMYE CKUX BJI0KOB, mbo MOXeT
BBHIMIOJIHATE (B3aMMHYIO) II€PeCTaHOBKY LMKIMUECKMX OJIOKOB IO M IIOCJe
BHYTPEHHEN IIE€PEeCTAaHOBKM LUUKIIMUECKUX OJIOKOB.

[0084] Monynm BHYTPEHHEM I[IepeCTaHOBKM LMUKIMUYECKUX OJIOKOB
MOT'Y'T VMETb aHAJIOTMYHEIE CTPYKTYPE. Clife) ABJIAETCSH
peyMymeCTBEHHEM B TOM, UTO MOAOYJM BHYTPEHHEM IepeCcTaHOBKU

IMKIIMYEe CKUX OJIOKOB B CUJty 2TOIO ABJIAKTCHA pearinm3syeMbeIMA C

MCIIOJIb30BAHVIEM MOeHTVWYHBIX precypcosn (HaanMep, alrrapaTHBIX
OJIOKOB) . AHbTepHaTMBHO, BHYTPEHHME nepeCraHOBKM IVKIIMYEe CKMX
OJIOKOB MOI'YyT COCTOATH n3 IVKJIMYEe CKUMX CIOBMI'OB, KOTOPEIE

IPENOCTABJISDT BOBMOXHOCTE DH50OEeKTMBHOM allapaTHOM peanmsaluu C
VICIIOJIE3OBAHVEM MHOIT'OPEIMCTPOBEIX MOﬂyHeﬁ caBuITa. Takxe 4gBJjIgeTCd
BOBMOXHOM peanm3alurs C MWCHOJB30BaHMEM MHOTOPETUCTPOBHEX MOIYJeu
coeura B LDPC-mexkonmepe.

[0085] Iamee omnmMceHBaeTCda Iepenapllee YCTPOMCTBO, KOTOpoe
BKJIIOUaeT B cebsa MOOyJb IepeMexeHusa OMTOB, BHIIOJHAKIMM IIpoLiecc
nepeMexeHmsa OMTOB, KOTOPBM VYIOOBJIETBOPAET YCJoBMAM 1 m 2, CO
CCBUJIKOM Ha o¢omur. 25.

[0086] oUT . 25 apJsgeTcd BIJIOK—CXEeMOM nepenamiero

yCTpOﬁCTBa, CBA3AHHOTO C IIOOIIOJIHUTEJIbHEIM BapPMaHTOM OCYUeCTBJIEHUA
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HacTodWweTro packpelTMa cywmHocTM. Kak noxasaHo Ha our. 25,
nepenamimee ycrpoucTteo 2500 BkJywuaeT B ceb®a BICM-xonmep (KOTOPEI,
B CBOK OuUepenb, BKJKuYUaeT B ceba LDPC-xomep 2510, w~momymns 2520
rnepeMexeHms OuTor M MoayJb 2530 mnpeobpaszoBaHMs CO3BEe3OUM) U
mMomysaTop 2540.

[0087] LDPC-xomep 2510 xomupyeT BxXOIOHHE OJOKM B KOIOBEBE
cyioBa ¢ ucnoJgpsopaHmeM QC-LDPC-KOOOB M 3aTeM IepenaeT KONOBEHE
cyioBa B MonmyJib 2520 nepemexeHus OUTOB.

[0088] Mogmyne 2520 nepemMexeHus OUTOB I[IPUHMMAET KOIOBOE
cyjioBo B QC-LDPC-xome u3 LDPC-xomepa 2510. KomoBoe CJIOBO COCTOUT
3 N=12 UUKINYECKUX OJIOKOB, I[IPUUEM KaxXIbM LIUKJINUECKUM OJIOK
BKJIDUaeT B ceba Q=8 Oumror. Momynsr 2520 nepemexeHus OUTOB
BEIIIOJIHSAET TIepeMexeHure s OUMTOB KOIOBHX CJIOB TakKuM o00pas3oM,
yTOBEl I[IepecTaBJIATE OUTH KaXIONo M3 KOIOBHX CJIOB. Momynes 2520
rnepeMexeHus OUTOB pazlesiseT I[epeMexeHHOoe KOJIOoBOe CJIOBO Ha
MHOXECTRO CJIOB CO3Be31IMs, Kaxloe M3 KOTOPHX cocTouT u3 M=4
OUTOB M yKaspBaeT oIHy u3 2M=16 rTouek Cco3Be3OMsg, a 3areM
BBIBOIMT CJIOBa CO3Bes3snusa B MonyJsk 2530 rnpeobpazoBaHus CO3BE3OUN.
Momyib 2520 epeMexeHms BUTOB MOXeT IPVIMEHATE mpouecc
rrepeMexeHms OUTOB, IIOSACHEHHBIM CO CCHUIKOM Ha our. 19-22A m 22B,
WM MOXEeT IIPMMEHSATH BapMaHT [Ipollecca IepecTaHoOBkM OmTor. Kpowme
TOT'O, MOIYJIb 2520 repeMexeHmsa BUTOR MOXeT IPUMEHSATH
IOMOJIHUTEJIBHEM — [IPOLEeCcCC I[epPeCTaHOBKM  LUKIMYECKMX  OJIOKOB, K
IpuMepy, IIPOLecC, IOSCHEeHHHEM CO CCHIIKOM Ha oour. 23 u 24, wunu
ero mM3MeHeHMe.

[0089] Monmyne 2530 mnpeobpaloBaums CO3BE3OUNM IIPUHMMAET
cJIoBa Co3Be3snusa U3 Monysna 2520 nepemexeHMsa OWMTOB M BHIIOJIHAET
npeobpaszoBaHve CO3BE3IUNM IJiS CJIOB CO3BE3OMS, [IPWMHUMAEMEBIX TaKUM
obpasoM.

[0090] MognymnsaTop 2740 oQopMupyeT nepelaBaeMel¥d CUTHaJl C
VCIIOJNIE30BAHMEM MYJIbETUIIJIEKCUPOBAHMA C OPTOITOHAJIBHEM YaCTOTHBEIM
pas3mejieHVeM KaHaJIoOB (B HajibHeM lleM B 5TOM JokyMeHTe, OFDM) wu
T.I.

[0091] Iamnee omnuceBaerca BICM-kxonep, KOTOPHEIM BKJOUaeT B
ceba MOIOyJb IHnepeMexeHus OMUTOB, BHIIOJHAKINMMY [IPOLECC IIepeMeXeHUs

OMTOB, KOTOPHBM yINOBJETBOPSAET yCJNOoBMAM 1 M 2, CO CCHJIKOM Ha our.
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26.

[0092] odur. 26 gaBugeTcs OJOK-CXeMOM IpuMepHOTo BICM-
Kozmepa, CBS3aHHOTO C IONOJIHUTEJILHHM BAaPMaHTOM OCYUECTBJIEHUSA
packpelTua cyuwHocTm. Ha ¢ur. 26, BICM-xomep 2600 cooTreTCcTBYyeT
BHIICIIPMBEOEHHBM IapamMeTrpaMm (T.e. Q=8, N=12, M=4).

[0093] BICM-xomep 2600, nokaszsaHHHM Ha O¢ur. 26, BKIOUAET B
ceBs OCHOBHOe 3anoMmHamimee ycrpomcTteo 2601, LDPC-xKOHTPOJJIEP
2611, wMomynp 2612 cpBura, Ipylnlny 2613 NOpoueCCOPOB KOHTPOJIbHBEIX
y3JIOB, MOAOyJb 2614 obpaTHOoTO criBura, QB-cueTumk 2631, Tabiauny A
2632, Momymnb B 2633 nepemexeHus, TIpynny 2634 perucTpoB, MOOYIb
C 2635 nepemexeHus u rpylrny 2651 monmynenm npeobpasOBaHUA.

[0094] Ha o¢wur. 26, opu yCJOBUHU, yTo (0=8, OCHOBHOE
zanoMmHanmee ycTrpomcreo 2601 cumTHBaeT BOCeMb OMTOB 3a pas,
rpyrrna 2613 IpoLEecCOPOB  KOHTPOJIBHEIX Y3JIOB BKJKOUaeT B cebs
BOCE&Mb IIPOILIECCOPOB KOHTPOJIBHEIX Y3JI0B, M Tpylrna 2651 wmomynen
rmpeobpazopaHma BkJoUaeT B cebs BOCeMb MOAOYIIEeM Ipeobpa30BaHMUA.
Kpome TOTO, C yueToM TOTO, uTo M=4, 7rpyrrna 2634 perucTposB
BKJIOUaeT B cebs UueTeHpe permcrpa.

[0095] OcHoBHOe BanoMmHammee ycrpomcTeo 2601 npuHMMaeT
[IOCJIEIOBATEJILHOCTE OUTOB Ui Ileperauy, HalpuMmep, M3 I[Ipoleccopa
BXOIHOT'O cuTHajJa (ne rmoxasaH CXeMaTudeCKM) M COXpaHserT
[IPUHVMaeMy®n OMTOBYIO IOCJIEIOBATEJIBHOCTD .

[0096] LDPC-xoHTpOJIiep <2611 BHBOOMT ampec CUMTHBAHUS B
OCHOBHOE 3arnoMmHapimee ycrpomcTeo 2601. OCHOBHOe 3arnoMMHaniIee
YCTPOMCTRBO 2601, COOTBETCTBEHHO, BEIBOIIUT OUTOBYIIO
IOCJIeIOBATEJILHOCTEL, BOCeMb OMTOB 3a pas HaumHas C IepBoro Oura,
B MOIYJIb 2612 coBuTAa. MonyJib 2612 coBuTa yIIpaBJgeTcs
IIOCPEnCTBOM LDPC-xoHTpOJIIEPA 2611, YT OOEL BHIIOJIHATH
NPEeIBAPUTEJIEHO OIpPelesyIeHHOE  UUCJO LUUKIMYECKUX  CIOBUTOB  IJIid
BOCBMM OUTOB, NIPENOCTABJISEMBIX B HETO I[IOCPEICTBOM OCHOBHOTO
BAIOMUHARIET O yCTpoMrcTBa 2601, u 3aTeEM BEIBOIUT BOCEMb
LUUKIINYECKY CIOBMHYTEX OWUTOB B I[IPOLECCOPE KOHTPOJIBHEIX Y3JIOB U3
Tpynnel 2613 NOpollecCoOpOB KOHTPOJLHEIX Y3JIOB, IO OZHOMY OUTY 3a
pas, npuueM OUTH U I[IPOLIECCOPBEl KOHTPOJIBHEIX VY3JIOB HAaxXOOATCS B
cooTBeTCcTBMM "ommH-x-omHOMY". KaxOeM IOpPOLEeCcCOop KOHTPOJIBHOTO

y3Ja 3 TpyHne 2613 OpOoLIeCCOPOB KOHTPOJIBHEIX Y3JIOB YIPaBJISeTCHd
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nocpencteoM LDPC-koHTposepa 2611, dWTOOB BEHIOJIHATE 0OpaboTKy
KOHTPOJIBHEIX Y3JIOB IJId KaxIoro 6muTa, BBOOMMOTO B HErO, a 3aTeM
BEIBOOMT PEe3yJIbTaThl B MOOyJb 2614 obpaTHOoro cmemura. Momysb 2614
o0paTHOTO CABMIA ylIparjgeTcsa nocpencreoMm LDPC-xoHTpoJuiepa 2611,
UTOOEl BHIIOJHATH I[IPeIBAPUTEJIbLHO ONPenesIeHHOE UMCJIO LUMKIMUECKUX
CIBUTOB Jis BOCBHMU OUTOR, IIPMHVMAE EMBIX us TPYIIIIEL 2613
IPOLECCOPOB KOHTPOJIBHEIX Y3JIOB, C TEeM UYTOOB OTMEHATH UUKJINUESCKUM
CIBUT, [PVMEHSEeMBEl [IOCPeICTBOM MOIyJis 2612 cmoeura, ¥ 3aTeM
BEIBOIUT  BOCEMb CIBUHYTEIX  OUTOB B OCHOBHOE 3anoMyHanImee
ycrpomcTBo 2601. LDPC-xouTposyiep 2611 BHBOOMT ampec 3allCU B
OCHOBHOE 3anoMmHawmee ycrpomcTtso 2601. OCHOBHOe 3BanoMmHamlee
YCTPOMCTBO 2601, COOTBETCTBEHHO, cCoxXpaHsaeT BOCEMBb ouToRB,
npenocTaBJigseMele B 2 HeTDO IIOCPeICTBOM MonoyJas 2614 obpaTHOTO
cneura. LDPC-kouTposuiep 2611, wonyins 2612 cuewura, rpyrna 2613
MPOLIECCOPOB KOHTPOJIBHEIX Y3JIOB M MOIyJb 2614 obpaTHOT'O CIABUTA
cocrampysgoT BICM-xkxomep B LDPC-kxomepe 2510, mnoxkaszsaHHOM Ha Oour.
25.

[0097] OB-cuerumxk 2631 Bemer noxcuer orT 0 nmo 11 ¥ BEBOIMUT
3HaueHue cueTumka B Tabmmunoy A 2632. Ornepauusa roncueTa  QB-
cueTumka 2631 3amaercs c yuerom N=12.

[0098] Tabmmua A 2632 gpngerTcs npocTour Tabiamien [I0ucKa, B
KOTOPOM COXPAHSKNTCSA I[IpaBujla [NEePEeCTaHOBKM LMKIMUECKUX OJIOKOB.
MuemMm  cyioBamm, —Tabsmua A 2632 coxpaHser N=12  dparMeHTOB
nHbopMauMM IMOopSlKa CUMTHBAHMS LUKIJIMUECKMUX OJIOKOB (mHOOpMaumm,
ACCOUMMPYRIEN PAaIINUUHEM  LUUKIMYECKUM OJIOK ¢  KaxoeM u3 12
3HAUYEeHUM cueTumKa u3 QB-cuerTumka 2631). Tabnmua A 2632 BHBOIUT
ampec CUMTHBAaHUSA B OCHOBHOE 3alloMMHaKllee ycTporcTeo 2601 Tak,
UTO OUTEL OIOHOTO LUKJINYIECKOTO Bsoka (r.e. Q=8 OUTOB) ,
COOTBETCTBYKRIIME BHAUSHMK CUeTUMKA, [IPEeHOCTaBIISeMOMY IIOCPEICTBOM
OB-cueTumka 2631, OpenoCcTaBIdeTCsd M3 OCHOBHOTO 3BalOMMHAaWIEIO
ycrporicTea 2601 B MomyJsie B 2633 mnepemexeHusa. TakuMm obpasou,
OCHOBHOE 3aloMuHamlee ycTpoMcTro 2601 BHBOOIMUT OMTE OIHOTO
LIUKINMYECKOTO 6OJioKa, COOTBETCTBYKRINEIO 3HAUEHMI CcUeTuuka 1js QOB-
cueTuMka 2631, B wMomysnbr B 2633 nepemMexeHusa. Ob6paboTka C
MCIOJIb30BaHMeM Tabjamuel A 2632 BHIOJHSEeTCS B KadecTBe IIpoliecca

[IEPECTAHOBKY LUKINUECKUX OJIOKOB (cTanmusa A).
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[0099] Momynb B 2633 repeMexeHMs BEIIOJHAET IPeIBapUTeJIbHO
ONpeneJIEeHHOE UMCJIO LIUKIMUECKMX CIABUTOB IJig OUTOB ULUMKIIMUECKOT'O
fjioka, [OPeloCTaBJIAEMOT'O I[IOCPEIOCTBOM OCHOBHOT'O 3alOMMHAKIEIO
ycrpomcTBa 2601, ¥ BHBOOUT pPes3yJbTaTEl B PETUCTP IIepBOTO YPOBHH
M3 Tpynne 2634 permcTtpoB. O0paboTka NOCPEOCTBOM MOAyJsa B 2633
[IepeMexeHmns BHIIOJIHAETCHA B KauecTBe npoLecca BHYTPEHHEN
[IEPECTAHOBKM LUKIMUECKUX OJIOKOB (cramua B). Kaxzoeni perucTtp B
Tpynne 2634 pernMcTPOB COXPaHdeT OIMH LUUKINYUeCKMUM OJIok OUTOB C
CUHXPOHMB3ALMEN, COBIAOanmey ¢ IPUEeMOM YHIPaBJIAKIETO WMIYJIbCa, U
BEIBOOUT LUUKJIMYEe CKUN OJIOK OUTOB oo npuemMa cIenypoumero
YIOPAaBJARIETO MMIYJbLCA.

[0100] Korma OB-cueTumk 2631 BRIIOJIHAET  BHIIEYKAS3AHHBIM
npouecc IJisg 23HadeHMM cueTuyka 0-3, OMTEH UYeTHpeX UMKIMIECKUX
BJiokOoB (T.e. 32 Oura) BBOHIATCH B MOIyJyib C 2635 rnepemexeHus. B
37O BpeMs, MonyJyb C 2635 repeMexeHus liepeMexaeT OUTBE UYeTHpex
UVKJIMYEeCKUX OJIOKOB, BBOIMMEIX B HEI'O, U MOIYJM NPeobpa30BaHUS U3
rpyrrel 2651 Momysier rpeo®paloBaHMs BHBOIAT OIHO CJIOBO CO3Be3MUSA
duTtoB (T.e. M=4 ©Oura). UYepeszs IpolLecc IllepeMexeHus uYeTepe Oura,
T.e. II0 OIHOMY M3 KaxIoTlo M3 UYeThpex PperrMcTpoB B Ipylne 2634
PermMcTpoOB, I[IPelOCTAaBJILAITCS B KaXIBEN MOIYJbL [Ipeobpaz3oBaHMs. 3ITa
obpaborka rocperncrTBoM Monmyss C 2635 rnepeMexeHMus BHIIOJHSAETCS B
KayueCcTBe Ipolecca NepeCTaHOBKM CTOJOLOB M CTPoOK (cranusa C).

[0101] QB-cueTumk 2631, Tabimua A 2632, wMomoyse B 2633
repeMexeHms, rpynmna 2634 perucTtpoB M MonyJsk C 2635 nepemMexeHMUs
COCTAaBJIALT MOIIYJIb 2520 nepeMexeHmus BUTOB BICM-kozmepa,
IOKa3aHHOT'O Ha dur. 25.

[0102] Kaxmemi MOOyJib IpeobpazoBaHuda M3 I'pynne 2651 monmysen
npeobpazoBaHua npeobpasyeT UeTepe ©OuTa, IIPemoCTaBJISEMBIE B HUX
s wmomyJyia C 2635 mnepeMexeHus, B CO3Be3IMe, a 3aTeM BHBOIAT
pPe3yJIbTATH . Tpynna 2651 wMomysenm nOpeobpaszoBaHMA  COCTaBJgeT
MonyJik 2530 mnpeobpazsopaHusa coszpeznumt BICM-kolepa, I[IOKa3aHHOTO
Ha our. 25.

[0103] [HOmg kax»moro KONOBOT'O CJIOBA BHIIEONMCAHHEM Habop
IpOolleCCOB IMNPMMEHSETCsa TpPpM pasa, [0 OIJHOMy pas3y IJd 3SHadYeHuM
cueTumka 0-3, 4-7 m 8-11 QB-cuetTumka 2631.

[0104] BapmaHT OCYUWECTBJIEHMSA, NIPOWJIJIOCTPMPOBAHHEIM Ha OQUI.
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26, BryodYaeT B cebg (@ wMonyleym IpeobOpaszsoBaHus, paboTanlmx
napajuiesibHo. TemM He MeHee, MOOynIM NpeofpasOoBaHMa TaKXe HABJILGTCH
peanusyeMelMy B kaudvecTBe BICM-xomepa, ¢ TeM dYTOOB CHMXATb WK
[IOBBIIATH napaJsjesnsM. Hanpuwmep, UMCJIIO cexumm MOIYJIS
IapaJjiyleJIbHOT'O I[IepeMexeHMs B MOoOyJle I[nepeMexeHusa OuToB, T.e.
yacTHOe N/M, OUeBMIHO, MOXET OLHTb YBEJUMUEHO C TEM, UTOOH JIETKO

IIOBEIIATE IIapaJlJieJiM3M. Takme cnocobel obecneumBanT OMITUMUIALMIIO

napaJjuiesmsaMa [IOCPEnCTBOM napasuenmnsanmm OxN/M MoOnmyJien
npeobpas3oBaHuAd. Peanmmszauusa TaxKoIro napasuenmusMa, tes
HEOOCTAaTKOB, B MOIYyJie IMepeMexeHus OUTOB SABJISETCHS IOJIE3HOM.

[0105] Iayee omuMCHBAETCA HNPMEMHOE YCTPOMUCTRBO, IPUMHMUMAWIEES
CUTHAJIEL M3 I[epelanmero YyCTPOMCTBa, KOTOpoe BKawndyaeT B cebsa
MOIIYJIb  IIepeMexeHus OuTos, BEIMTOJIHAKMMY — [IPOLIECC  [IepeMeXeHUs
BUTOB, KOTOPHIM YIOBJIETBOPSET YyCJOBMAM 1 M 2, CO CCBUIKOM Ha our.
27.

[0106] OQur. 27 apiasercs OJOK-CXeMOM IIPUMMEPHOTO IIPUEeMHOTO
yCcTpoMucTBa, BKIOUaolero B 2 ceba HeuTepaTuBHEM BICM-nexonep,
CBSRAHHBEI C JIOMNOJIHUTEJIEHEIM BapMaHTOM OCYWEeCTBJIEHUS PaCKPBITUS
CYWHOCTM. IlpMeMHOe YCTPOMCTRBO BHIIOJIHAET oOollepaluu Iepenanuero
yCcTpoMcTBa B OOpPaTHOM IOPAIKE.

[0107] IpmemuHoe ycTpoucrTeo 2700, noxaszsaH#Hoe Ha owur. 27,
BKJIOUaeT B ceba pemonynarop 2710 wu HemrTepaTuBHEM BICM-zmexonep
(KOTOpPBIV, B CBOKW OUepenb, BKJouUaeT B cebsa Mmonysb 2720 obpaTHOTO
npeobpaszoBaHmMsa CcozBe3nui, Momyib 2730 o00paTHOTO IIepeMexXeHUs
6uToB m LDPC-mexomep 2740).

[0108] IHemomymarop 2710 BHIOJHAET OPOLECC IOeMOOyJIaLuuu,
HanpuMmep, depes OFDM M BEIBOIOMT OEMONOYJIMPOBAHHEIE Pe3yJibTaTH.

[0109] Momyne 2720 obpaTHOTO HOpeobpazoBaHMA CO3BEe3OUN
HEUTEPaTUBHOTO BICM-pexozmepa bopmupyeT MATKY OUTOBYIO
[IOCJENOBATEJILHOCTE [OCPEICTBOM IPMMEHEHMs Opollecca oBpaTHOTO
npeobpasopaHMa K BXOIHOMY CUIHaJly M3 »eMonyisatopa 2710 wu
BEIBOIUT MATKYID OMTOBYID IIOCJENOBATENLBHOCTL, COOPMMPOBAHHYID TaKUM
crnocoboM, B MOOyJb ofpaTHoTOo npeocbpasoBaHusa cosBesnoum 2730.
Markue OMTH SABJIAOTCH MEPOM BEepOATHOCTM TOTO, UYTO HIaHHHNM OUT

ABJIAETCHA HYJIEBEIM O6MTOM WMIM E€IOVMHUYUHBIM OUTOM. TUIINYHO, MATTKUE
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OUTE NPEeOCTaBJANTCA KaK JIoTrapudMmMuecKye OTHOWEHMS IPpaBIOoNOnoOmMs
(B DmaJlbHeMmeM B 23TOM IJOKyMeHTe, LLR), 3aaHHBIE CJIeOy MM
obpasoMm.

[0110] LLR(b)=1ln[p(b=0)/p(b=1)1,

rone p(b=0) ykasplBaeT BEPOATHOCTbL TOI'O, UYTO JaHHEM OUT b
ABJISETCS HYJIEBEIM OuTOM, a p(b=1l) npencramiseT BepOATHOCTb TOTO,
uTo IaHHBI ouT b ABJISETCSH e nVHWYHBIM BuTOM. KoHeuHO,
p (b=0) +p (b=1)=1.

[0111] Momynb 2730 o0OpaTHOT'O IepeMexeHUs OUTOB BHIIOJIHSAET
npoluecc nepeMexeHus (T.e. Opoluecc o0paTHOT'O IepeMexeHUs OUTOB)
OJISS MATKOM OUMTOBOM INOCIEOOBATENLHOCTM, BHEHBOOMMONM M3 monmynsa 2720
obparTHOTO Inpeobpasz0oBaHMUsA CO3BE3OUM, C TeM UJTOOBl OTMEHATH
npouecc nepeMexeHus OUTOB, IPUMEH AEMBI X OUTORBOM
[IOCJIeIOBATEJIBHOCTY rocpencTeoM Monysis 2730 rnepemexeHus OWTOB B
rnepesanieM yCTPOMCTBE, IPOMIUIOCTPUPOBAHHOM Ha our. 25.

[0112] LDPC-mexonep 2740 [IPUHMMaEeT MSIT'KYIO OUTOBYIO
[IocJjieIoBaTeJIbHOCTE, OOpaTHO IIepeMeXeHHYID IIOCPeICTBOM MOIYJId
2730 obpaTHOTO IlepeMexeHMs OUTOB, W BHIIOJHSeT npouecc LDPC-
IeKOIMPOBaHMSI c VICIIOJIb 30BaHUEM MATKON BuToBOM
[1oCJIenOBaTEeJIbHOCTY, IIPUHMMaeMOM TaKMM CIIOCOBOOM.

[0113] OmHa YCOBEpPIMEeHCTBOBAHHAS TEXHOJOTMA, Iperjlaramnimas
SHAUMTEJIbHEIE [IOBHIIEHUS [IPOMBBOAUTEJILHOCTY, I[IPEICTaBJsgeT Ccobou
UrepaTMBHOE BICM-nexonupoBaHue. dur. 28 MIIJIOCTPUpYyeT
nrepaTuBHe BICM-mexkonep.

[0114] our. 28 gapuasercs OJOK-CXeMOM IIPUMMEPHOTO IMIPUEeMHOTO
YyCTPOMCTRA, BKJIOUAKIETO B cebsa UTepaTUBHEMN BICM-mexonep,
CBSARaHHBIM C JOMNOJHUTEJLHEIM BapPMaHTOM OCYUECTBJIEHUS PaCKPBTHUS
CYIIHOCTM. I[IpMeMHOE YCTPOMCTBO BHIIOJHAST Olepaluy IIepenanmero
YyCTpOMCTBa B ODOpPAaTHOM IMOPAIKE.

[0115] Kak mnokasaHoO Ha our. 28, npueMHoe ycrpowmcTtro 2800
BKJIIOUaeT B cebs pmemonyiaaTrop 2710 um uTepaTuBHEM BICM-mexomep
(KOTOPEIM, B CBOK Ouepelb, BKJoLUaeT B cebsa mMonynb 2720 obpaTHOTO
npeobpasopaHusa cCo3BezIuM, wMomynb 2730 o0BpaTHOTO NepeMeXeHUs
ouToB, LDPC-mexomep 2740, wonmyne 2760 BeHUMTaHMS ¥ MomoyJib 2750
nepeMexeHus OUTOB) .

[0116] IpmeMHOe vycrpoMcTBo 2800 no omr. 28 wmMeeT MOOYIb
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2720 obpaTHOTO OpPeoOPaz0OBaHMA COSBE3OMM, BHIIOJHSOIMM IPOLECC
oBbpaTHOTO npeobpaszoBaHMA CO3BEe3OUM, MonyJsir 2730 oOpaTHOTO
rnepeMexeHrs OMTOB, BHIIOJIHAKIMY [IPOLEeCC OOPaATHOTO [IepeMeXeHUI
OouTOB, u LDPC-pmexomep 2740, BHIITOJIH AOIUN npoLlecc LDPC-
OeKOOVPOBAHMA .

[0117] Ilocye omHOM mIM Oojsiee wurepauuy LDPC-mekoOIMPOBaHUA
BHEIHSI S nHbpopMaLMAa, oJIyueHHas NOCPEenCcTBOM MOIYJIsA 2760
BEIUMTAHMS, BHUMTAKLIETO BXOIOHOM CcuTHan B LDPC-mexomep 2740 w3
BEIXOOHOTO cuTHajna LDPC-mexonmepa 2740, BeBOOMTCA B MOIOysnb 2750
nepeMexeHus OuToB. Momynb 2750 nepeMmexeHus OUTOB BHIIOJHSET
IpolLecC I[epeMexeHus IJigd BHewmHeM uHQoOpMaALMM C MCIOJIBE30BAHUEM
npaBUII IepeMexeHuns, VUIOeHTUUHBIX npaBuiam IepeMexeHus,
IPUMEHSEMEIX K OMTOBOM I[IOCJIEINOBATEJIEHOCTHY IIOCPENCTBOM MOIYJIA
repeMexeHns OUTOB I[epellailel'c YCTPOMCTBAa, IPOMJIIICTPMPOBAHHOIO
Ha owr. 25. Monmynes 2750 nepeMmexeHus OMTOB 3aTeM BO3BpallaeT
[IepeMexeHHyln BHeWHo uHpopMaumo B MOAyJb 2720 oBpaTHOIO
npeobpaszopadmsa cos3pesnun. Monyne 2720 obpaTHOoTo npeodpal’30BaHMUS
CO3BE3IUM MCIIOJbL3yeT BHEWHID MKHoOpMalLMo, BO3BPAalIEHHYID TaKMM
criocoboM, B KadecTBe alpMOpHOM uHbOOpMaLUMM HOjsg TOI'O, UYTOOH
BBIUMCIIATEL OoJsiee HazexHsle LLR-3Hauvenmsa. Monynes 2730 obpaTHOTO
[IepeMexeHrs OMTOB 3aTeM BHIIOJIHAET IIPOLEeCC [IepPeMexXeHMA IJIA HOBBIX
BEIUMCJIEHHBIX LLR-3HaueHUM (T.e. I1Ipolecc o0OpaTHOTO IepeMeXeHUd
onros) , C TeM dJTOOE OTMEHATE [IpoLecc I[epeMexeHusa OuUTOoB,
[IPMMEHSEMBIV K OUTOBOM I[IOCJIEINOBATEJIBHOCTHM IIOCPEINCTBOM MOIYJIS
rrepeMexeHus OMTOB B IlepejanilleM YCTPOMCTBE, IIPOMJIINCTPUPOBAHHOM
Ha bur. 25, ¥ BOCCTaHaBJAMBATL MCXONHBEIM I[IOPSAIOK OMTOBOM

nocjyienoBaTejibHOCTU. LDPC-mexozmep 2740 wmcnonbsyeT LLR-3HAUeHUSHA,

oBpaTHO nepeMexeHHEIE TaKVM criocoboM, B npoluecce LDPC-
OIeKOIVPOBaHU .
[0118] Kax mnokasaHo Ha oour. 28, KOHTYP MTEepaTUBHOTO

IEKONVPOBAHMSA COCTOMT M3 UeTHpeX BJEMEeHTOB, 4a MMEHHO, MOIYyJd
2720 obparTHOTO mnpeobpasoBaHusa cos3Be3nuy, wmomyna 2730 oBpaTHOTO
nepeMexeHms 6muTor, LDPC-pmexomepa 2740 m momymna 2750 nepeMexeHUH
ouToB. Momysne 2730 obpaTHOrC IepeMexeHus OMTOR UM MonoyJsb 2750
repeMexeHrs OWNTOB IMPEMMYIMECTBEHHO MMET OueHb HeOOoJblioe BpeMsd

3aePXKM, HIeaJIbHO HYyJIeBoe, WV HUIKYID CJIOXHOCTL. Che) npmepoOMT K
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Bonee 200eKTHMBHOM peanlm3aluuy OIPUEMHOT'O ycTpomcTrRa. Momynbe 2730
OOpPaTHOTO IepeMexeHuda OuToB U Momydab 2750 nepemexeHus OUTOB,
ONMCAHHEIE BHIIE, YIOBJIETBOPAKT OOOMM M3 3TUX YCJIOBUN.

[0119] omr. 29 wunnoCcTpupyeT wuTepaTuBHEM BICM-nmexonep,
peanmaynmmil oueHb 30QeKTUBHYH IapalJllelIbHYID peaim3alMo.

[0120] &@ur. 29 gaBusgercsa OJOK-CXeMOM IpuMepHOTO BICM-
oexomepa, CBSA3aHHOTO C IOONOJHUTEJbLHEIM BapPMAHTOM OCYIECTBJIIEHUSA
packpelTHusa cymHocTu. Ha ¢mr. 29, BICM-pmexomep 2900 coorBeTcTByeT
BHIIENIPMBEIESHHBM HapamMeTpaMm (T.e. Q=8, N=12, M=4).

[0121] Kax mnoxkasaHo, BICM-nmexomep 2900 BriwouaeT B cebsa
OCHOBHOE 3anoMmMHanmee  YyCTPOMCTBO 2901 ojgs  LLR, OybepHOe
zanoMuHanmee ycrpoyucTreo 2902 nns LLR, LDPC-kxoHTposuiep 2911,
mMonmynbs 2912 cpoeura, Tpyniay 2913 OpouecCOpPOB KOHTPOJIBHBIX Y3JIOB,
MonyJib 2914 obpaTHOTO CaBuIra, QB-cuetumk 2931, Tabmmuy A 2932,
rpyrmny 2933 MomyJiey  BEUMTAHMS, MOIyJib B 2934 rnepemexeHus,
rpyrny 2935 perucTpor, Monysis C 2936 nepemexeHus, Trpyrmny 2937
MonyJiey obpaTHOTro rpeobpasoBaHus, Monyyis C 2938 obBpaTHOTO
rnepeMexeHus, rpynny 2939 perucrTpos, Moayse B 2940 oBpaTHOTO
rnepeMexeHms v MonyJsib 2941 3apepxKu.

[0122] Ha our. 29, mnpum ycjuoBuu, uyrTo (@0=8, Kaxmoe wu3
OCHOBHOT'O 3arnoMmHawmero ycrpomcrea 2901 nms LLR m OydepHOTO
zarnoMmHamnmero ycrpoucrBa 2902 mms LLR  cumMTHBaeT BoceMb LLR-
3HAUYEeHUM 3a OIMH pas, rpynmna 2913 npolueccopoB KOHTPOJIBHEX Y3JIOB
BKJIOUaeT B ceBsa BOCeMb IIPOLEeCCOPOB KOHTPOJIBHHIX Y3JIOB, M IpyIla
2951 w~omysiem oOpaTHOTO Ipeobpa3zoBaHMA BrJwuUaeT B cebsa BOCEMb
MonyJsiey ofpaTHOTO npeobpaszoBaHmus. Kpome TOro, C YUYE€TOM TOTO,
uro M=4, kaxmas u3 TIpynn 2935 m 2972 peruCcTpOB BKJKNYAeT B ceba
YeTepe permucTpa.

[0123] Kaxmem M3 MoOOyJieM OO0paTHOI'O NpeoOpasoBaHMsS B IpyIlle
2937 MonoyJey  obpaTHOTO npeobpasoBaHusa BEIIOJIHAET npolecc
o6paTHOTO HnpeobpasoBRaHMs IJIS BEIXOIHOTO CHI'Haja nemomyrnsaTropa (He
TOKasaH CXeMaTUUeCKM), a 3BaTeM BrBOIAT LLR-3HaueHMS, IIOJyUYeHHHE
TakuM crnocobomMm, B Momysik C 2938 o6paTHOTO NepeMexeHuds. I'pynna
2937 womyJyem obpaTHOTO MnIpeobpasoBaHMS cCocTaBjgeT MonyJe 2720
obpaTHOTO ImNpeob®pazoOBaHMA CO3Be3OUNM uTepaTuBHoro BICM-mexkoznepa,

nokasaHHOTO Ha o¢mur. 28.
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[0124] Momysns C 2938 oOpaTHOT'O HepeMexXeHUsa IIPMMEeHSeT
npouecc ofpaTHOTO 1rnepeMmexeHus K LLR-3HayeHUsAM (T.e. HOBHU
npolecc [IepeMexeHmns, OTMEH AN npoiecc repeMexeHms,

IpYMEeHSEMENM [IOCPEOCTBOM Ieperanmero yCTpPpoMcTBa B XOHOe CTaIuu
C), a 3aTreM BHBOOUT OOpPAaTHO [NepeMexeHHee LLR-3HadeHUaA B
perucTpe Tpynns 2939 perucTpoB. KaxIbeM PeTrMCTP COXPaHaeT OIMUH
UUKJINUeCKMM OJjiok LLR-3HaueHut (Tr.e. BOceMb LLR-3HauveHuMr). B
Tpyrie 2939 PETUCTPOB LUVKJIIMYE CKUNA BII0K LLR-3HaueHUl,
COXPAaHEHHHX  IOCPEeICTBOM  KaXIoro  perucTpa, IOCJenoBaTEJIbHO
BEIBOOMTCS Ha CJeOy muMi YPOBEHBb, TaK YTO KOHTEHT KaxIoTo
perucTpa nocjenoraTesyibHO OOHoOBJdAeTcs. Monmysne B 2940 oOpaTHOTO
IepeMexeHmU s IpUMeHaeT opouecc oBpaTHOTO nepeMexeHus K
UUKJIMUeCcKoMy ©OJioky (BocbMM) LLR-3HaueHUM (T.€. HOBHM IPOLECC
IepeMexeHus, O TMEH SN IpoLecc repeMexeHmns, TPVIME H € MBI
TOCPEICTBOM IIepelanlero yCTPOMCTBa B XOoIe cTamuuM B), a 3arem
3anmcHBaeT pe3yJibTAaTH B OCHOBHOE 3aroMuHawmee ycTpomcrso 2901

nss LLR wm GydepHoe zBarnomMmuHanilee ycrpomcTeo 2902 s LLR B

cooTBeTCTBUM C Tabmuuenm A 2932 (rosscHeHa r1o31Hee) . llpouecc
rnepeMexeHmns, OTME H SN pouecc [epeMexeHns, ITPYIME H € MBIN
[OCPenCTBOM rnepenamnmero yCcTponcTBa B xone cTanum A,

OCYWECTBJISETCSH I[IOCPEINCTBOM B3TOV 3anucy B OCHOBHOE 3aloMuHaplee
ycrponcTBo 2901 nnsa LLR um OydepHOoe 3amnoMmuHapmee yctpomcTso 2902
s LLR B COOTBETCTBUM C KOHTEHTOM Tadmmus A 2932.

[0125] Taxum obBpas3oM, OCHOBHOE 3arloMMHAKIEe YCTPOMCTBO
2901 mns LLR coxpaHseT LLR-3HaueHMs rnocyjie OOpaTHOT'O I[IEepeMeXeHUS
M Takxe wucrojblyercsa r1nocpexncreoMm LDPC-pmexomepa  (Tv.e. LDPC-
KoHTpoJuiepa 2911, w~momyna 2912 cpeura, Tpynne 2913 OpoueccopoB
KOHTPOJIBHEIX Yy3JI0B ¥ wMomyJya 2914 obpaTHOTO cCcnaBura). Ilpouecc
ILDPC-pmexkomoMpOBaHMUAa ABJIASTCA UTEPATUMBHEIM OIPOLECCOM, S3aKJIUYapnliVM
B cebe onHy wmnu 0Oojee wuTepauur. Ha kaxmom uTepauuyu LDPC-
IexomupopaHusa, OOHOBIAKWTCH LLR-3HaueHMS B OCHOBHOM 3allOMMHAKIEM
ycrpoucTee 2901 nmag LLR. UTOOB BHEUMCIATE BHEHDOO MHOOPMALMIO,
HeobxoouMyl mJd wurepaTmMBHOTrO BICM-pmexomnmpoBaHmsa, crapele LLR-
3HaUEeHMd COXpPaHAnTCca B OydepHOM 3BarloMMHakbleM ycTpomcTtBe 2902
nina LLR.

[0126] IHanee onmuceBaiTca olepaumu LDPC-mexonmepa.
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[0127] LDPC-xouTponnep 2911 BHBOOMT aIpecC CUMTHBAHMA B
OCHOBHOE B3BanoMmHailee ycrpoucTro 2901 mmas LLR B COOTBETCTBUM C
MaTpuleM KOHTPOJIZ O udeTHoCTM LDPC-xOomos. TakuMm obOpasou,
OCHOBHOE 3anoMmuHawumee ycrpoucTtso 2901 znjus LLR nocienoBaTeJIbHO
BEIBOOMT OIMH LMKJIMYEeCKUM OJiok LLR-3HaueHuy B MOOyJb 2912
coBura. Monmyne 2912 cpmBura ynopaejasgeTcsa nocpeancrsoM LDPC-
KoHTpoJuiepa 2911, uTOOB BHIIOJHATL IPENBAPUTEJIBHO OIIpeIeJIeHHOEe
UMCJIO LUKINUECKUX CIOBUTOB OJS LUKIJIMUECKOTO Ojsioka LLR-3HaueHUH,
IpenoCcTaBJIgeMOoTO IIOCJIENOBATENLHO IIOCPEenCTBOM OCHOBHOT'O
3anoMpHamnmero ycrpoucTea 2901 mns LLR, a 3areM BuHBOOUT LLR-
3HauUeHusa, CIOBUHYTHE TakuM CIOoCcoOOM, B OPOLECCOPH KOHTPOJIbHEIX
Yy3JIOB M3 TIpynmns 2913 OpolecCopoB KOHTPOJBHEX Y3JI0B, IO OILHOMY
3a paszs. [IpolecCOophl KOHTPOJIBHEIX Y3JI0B M3 Ipynns 2913 npolueccopos

KOHTPOJIEHBEIX Y3J10B YIPAaBIIAKOTCHA IocpeCTrBoOM LDPC—KOHTPOHHepa

2911, YT OOB BBIITOJIHSTE npolecc KOHTPOJILHOT'O y3J1a IJis
rnocJsienosaTesibHOoCTM LLR-3HaAUeHMM, IIOCJHeIOBaTEeJIbHO BBONMMOM B
HUX . 3areMm, IPOLEeCCOPEl KOHTPOJIBHEIX  y3JIOB ™3 rpynnel 2913

[IPOLEeCCOPOR KOHTPOJIBHEIX Y3JIOB YyIpaBJdwwTcs r1ocperncrsoM LDPC-
KoHTpoJwiepa 2911, uTobe IOCJENOBATEJIBHO BHBOIMTE LLR-3HaAUEHMSH,
ABJIAIMECS pPe3yJibTaToM IIpollecca KOHTPOJILHOTO y3Jja. Monyne 2914
oBpaTHOTO CcIOBMIa ynparjsercs rocpencrsoM LDPC-xouTposuiepa 2911,
4TOOBl BHIIOJHATE [IPEABAPUTEIIBHO OIpPelesyIeHHOe UYMCJIO LUMKINYECKUX
CIBUTOB, OTMEH SN X LUMKJIMYe CKUN caBur, TPVMEH T € MBI K
LUMKJIMUYEeCKOMY OJIOKY, IIOCJIeIOBATEJILHO IIPUMHMMAEMOMY M3 IpPynnel 2913
[IPOLIECCOPOB KOHTPOJIBHEIX Y3JIOB, I[IocpencTBoM wmonmyna 2912 cnoBura,
a 3aTeM I[I0CJHelOoBaTeJIbHO BHBOAMUT CIABMHYTHE pPe3yJbTaTh B OCHOBHOE
3anoMmuHapimee ycrpoucreo 2901 nna LLR. LDPC-xoHTpossep 2911
BEIBOOIMT ampec 3aluc¥ B OCHOBHOE 3RaloMMHawlmee ycTpoucTeo 2901
mig LLR B COOTBETCTBUMM C MaTPUIEN KOHTPOJIS IO dYeTHOCTM LDPC-
xonmoe. TakxuMm oOpasoM, OCHOBHOE 3aloMMHAaIee ycrporcTBo 2901 nns
LLR coxpaHfeT ULIUMKIMYeCkMM OJIOK pe3’yJbTaToB, IIOCHeloBaTeJIbHO
npelocTaBJIgeMEIXx B HeTo IIOCPelCcTBOM Monynas 2914  oBpaTHOTO
caBura. LDPC-xkoHTpPONIIEP 2911 MHOTOKPAaTHO BBRIIIOJIHAET
BEIIEONMCAaHHYID 00paboTKy B COOTBETCTBMM C MaTpHLEM KOHTPOJS IIO
yeTHOCTM LDPC-KOmOB.

[0128] Tlocne OpemBapMTEesIBHO OIpelesieHHOTOo uucija LDPC-
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uTepaluy  BHIOJHAeTCcsa BICM-urepaumusd. LDPC- wm BICM-umTepaumnmn
TakXe, COOTBETCTBEHHO, YIOMMHAKTCHA B KadeCTBe BHYTPEHHUX U
BHEIIHMX uTepauum. CLN7: oBa TUa uTepauum Takxe MOTYT
[IEPEKPEBATHCHA B HEKOTOPHIX peanmnszaunax. Slie) obecneumsaeT
[IOBHIICHNE CKOPOCTHU CXOOMMOCTHM . [Ilpoueccu BICM- 1z LDPC-

IEeKOOVMPOBAHMSA M3BECTHH B HOAHHOM 00JlaCTM TEXHUKM, M B CWUJIYy D3TOTO
X HDOOPOOHOCTM ONYyCKaKTCH.

[0129] OB-cueTruumk 2931 Bemer nonmcuer orT 0 mo 11 ¥ BHIBOOUT
3HaUeHMe CcueTuMka B Tabmauuy A 2932. Onepaumsa noncuera  QOB-
cueTumka 2931 3ajmaercs c¢ yueTom N=12.

[0130] Tabmuua A 2932 gaBjseTCcsa IPOCTOM Tabjuiler IoOMucKa, B
KOTOPOM COXPAHAKNTCSA IPaBujia I[IepPeCTaHOBKUY LUKJIUUECKUX OJIOKOB.
VHEIMM  CJIOBAMH, Tabauua A 2932 coxpaHsger N=12 @QparMeHTOB
nHboOpMaLUMKY TOPSAIKA CUMTHEBAHMS (M 3arnmMcu) LIUKINUYEeCKUX OJIOKOB
(Tr.e. c mHOOPMALMEN, aCCOUMMPYOIEN Pa3JIMYHBEM LUKINYeCKMM OJIOK C
KaxIeM M3 12 3HadueHuM cueTumra M3 QB-cueTumka 2631). Tabmmua A
2932 BBIBOIIUT anpec CUNTEIBAHUS B OCHOBHOE 3aroMmHaKiee
ycrpomcTeo 2901 mns LLR m B OybepHoe 3aroMyHamllee YCTPOMCTBO
2902 nmna LLR, Tak u4YTO OIMH LMKIMUYeckur ©6Jiok LLR-3HaueHun,
COOTBETCTRYIUMY 3BHAUYEHMIO CUeTuMKa, IIpeloCTaBJISeMOMYy IIOCPEeICTBOM
OB-cueTumka 2931, IPEeNOCTaRJISETCS B rpynny 2933 wMomyisen
BHIUMTAHMS T[IOCPEICTBOM OCHOBHOT'O B3arnoMuHanmero ycrtpomcrtea 2901
s LLR wm B OybepHoe sarnoMmmHawimee ycrpomcrero 2902 mms LLR.
TakuMm o6pasoM, Kaxioe M3 OCHOBHOTO SaroMMHAKIIEI0 YCTPOMCTBA
2901 mna LLR m OydepHOTO 3anoMmHawpmero ycrpomcrra 2902 nna LLR
BHIBOOMT LIMUKIMYECKMM OJIOK LLR-3HAUEHUM, COOTBETCTBYWINUM 3HAUSHUIO
cueTumka IJg QB-cuerumka 2931, B MomyJsb 2933 BHUMTaHMA. MOoOyJib
2941 =BamepXKM BHIIOJHAET KOPPEKTMPOBKY 3aIepXKM TakuM o06pasoM,
UyTo nosmuumAa L1LR-3HaueHud, CUMTHIBaEeMasd nus OCHOBHOTO
3anoMmuHapmero ycrpoucTtra 2901 nng LLR m OyQepHOTO SaloMMHAKRMIEITO
ycrporicTea 2902 mna LLR, coBmajaeT C HO3BULMEN 3alMCU MISHTUUHBIX
LLR-3HaueHVM B OCHOBHOEe 3alloMMHawllee ycrTpomcTro 2901 mng LLR u
bydepHoe BamnoMmHamliee ycrpomcTtro 2902 nna LLR. O6paborka C
MCIIOJIE30BaHMeM Tabaumuer A 2932 BHIOOJHSETCS B KauecTBe IIpollecca
[IEPECTAaHOBKY LUKINUECKUX OJIOKOB (cTanusa A).

[0131] Mognynb 2933 BHUMTAHMSA B TIpylle MONYJIEM BBUMTAHUS
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BHUMTAET BHXOIOHOM CUT'HaAJ OydepHOTO 3aloMMHAKIETO YCTPOMUCTBA
2902 nona LLR ™3 BHXOOHOTO CHUI'HaAlla OCHORBRHOTO 3alOMMHAKIETO

ycrpomcTBa 2901 mynsa LLR, a 3aTeM BHBOOUT BHEMHIOKW MHQOPMALMIO IJIid

OOHOTO LMUKIMUECKOTO OJioKa, I[IOJYUYEeHHYK TakuM crnocobom (T.e.
BOCeMb QparMeHTOB BHeWHeM uHbOopMaALMM) , B Momoysb B 2934
[IepeMexXeHus .

[0132] Momynp B 2634 mnepeMexeHMS BLHIIOJIHAET NPEeABaAPUTEJIbEHO
ONpeneJIEeHHOE UYMCJIO LIUKJIMYUEeCKUX CIOBUTOB IJIg OPparMeHTOB BHEIHEeM
nHQopMaLUMM OJIS OXOHOTO M3 LUUKIMUECKMX OJIOKOB, IPEIOCTAaBJISEMBIX
nocpencTBOM MOnyJsa 2933 BHUMTAHMUSA, W BHBOIUT pPe3yJjabTaTH B
PeETMCTP NEPBOTO YyPOBHA M3 Ipynnw 2935 peructpos. OOpaboTka,
BBIIIOJIHAEMA S oCpenCcTeOM MOIYJIS B 2934 IIepeMexeHus,

COOTBETCTBYET BHyTpeHHeTZ InepeCTaHOBKE HUNKIIMYE CKMX OJIOKOB

(cramma B) . Kaxnemr perucTpe B Dpynne 2935 perucTpoB CcoxpaHser
BOCEMb BrTOR c CUHXpOHMBaLMeN, coBrasamniuen c IIPVIEMOM
YIPaBJISOLEro MMIIYJIbCa, ¥  BHBOIMT BOCeMb OWTOB 10 IIpueMa

crenynmero yripapJigomero MMITYJbCa.
[0133] Korma QB-cueTumk 2631 BHIIOJHSET  BHIIEYKA3IAHHBIM
rnpouecc IJisg  3HadveHuM cuerumka 0-3, BHewHss wuHOopMauMsa IJId
yeTepex LMKJIMYEe CKUX BIIOKOB (r.e. 32 bparmenTa BHEIHEN
nHbopMaumm) BBOOUTCS B Monysb C 2936 repemexeHms. B »TO Bpews,
MomyJsib C 2936 rmepeMexeHMs BHIIOJIHAET IIPOLEeCC IIepeMexXeHMUs g
BHemHEeW wuHboOpMAalIMM, BBOIMMOM B HEIO, IJIS UYeTHpeX ULUMKJINUYSCKUX
BJIOKOB, a BaTeM BHBOIMUT OIHO CJIOBO CO3BE3IMS BHemHeMr MHOopMalumm
(r.e. M=4 <o¢parmenTa BHemHe) wHOOPMALMM) B  KaAXILM  MOIYJb
obpaTHOoTO mnpeobpasoBaHmMsa m3 rpyans 2937 wMmMomysem  oBpaTHOTO
npeobpaszoBaHug. UYepesn INPOLECC IEepeMexeHus YeTHpe oOoparMeHTa
BHEHEN MHOOPMAaLIUNU IPenoCTaBJISOTCS B MOIIYJIU o®paTHOTO
npeobpaszoBadmsa M3 Tpynne 2951 Mmonmysney obpaTHOTO npeobpasoBaHusa
M3 UYeTHPEeX PEeruMcTPpOoB B Tpynne 23835 permcTpos, IO OOHOMY 3a pas.
STa obpaboTka nocpencTtBoM Monynasa C 2936 nepeMexeHMS BHIIOJIHSIETCH
B KadyecTBe IIpollecca IIepPeCcCTaHOBKM CTOJNDIIOB M cTpok (cramusa C).
[0134] OQOB-cueTumk 2931, rmabmmua A 2932, wMomyar B 2934
rnepeMexeHus, TIpynna 2935 permcrpor M Momysib C 2936 nepeMexeHUS
COCTaBJIAT MOIYJIb 2750 nepeMexeHmns OUTOB BICM-pexonepa,

nokasaHHOTO Ha o¢mur. 28.



35

[0135] Momynm ofpaTHOTO npeodpasoraHms wu3 Tpynns 2937
MoayJier oOpaTHOI'O MNpeobpasoBaHMus MCIOOJbB3YIT UYeThHpe oparMeHTa
BHeUWIHEeM MHOoOpMalLMM, OIpeloCTaBlidgeMoM InocperncTBoM wmonmynsa C 2936
IepeMexeHns, B KauecTBe alpMOPHOM MuHOOpMallMM, UYTOOB BHIIOJIHATH
npouecc o0OpaTHOTO npeofpasoBaHud, a 3aTeM BEIBOOAT
pPes3yibTUpyime LLR-3HaueHUd B MOIYJIb C 2938 oBpaTHOTO
[IEpEeMEeXeHU .

[0136] Momyne C 2938 o0O0OpaTHOTO I[IEpPEeMEXeHMsS [IPMMEeHIeT
npouecc obpaTHOTO nepeMmexeHus K LLR-3HaueHusaM (T.e. HOBHU
npouecc [IepEMEXEHNA, OTMe H AN npouecc IepeMexeHns,
IPMMEHSEMEI I[IOCPEeICTBOM Ilepemanmero YCTPONUCTBa B XOoIe CTaIuu
cy, a BaTEM  BBIBOIUT 00paTHO I[IEPEMEXEHHEE LLR-3HaueHMUsa B

perucTpe rpynnel 2939 permcTpoB. KaxOel perMcTP COXPAaHSeT OIOMH

UMKInyeckur 6ok LLR-3Havenuyt (r.e. BOoceMb LLR-3HaueHuMn). B
rpyriiie 2939 PEeTrnUCTPOB UMKITMYe CKUN BI1IoK LLR-3HaueHU,
COXPaHEeHHBEIX  IIOCPEeICTBOM  KaxIoro  perucTpa, IOCJIeIOBATEJILHO
BEIBOIMUTCS Ha CJEeIynmui YPOBEeHb, TaK UTO KOHTEHT KaxXIoIo

perucTpa IocjenoparTesibHo obHomJsgeTcs. Momysier B 2940 ofBpaTHOTO
repeMexeHms [IpUMeHsaeT rnpouecc oBpaTHOTO riepeMexeHms X
UMKIIMYeCcKoMy OJIoKy (BOoChMM) LLR-3HaueHuM (T.e. HOBBIM IIPOLIECC
[IepeMexeHmns, OTMEeH ST rnpouecc repeMexeHms, TPVIMEH SI€ MBI
[IOCPEICTBOM I[Ieperanilero yCTpoMcTBa B XOoIe craauuM B), a 3arem
3anMceBaeT pPel3yJibTaTil B OCHOBHOE BalloMMHammee ycrpomcTtao 2901
nns LLR wm  OydepHoe 3anoMmHawmee ycerpomcrTeo 2902 mis  LLR.
OcHOBHOe 3anoMmHapmee ycrpomcrso 2901 mas LLR o BydepHoe
zarnoMmHanmee ycrpomcTro 2902 mms LLR rnpuMHMMAKT alpec 3alucu u3
Tabamuel A 2932 uepes MonOysb 2941 BamepxKy, a 3aTeM COXPaHLAT
OOMH LIMKJIMUeCKMM OJiok LLR-3HaueHUM (T.e. BOCBMM LLR-3HAUEHUM),
NPUHYMA EMEIN ns MOIYJIS oBpaTHOTO epeMexXeHms 2940, B
COOTBETCTBMM C IPUHMMAEMEIM aOpPeCcOoM 3anmcu. [Ipolecc IepeMexeHUd,
OTMeH UM npolecc IepeMexeHus, IpUMeHSaeMBIN IIOCPEeICTRBOM
nepenmammero ycTpoMcTea B Xole cTamuM A (T.e. pouecc oBpaTHOTO
nepeMexeHus) , oCyumecTBJIAeTCS IOCPelCTROM 3TOM 3anmcu B
COOTBETCTBUM C KOHTEHTOM Tabimisel A 2932.

[0137] [HOng kax»Zoro KOHOBOI'O CJIOBa BHIIEONMCAHHEM Habop

NpoOLEeCCOB IMPMMEHAeTCa TpKM pas3a, IO OINHOMY pasy oJjd S3HadeHUM
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cueTumka 0-3, 4-7 um 8-11 QB-cuerumka 2931.

[0138] QB-cueTumk 2931, Tabauua A 2932, wMmMomysibr B 26938
o0pPaTHOTO IIEPEMEXEHUH, rpynna 2939 permcTtpos u  MonmyJib  C
nepemexeHusa 2940 cocrapaapT Monynb 2730 nepemexeHusa OmuTor BICM-
mexomepa, I[IOKa3aHHOT'O Ha our. 28.

[0139] Momyne B 2934 nepeMmexeHusa M MonOysb B 2940 obBpaTHOTO
IepeMexeHms ABJIAITCSA IEPEKOHPUTYPUPYEMEIMHA . 3TO TpedyeT
OHpeneJIeHHBIX 3aTpaT Ha anmnapaTHele CcpelcTBa, HO 3TU 3aTpaTh
MUHUMUBUPYIOTCSA [IOCPeICTBOM TIATEJILHOT'O NpoeKTHupoBaHmua. Momynb C
2936 nepeMexeHusS ¥ MOOYJb 2938 o0DpaTHOTO IIepeMeXeHMUSa Ppealiu3yioT
[IEPECTAaHORKY CTOJIODLOB M CTPOK. DJOTa I[IepecTaHOBKa SBJSETCH
OIVMHAKOBOM IJid MNPENBAPUTEJIEHO ONPEeNeJIEHHOTO pasMepa COo3Be3nud.
3a cueT B3TOTO CHMXAKNTCS 3aTPAaTH Ha pealin3aluo.

[0140] BapmaHT OCYHEeCTBJIEHUS, IIPOMIUINCTPUPOBAHHEIM Ha OUI.
29, eBriouaeT B cebs Q Monpyrem obpaTHOoTo IpeobpasoBaHus,
paboTrapmyx  rapajiyiesyibHoO. Tem  He MeHee, MOoyJiL  OBpPaTHOIO
npeobpazoBaHmsa TaKxe ABJIATCS peanmn3syeMeMM B KauecTse
nrepaTnBHoo BICM-nmexomepa IIOCPEICTBOM CHMXEHMS WIIM I[IOBBIUIEHMS
rnapasnjenmusMma. Harnpumep, UMCJIIO  CEeKUMM MOIYJIS IapajllefIbHOT'O
rrepeMexeHmns B MOIyJie IiepemexeHus OuToB, T.e. uyacTHoe N/M,
O4YeBMIHO, MOXeT OBTb YyBeJMUEHO C TeM, dYTOOB JIEIKO [IOBBIIATH
rapajuiesinsMm. Takue CriocoBul obecreuymBanT ONTUMMBALMIO
rnapasuiesiMaMa rnocperncTBoM rapasuenmnzauumu QxN/M Momyier o®paTHOTO
npeoBpaszoBaHMsa. BHIIEONMCAHHEINM MOIYJIbL IepeMexeHus OWUTOB MMeeT
IperMyleCTBO peanm3yeMoCTH c TaKUM napajesn3MoM tes
3aTPYOHEHUN .

[0141] IOOICJIHUTEJILHHE W3HCKAHWA PA3PABOTUNKA

Momynm nepeMexeHud, yIoBJIeTROpAlIMEe YycjosusasM 1 u 2,
IPUBEIEHHEIM  BHIIE (T.e. wMOOyJNIM apajljleJIbHOTO IIepeMexeHUd),
OOIYyCKAaKlT, YTO UMCJIO OMTOB Ha Kaxigoe CJOBO M co3Be3nusa ABJIIAeTCSH
mDenuTesieM upcia N LUMKIMYecKux OJokosB. TeM He MeHee, M TUIOMYHO
He sdgBrngerTcsa peauTeneM N. Hanpumep, LDPC-xomel B 16 x6ur,
UcrnoJe3yeMele B DVB-T2-craHzmapTe, uMelT N=45 LUMKIMUEeCKUX OJIOKOB
Ha kaxnoe komoeoe LDPC-cnoBo B 16 kxbur. Korma M He 4gaBjseTcd
nenureseM N, npeoBpa30BaHMe KBaIPAaTHEIX CO3Be3OMM, TaKMX Kak

QAM-co3sBe3OUA, B KOTOPHIX M 4aBJIdAeTCd UeTHHM, He  4dBJideTCcHd
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IIPOCTEM.

[0142] TakuMm  obpasowM, npemjiaraeTcda dJacCTHOE  peleHuE,
KOTOpOEe 3akjodaeT B cebe MUCKIKYEHMEe OINHOT'O WM O0oJyiee mu3 N
UUKIIMYECKUX OJIOKOB M pealuM3alui MOIOYJisS IepeMeXeHMs, NOSCHEHHOIO
B BapraHTe 1 OCYIECTBIIEHNSA (T.e. MOy JIs [IapajJlesIbHOT'O
[IepEeMEXEeHMI) BHIUIE, TOJIBKO IJIS OCTaBUMXCS LMKIMYECKMX OJIOKOB.

(0143] IOpyrmMm cJjaoBamMy, N' LMKIMUYEeCKMX OJIOKOB BHOMPAKOTCH
13 umcya N LUMKIMYeCKuxX OJIOKOB TakuMm obpaszsoM, uTo N' gpisercs
KpaTHBEM dYMKCJy OMTOB Ha Kaxiele crnosa M cozBesnud B MOOyJe
nepeMexeHus OuToB. Monynb HepeMexeHus OuToB paszzgenser N
BHIOPAHHBEIX LUKJIMUECKUX OJIOKOB Ha N'/M cexkumii TakuM oBpasomM, UTO
Kaxzmas CceKuus BKJwodYaeT B cebga M UUKIMUeCKUxX OJIOKOB, a 3aTeMm
BHIIIOJIHAET IepecTaHOBKY CeKumM ons KaxImomn CeKLWM. BuTe
VICKJIOUEeHHOTO (T.e. He BHEHOPAHHOI'O) ULUMKIMYECKOTOo O6JioKka MOTYT
rIepeMexaThbCsa WM He IepeMeXxaTbCsd.

[0144] HamnpuMmep, WCKIIOUEHHHE IUKIMUYeCKre OJIOKM MOTYT OBTH
UUKJINYEeCKVMM OJIOKaMM, WMeK VMM IIePEeMEeHHE y3eJl C HaMMEeHbIIMM
BeCOBBM kO3bOMuUMeHTOM. g npuMepHblx RA QC-LDPC-xomos (cMm. our.
5), WCKJIIOUEeHHBEe LUKINJYecKkMe OJIOKM SBJIANTCA LIUKIMUECKUMM OJIOKOM
CeKUMM YeTHOCTHU (MMEK MM BEeCOBOM KODQOMUMEHT IIepPeMeHHOT'O y3Jjla B
IBa) ¥ I[IPEeUMMYUWECTBEHHO ABJISTCS I[IOCJeIHMMM OIHMM WM O0oJiee
UMKINYEeCKMX OJIOKOB KOIOBOI'O CJIOBA.

[0145] dur. 30 WJILJIOCTPUPYET LUUKJINUE CKUA OJI0K,
roIBepranmmics, ¥ UMKJIM4Yeckum  OJIok, VICKJIOUEeHHEM U3 (T.e.
VCKJIOUEeHHEM ©OJIOK) M[Ipollecca I[IepeMexeHus, OIMCAHHOMY BolIie (T.e.
BapuaHT 1 ocymectBaeHus) . Ha owr. 30, xoxn saBrsercs LDPC-xomoM B
16 xbur, cooTBeTCcTBybmMM DVB-TZ2-CcTaHOapTy, M CO3Be30Me SABJIAeTCSH
16-QAM-cozBezgueM. Kak @oOKaszsaHo, 44 w©3 LUKINUYECKUX OJIOKOB
IIOOBEPTanTCa IepeMexeHMo (T.e. Ojoxu 1-44), ¥ LUKIMYECKUN OJIOK

45, B IMocJenHey CTPOKe, ABJAeTCHS OIHMM LIUKIMYECKUM OJIOKOM, He

IonBeprapLyMcs [IepeMeXeHMI (T.e. MCKIJYeHHBM OJIOKOM) . YeTwelpe
3aTEMHEHHBIX KBazmpara IpenCcTaBsanT YyeTHpe duTa IepBoTo
co3Besnug.

[0146] B ofmeM, UYMCJIO CeKUMM MOIOYJg IepeMexeHud (kaxias us
KOTOPEIX COCTOUT M3 M LUKIMUECKMX OJIOKOB) BajaeTcs I[IOCPeICTBOM

floor (N/M), a uUMCIJIO MCKIOUEHHEX UIMKIMUEeCKUX OJIOKOB =BajaeTcs



38

nocpencreom rem (N, M). 3necs, floor(N/M) sgasiaserca oyHKUMEN,
KOTOpas BO3BpallaeT HaMOOJbllee LeJioe UMCJIO, MeHbIlee MM pPaBHOe
N/M, a rem(N, M) gBugercs OyHKLUMENV, KOTOpas BO3BpallaeT OCTATOK
oT mejieHusa N Ha M.

[0147] Tabauua 2 noKasHBaeT YUCIIO cCeKumun u YU CJIO
VCKJIDUYEHHBIX LUKJIMUECKMX OJIOKOB NIJI PAa3JIMYHHX pasMepOB CO3BE3IUSA

(T.e. umcJyio OUTOR Ha Kaxigoe cospesnue M), myia LDPC-xomoB B 16

xkOuT DVB-T2-crTaHmapTa (KoI'Ia MCIONb3YITCAa N=45 LUKJIMUECKUX
BJIOKOB) .
[0148]
TaGmmua 2
Pasmep
M UMCIIO CexXUMuM UMCJIIO MUCKJIIOUWEHHBIX OJIOKOB
co3BE3OUd
QPSK 2 22 1
16-QAM 4 11 1
64-QAM 6 7 3
256-QAM 8 5 5

CorytacHO criocofy repeMexeHus, YIORJIeTROpAlieMy YCJOBMAM 1
M 2, KaK ONMCAHO BHIIE, KaXIoe CJOBO Co3Be3nusa npeodpasyercsa B M
LUKJIMUEeCKUX OJiokoB. TeM He MeHee, IOJsa OOoJbIIMX CO3Be3oum (T.e.
co3BesIUM, MMEIMX MHOT'O TOUEeK CO3BesIus), CIocob IepeMexeHUs,
yOoBJIeTBOpAIMY  ycjoBuaM 1 w2, TpeByeT OUYeHb  OOJBILOTO
KOJIMUEeCTBa PEeTrMCTPOB 3aIepPXKM (CM. peanmM3alMio, OIMCAHHYK CO
CCBIIKOM Ha our. 26-29). Hcnojlb30BaHMe OueHb OOJILIIOTO KOJIMYEeCTRBA
PETUCTPOB NPUBOOUT K  YBEJUMUEHUD IJIOWAOM  CXEMH, a Takxe
noTpedbjieHrss SJeKTPODHEePTUr. I[IoMMMO 3TOTO, YMEeHBIIEHME Uucia
UUKIIMYEeCKUX OJIOKOB, B KOTOpPHE nOpeodbpal’yeTcs KaxIoe  CJIOBO
co3BesIUd, SABJIGETCHS IOJIEZHEIM IJIS YBEJIMUEHUS I[EePEeKPBITUS MEXIY
BHemHyMM (BICM-) wurepaumsaMm M BHyTpeHHuMM (LDPC-) wmrepaumsaMmu, B
CBOI ouepenb, YMEHBIIA S NOJIHOE BpeMsa 3aJePXKN Ha BICM-
IeKOoIVPpOBaHME.

[0149] TlocpencTBOoM MnpeoBpal0oBaHMsa OBYX wiIu ©Oojiee OUTOB
KaxIoITo cJoBa co3Be3INUd B UIEeHTUYHEN LUUKJINYE CKUM 6JI0K
coKpalaeTca UYMCIJIO LUKIMUeCKMX OJIOKOB, B KOTOPHE OpeobpasyeTcsd

Kaxgoe CJIOBO co3zpezamAa. Ynmciio OUTOB CJioBa cozpesnmA,
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npeofpas30BaHHEX B  MIEHTWYHHM UUKIMUYECKuM  OJIOK, Ha3bBaeTCcsd
"koadduumernTom cBepTku" M obo3Hauvaercsa F. Hanpumep, xorma F=2
onnsg  16-QAM-cosBesnusa, Kaxmoe CJIOBO CO3BesIusa Ipeofpas’yeTcs B
UeTHpe LUKIMYUEeCKUX OJI0ka, a He B IOBa. EOMHCTBEHHOE OTpPaHUYEHUE
COCTOMUT B TOM, UYTO kO3QPuuMeHT F CBEepPTKM (KOTOPHM SABJISETCS
LeJILIM UYMCJIOM, OOJIbHIMM eIMHMIE) »OOJIKeH OBITh JejureseM M M m Q.
Korma F=1, cBepTkKa He 3amelCcTBYyeTCs, T.e. CJIydal COOTBETCTBYET
BapmaHTy 1 OCyWeCTBJIEHMS, OIMCAHHOMY BEHIIE.

[0150] KOMIJIEKCHEIM CUMMBOJI QAM-co3Be3OMsa pasjaraeTcs Ha »OBa
VIOSHTUUHBEIX BelEeCTBEeHHBIX PAM-cuMBOna. TaxuMm obpazoMm, M ©OuTOB
QAM-co3Be3OMA PaA3OeNIAnTCA Ha OBA MWIESHTHWUHEIX BeElEeCTBEeHHEX PAM-
CYMMBOJIA, KOTOPHE [ABJISOTCS HabopamMu u3 M/2 O6UTOB. BUTH KaXIOTO
CJIOBA CO3BEe3IMd 3aTeM OIpeobpas3yoTcd B MUISHTHUUHOE UMCIo M/2
LUMKIINYECKMX BJIOKOB . KosddbuimeHT CBEPTKMU F=2 SABJISETCH
IpeMyleCTBeHHBIM IJ1S8 QAM-cos3pesnus.

[0151] I KOMIIJIEKCHBIX COBBEe3IMM, KOTOPHE He MOI'yT OHTH
pPazJIOXEeHB Ha BelleCTBEHHBE uKMcila, K IIpuMmepy, s 8-PSK (dazoBom
MaHunyJsumy) , 16-APSK (aMniamnTynHo-(az30BOM MaHunynaumm), 32-APSK
M T.n. B CcTaHmapTe DVB-S2, crioco® CREepTKM He [gBJISeTCH JIeI'KO
npyMeHMeIM. TeM He MeHee, CIIOCOO CBepTKM SABJISAeTCHd IIPUMEHMMEIM,
Korma F apiseTrcsa pejsmresieM M. K coxalsieHun, 5TO MCKIINUAET KaKyo-—
amBo TapaHTMI TOTO, UTO KaXIBM LIUKIMUECKUMM OJIOK MMEeeT TOJIbBKO
OUTH C UIISHTMYHEM YPOBHEM YCTOMUMBOCTHU nus co3BE3IUM,
npeobpas’30BaHHBIX B HUX.

[0152] [MpeuMymeCcTBEHHO, crioco® CBEPTKHU, HarnpuMmep,
IpVYIMEeHSeTCsaS TakuM oOpasoM, UTO TOJBKO OMTH C MISHTMUHEIM YPOBHEM
YCTOMUMBOCTM B CO3Be3OUAX IIpeobpas’yinTcsa B LUKIMUeCkMe OJIOKM.

[0153] CmepTka Takxe SABJIF€TCHS I[OJI€E3HOW [OPU yMEHbIIEHUU

UMCJIia MCKJIUYEHHHX LIUKIMUECKMX OJIOKOB WIM Jaxe npy yCTpaHEHUN

HeOoOXOOMMOCTHM  MCKJIINYATH Kaxkme—-nmubo HUKIJINYEeCKME BJIOKM . Kaxk
onMcaHo BHINE, ONpEeneJIEHHOE YUCTIO LIMKINYEeCKUX 6JI0KOB,
COCTAaBRJISOIMX KOomoBoOe CJIOBO, JOJIKHO UCKJIOYATLCH, Korma

UCIONE3YETCS  MOIYJIIh IepeMexeHms, OIMCAHHBIM B  BapMaHTe 1
OCylWeCTBJIeHUS (T.e. MOIYJIb NapaliieSIbHOTO IEepeMeXxXeHUs) .
[0154] Bes cCcBepTKU (r.e. xorma F=1l), dmcjao rpynn M

LUMKJINYECKUX BJIOKOB (T.e. uMcJo cekumit) cocrasndger floor (N/M), a
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YMCJIO MCKJIOUESHHHIX LIMKIMYECKMX OJOKOB cocTaBiageTr rem(N, M). Co
CBEPTKON YUMCJIIO Tpynn M/F LUUKJIMYE CKUX OJIOKOB COCTaBJIgET
floor (N/ (M/F)), a UMCJIIO MCKJIOYSHHEIX LUMKJINYE CKUX OJIOKOB
cocraeyser rem(N, M/F). KOHKPETHHM NPUMED STUX UYMCEJI NPMBEIEH B

Tabnuue 3 njusa LDPC-xonoB, MCIONb3yeMuHx B DVB-T2-craHnaprTe.

[0155]
TaGauua 3
Bes cBepTku Co cBepTKOM
HOivHa XKOIOBHEIX Paszmep Umciio Umcito
M Uncio Unciio
LDPC-ciioB CO3BE3IMS VMCKJIIOYEHHE] MCKJIIOUEHHBIX
CeKLMM Cexumm
x OJIOKOB OJIOKOB
QPSK 2 22 1 44 1
16 Kbawnr 16-QAM 4 11 1 22 1
(N=45, 0=360) 64-QAM 6 7 3 15 0
256-QAM 3 5 5 11 1
QPSK 2 90 0 180 0
64 Kbamr 16-QAM 4 45 0 90 0
(N=180, 0=360) 64-QAM 6 30 0 60 0
256-QAM 8 22 4 45 0

ABTOP MUBOOPETEeHMA BHACHMUII TO, UYTO OJIA TOT'O UTOOB BEIIOJIHSATH
CBEPTKY (Opu koTOopoM F aBjdeTCcs LeJBIM UYMCJIOM, PaBHBEIM WU
fonbMM  IOBYX), YCJOBMA 1 UM 2 [OJPKHEL OBITH MOOMOMUMPOBAHE B
ycaoemua 1A m 2A, KakK IPelCcTaBJIEHO HMXe.

[0156] VYCJIOBME 1A

Kaxmoe m3 M OMTOB Kaxiaoro CJioBa CO3ke3ausa npeobpasyeTcsa B
onviH m3 M/F pasjiMuHBIX UUKIMYECKMX OJIOKOB KOImoBOTO LDPC-cJiioBa.
OT0 HABISETCHA OSKBMBAJEHTHBEIM Ipeobpa30oBaHMO OIOHOTO 6mra m3 M/F
PAa3JIMUYHBIX UMKJIMYECKMX OJIOKOB KoOnosoro LDPC-cyioBa B CJIOBO
Co3BEe3IMA. OTO CXEeMaTUUYHO MNPOMIIJNCTPUPOBaHo Ha o¢mur. 31A.

[0157] YCJIOBUE 2A

Bce cJioBa Cco3Be3nouda, npeodpaszsopaHHue B M/F  LUMKIMUESCKUX
OJIOKOB, MNpecbpPal’yonTCsSad TOJBKC B DSTOT KOHKPETHBEM LUMKJINUECKUN
BJI0K. DOTO ABJISIETCS SKBUBAJIEHTHBIM OpeoBpal30BaHuion BCex MxQ/F
B6uTor M/F pasnuHHX LIUKIMUECKUX OJIOKOB, KaXIHM W3 KOTOPHIX
cocTouT ™3 Q 6urToB, TOUYHO B Q/F cospesguil. D2DTO CXEMaATUUHO

NPOMJIIIIOCTPUPOBAaHO Ha oour. 31B.
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[0158] Korma F=1, cBepTkKka He 3aIelCTBYEeTCS, U TEM CaMbM
ycnoBusa 1A m 2A gBJIISOTCS 2KBUBAJIEHTHBIMM YCJIOBMAM 1 M 2.

[0159] BTOPOM BAPVAHT OCYIUECTBJIEHUS

Jlajilee ONMCHBAKOTCHA NOOPOOHOCTM MOOYJIA I[epeMexeHusa OUTOB
(T.e. MOOYJIS napajjeybHOTO epeMexeHmns OuToB) , KOTOPEHII
yOOBJIETBOPSAET ycJjoBuaAM 1A wm 24, IpenCTaBJIEHHBEM  BHIIE . B
HIDKEIPMBENEHHOM ONMCAaHMM, €CJM IIPpMMEeHMMO, o00pafoTka M MOIYJH,
BEIIIOJIHAOIME Takyw o00paboTKy, IIOMEUAKnTCS WMISHTUUHBEIMM CCBJIKAMMU C
HOMEePaMu .

[0160] B HacTOodAmeM IOOKYMEHTE Kaxgas rpynna  wu3  M/F
LUUKJIMUSCKUX OJIokoB wiu  Q/F CJoB CO3Be3OMsa YIOMMHAETCH Kak
CeKLMs CBEPTKM (MJIM KaK CEeKIMI CBEPTKU MOINYJiSI IMEepeMexeHUs) .

[0161] Korma F=1 (T.e. 0e3 CBEpPTKU), CEeKUUM CBEPTKU MOIYJIS
rrepeMexeHmsa COBIamalT C CEeKUMSAMU MOIYyJIS IepPeMexeHUs, UM MOIYJIb
rnepeMexeHms OUTOB MMeeT KOHOMIYPpaLMI, MISHTUYHYID KOoHOUIypaumm
MOIIYJIIO IepeMexeHms OUTOB M3 BapmMaHTa 1 OCYyWeCTBIIeHUS.

[0162] CmepTka OCylWecTBJISeTCsS, Korja F sABJgeTcs LeJbM
yycJyioM, OOoJNbWVM EeIMHUIE. BapuaHT 2 OCYIWEeCTBJIEHMS OIIMCEBAET
[IpUMep CBEPTKMU, ecyiu F=2.

[0163] dur. 32 ABJISETCS BJI0K—-CXeMOM, MIJIIOC TPUPYEe
KOHOUTYpPaLMIO MOIIYJIS epeMexeHms ouToB, YVIOBJIETBOPAMETO
ycyaoBuam 1A wm 2A, korma Q=8, M=4, N=12 u F=2, B KauecTse
IPYTOTO BapuMaHTa OCYMEeCTBJIEHMS PACKPHITUS CYHHOCTH.

[0164] Ha o¢mur. 32, xomomrele QC-LDPC-crnoBa cocTodaTr m3 N=12
UUKIMUYEeCKUxX OJIokoB QB1-QBl2, KaxXnpl M3 KOTOPHIX, B CBOK Ouepelb,
cocTouT M3 Q=8 OuroB. Kaxmnoe uz 24 CJIOB CO3BE3OMS COCTOUT U3
M=4 ouroB. Kaxmoe CJOBO CO3Be3IMd yKa3mBaeT OIOHYy M3 2M=16 Touek
cosBeznua. Monysnb IepeMexeHusa OUTOB paszensercsa Ha FxN/M= 6
CEeKLUMM CBEPTKM, M KaxImoe M3 24 CJOB CO3BE3OMS acCCoLUMpPpyeTCcs C
omHo” m3 FxN/M=6 CeKUMui CBEPTKMU.

[0165] Monyne 2000A nepeMexeHMda OUTOB BKJOUaeT B cebd
mMonyJsie 2010A rmepecTaHOBKkM OMTOB. Monynb 2010A r1epecTaHOBKU
BuToB BKJKOUaeT B ceba FxN/M=6 wmonysey 2021A-2026A mnepecTaHOBKU
CeKluM¥ CBEPTKM, KaxXIHM M3 KOTOPHX paboTaeT He3aBUCUMO. BMecToO

npernocCTaBJIieHVA WeCTU MO,Hy.TIeﬁ nepeCTaHOBKY ceKkuum CBEepPTKM, MOXeT
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NPenoCTaBJIATECS OIMH MONYJIb I[IE€PeCTaHOBKM CEKUWM CBEPTKM, C TEM
UTOOEl BHIIOJIHATHE WECTb (HWXESONMCAHHHEIX) [IPOLIECCOR IIepeCTaHOBKU
CEeKLUUM CBEPTKM, C IIePeKJINUeHMEeM MexIy HMMU BO BPEMEHU.

[0166] Momymm (20217, 20227, 2023A, 2024A, 2025A, 2026A)
[IEePEeCTaHOBKYM CEKIUMM CBEPTKM SABJIAKRTCH HE3ABUCUMEIMM, M KaXIOHM U3
HUX TIPYMEHSEeT OPOLEeCcC [HePeCTaHOBKM CEeKLMM CBEPTKM Kk 16 OurTam us3
IBYX LUKJIMUECKMX OJIOKOB Tak, 4To F=2 06ura M3 Kaxgoro ms M/F=2
LHUKJIMUeCcCKux OJIokoB (QB1-0B2, 0OB3-0B4, O0OB5-QB6, OB7-0B8, OQOBYS-
QB10, QBl1-0Bl2) mnpeo®pal’ylTcs B HaHHEN HADOOP M3 UYeTHPEexX CJIOB
cospesnusa (C1-C4, C5-C8, C9-Cl2, C13-Cle, C17-C20, C21-C24).

[0167] Yecanorusa 1A u 2A, ONViCaHHEIEe BHILIE, OpoCTO
obecrneumBanT TO, UYTO MOOYJb IEepeMEXEeHMA OMTOB HOEeJMUTCsS Ha FxN/M
rnapajulesIbHEIX ~ CeKLMM CBepTKM. [lepeCcTaHOBKM CeKLUMM CBEepPTKH,
IpUMeHsSeMEle K IrapajulelJIbHEIM CeKUMSAM CBepTKM, MOI'YT I[IPMMEeHITH
UIIEHTUUHEIE npaswnia IepecTaHoBKY, MOT'YT KaXITbi IPUMEHSITH
pas3jiMUHBEIe IIpaBuila IIepPecTaHOBKM WMJIM MOI'yT 3akjwoyares B 2 cebe
rmonHabop Ccexumy, IIPVMeHSOIMX MWIeHTHUUHBEe [TPaBuila IIepeCcTaHOBKM,
TOI'Ja Kak IOPpYyI'Me IPUMEeHSIT OTJIMUHEBLE .

[0168] HanpuMep, MOIyJM IlIepPeCTaHOBKM CeKUMN CBEPTKM MOIYT
npeobpasopeBaTh Q OMTOB M3 KaAXIOI'0 LIUKIIMUECKOI'O OJioka B OMTH
Q/F cJyioB cCo3Be3aus, UWMENIVX WISHTUUHLY YPOBEHbL YCTOMUMBOCTMH.
9TO MOPOMJIIOCTPUMPOBAHO Ha omr. 33A, 33B, 34A w 34B s ciyuas,
Korma Q=8 wm M=4.

[0169] our. 34A sapiseTcsa OJOK-CXeMOM MOIYJia I1epeCTaHOBKM
cexumuy (cBepTkM), kxorma F=1 (r.e. ©6es CBEepPTKU) U SBISETCH
AHAJIOTUUHEIM Gur. 22A.

[0170] dur. 34B aBJjigeTcd OJIIOK—-CXeMOun OBYX MonOyJien
IepecTaHOBKM CEeKUMM CBepTKM u3 omr. 32, kxorma F=2 (T.e. coO
CBEPTKOM) .

[0171] Tem He MeHee, B HOpuMepe o o¢ur. 34B, cospesnusa
aBasoTca  16-QAM-cozBezmuaMm. TakuMm obpaszoM, OUTEl CO3BEe3OUN
VMET IIBa YPOBHA YCTOMUMBOCTM. BuTel bl m b3 uMenT MIOIEHTUUHBN
YPOBEHE YCTOWUUBOCTHM, ¥ OMTH b2 1 b4 uMenT MISHTUUHEM YPOBEHDb
YCTOMUMBOCTHM, I[IPUUEM IIE€PRBRBM YPOBEeHB YCTOMUMBOCTM OTJIMUAETCS OT
BTOPOT'O YPOBHS YCTOMUMBOCTH.

[0172] Kaxmemr w3 wMoznyJner 2201A (n 2202A) [NepeCTaHOBKU
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CeKUMM CBEepPTKM BKJOUaeT B cebs womynb 2131A (mam  2132A)
[IEPeCTaHOBKM CTOJIOLOB U CTPOK.
[0173] Kaxzmemr wu3 wMomyJem 2131A (mu 2132A) 1nepecTaHOBKU

CTOJIOLIOB M CTPOK BHIIOJHAET [IPOLECC IepeCTaHOBKM CTOJOLOB
cTpok g QxM/F=16 uuxkanueckmx OJjiokoB OBl m QB2 (mum QB3 u

QB4) . Ecym TouHee, wmomynu 2131A (n 2132A) nepecTaHOBKMU CTOJIOLOB
M CTPOK 3BamnuchHpBanT QxM/F=16 OuTOB IO CTPOKaM B MaTpuuy QxM/F

(8x2), a BaTemM CuUuMTHBALT 16 OMUTOB, 3alMCAHHHX TakuM 00pasoM, II0
crToJsidbiam, UTOOBl BEBIIOJIHATE [NPOLECC NIEepPeCcTaHOBKM CTOJOLOB U
cTpok. IlepecTaHoBka CTOJIOLOB M CTPOK, I[IPMMEHSeMass IIO0CPeICTBOM
monysier 2131A m 2132A 1repecTaHOBKM CTOJNOLIOB M CTPOK, HATIOMMHAET
IepecTaHoBKY, MpuMeHsgeMyln K MaTpuue 12x1350, mnokaszaHHOM Ha our.
9A m 9B, B KOTOPOM MUCHOJNBIyRTCHS Q cronbuoB m M/F CcTpok, IIpolLecc
3arnmncu OCyIEeCTBIIAETCS 1o CTPpOKAaM, a mpolecc CUUTEBAHUSA
oCcylleCcTBJISEeTCS 10 CTOJIOIaM.

[0174] CmeprTka C kKO2QIMLMEHTOM CBepTKM F CcokpalaeT uMCIio
UUKIINYeCKUX OJIOKOB, IIpeobpas30BaHHEIX B OIHO CJIOBO CO3Be3OMd.
TaxmuMm oOpasoM, MaTpMila, MCIIOJb3yeMasa B IepeCTaHOBKe CToJIOLOB U
CTPOK, YyMEHbIIaeTcs 10 pas3Mepy ¢ M crpox no M/F crpok.

[0175] dur. 33A wnocTpupyeT  QyHKUMIO —rpeobpaszoBaHusd,
BRIMOJIHAEMY ITOCPEICTBOM MOIYJIS [EePEeCTaHOBKM CeKLUUN (CBEPTKM) U3
bur. 34A. dur. 33B wuanocTpupyeT  byHKUMIO —IOpeobpa30BaHMd,
BEIIIOJIHIEMYK  [NOCPEICTBOM IBYX MOIYJIeM I[IepecTaHOBKU  CEeKLUM
ceepTku u3 our. 34B. Ha o¢ur. 33A m 33B, Kaximoe CJOBO CO3Be3nUA
M=4 ©6ura obozHauaeTca bl-bd. UYactu, obOBemeHHHEe ©OO0JIee TOJICTBEMU
JIMHUIAMM, OPEenCTaBJISOT YacTy, OpeodfpasoBaHHEE B co3Besgue Cl.

[0176] Kak nokasaHo Ha our. 33A u 34A, KaxOel M3 BOCBMMU
OUTOB LUKJINYECKOT'O BJoka (MMennmmx PABHYD 3HAUMMOCTH )
npeobpasyeTcsas B OMUTEH BOCBMM CJIOB CO3BEe3IMd, HUMellMe MISHTUUHBIN
OUTOBEI MHIEKC (T.e. MMeole MUIeHTUYUHHM YPOBEHb YCTOMUUBOCTH) .
KpomMe TOTO, Ha our. 33B m 34B, BOoCeMb OMTOB LMKIMYECKOTO OJIOKa
(MMenIMX PAaBHYK 3HAUMMOCTE) Ipeobpaz’ylnTcsa B OWMTE dYeTHpexX CJIOB
COBRBREe3IMS, MMeK Ve MISHTUUHEY YPOBEHb YCTOMUMBOCTU.

[0177] IepecTaHOBKa CEKLUM CBEPTKM, OINMCaHHasa Ha our. 34B,

MOXEeT IMNPUMEHSATHLCS K LUMKAIMYeckuM OJokaM QB5-QB6, QOB7-QB8, QB9-
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QOB10 m QR11-QB12.

[0178] Monynn MHEPEeCTaHOBKM CeKLUUM CBepTkM 0 ¢ur. 34A u
34B Takxe MOT'YT BKJoOYaTLE B cebs IOIMOZIYJIb, BEHITTOJTH AN
BHYTPEHHI© IepeCcTaHOBKY LIUKJIMUE CKUX BJIOKOB s OUTOB
UUKJIMUeCKUX OJIOKOB QB1-QB4 mo mepecTaHOBKM CTOJIOLOB M CTPOK.

[0179] [IlperMyme CTBEHHO, OOINOJIHUTEJILHA S IepecTaHoOBKa
UUKJINMUECKUX OJIOKOB MOXET MNPUMMEHATHCS K N LUKIMUECKUX OJIOKOB IO
TOTO, KaK MOOYJIb [epeMexeHuss OWMTOB BHIIOJHSIET [IePeCTaHOBKY
CeKLumn CBEPTKU. our. 35 ABJIAETCSH CTPYKTYPHOM cxeMom
IOOTMIOJIHUTEJILHOM [IEePeCTaHOBKUM LUKJIMUECKUMX OJIOKOB, IIPUMEHSIEMOU
MIOCPEeICTBOM MOIYJIS TepeMexXeHus OUTOB.

[0180] Momynbe 2300A nepemexeHus OMTOB, I[IOKA3aHHHM Ha OUD.
35, BkJouUaeT B ceba mMomysb 2310 mepecTaHOBKM LUKIMUECKUX OJIOKOB
n wMmonmysib 2010A repecTaHOBKM OMTOB (KOTOPHM, B CBOKO OUYepellb,
BKJIIOYUAET B ceba wMonmyym  2021A-2026A  1repecTaHOBKM  CeKUUN
CBEPTKH) .

[0181] O®ur. 36 gBILSETCS TIPUHLUIKATBLHOM OJIOK-CXeMOM MOJIyJIs
3500 mepemexeHus OUTOB, IOKA3AHHOI'O Ha our. 23.

[0182] Monynb 2400A mnepemexeHus OWUTOB, IIOKA3aAHHBEM Ha OUI.
36, BxyouaeT B cebsg monyisib 2310 repecTaHOBKM LUKIMUECKUX OJIOKOB
n Momysib 2200A nepecTaHOBKM OMTOB (KOTOPHM, B CBOK OUYepensb,
BKJIOUaeT B ceba wmomysim  2201A-2206A  1IepecTaHOBKM  CEKUUM
CBEPTKH) .

[0183] Kaxzmewmr m3 Moxnyyiem 2201A-2206A 1repecTaHOBKM CeKLUM
CBEPTKM BKJIOUaeT B cebs wMonysns 2131A-2136A 1epecTaHOBKU
CTONIBLIOR M CTPOK. Kaxmem w3 wMomysey 2133A-2136A rnepecTaHOBKU
CEKLMM CBEPTKM BHIIOJHAET NPAKTHUUESCKM UISHTHUUHLBE IIePEeCTaHOBKMU C
MonmysiaMmm 2131A-2132A mepecTaHOBKM CTOJNOLOB M CTPOK.

[0184] Kaxnmel M3 MOOyJIeM IIepeMexeHmusa OUTOB, I[IOKas3aHHEIX Ha
bur. 35 m 36, MOXeT BKJIOUATL B cebd IONOJHUTEJLHBENM HOIMOIYJIL,
BBEIIIOJIHAKOIMY BHYTPEHHIK IE€PeCTaHOBKY LMKIMYECKUX OJIOKOB  IJId
OUTOB LUUKIMUeCkUx 6O6JokoB QR1-QBl2 @mo miIM [ocje IepeCTaHOBKU
LIUKINYECKUX OJIOKOB.

[0185] Hamee omOoMceEBaeTCda Iepelapliee YyCTPOMCTBO, KOTOpoe
BKJIOUAEeT B cebga MOIOYJb IepeMexeHus OMTOR, BHIIOJHSIOIMM IPOLecc

rnepeMexeHmus OUTOB, KOTOPHM YIOBJETBOPAET YycCJoBMAM 1A um 2A, CO
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CCHUJIKOM Ha our. 37.

[0186] dur. 37 ABJIAETCSH DIIOK—CXEeMOM nepenanmero
YCTPOMCTBa, CBS3AHHOTO C IOOMIOJIHUTEJILHEIM BAPMAHTOM OCYIECTRJIEHUS
HaCTOfAWeIro PpPacKpPHETUA cymHocTu. llepemapomee ycTpoucTso 25004,
mokaszaHHoOe Ha bour. 37, uMeeT KOHOUTypauuo, AHAJOTHUUHYIO
KOoHbUTypauuw nepemamwmero ycrpoucrea 2500 mo dur. 25, c oTamumem
B TOM, uTO MOOyJb 2520 mnepemexeHMs OMTOB 3aMeHSAETCS MOIYJIEM
2520A nepemexeHuUs OUTOB.

[0187] Momyns 2520A nepeMexeHus OMTOB HNPUHMMAET KOIOBOE
cjioBo B QC-LDPC-xome uz LDPC-xomepa 2510. KomoBoe CJOBO COCTOUT
3 N=12 UUKIVYECKUX OJIOKOB, I[IPUUEM KaXIbM LUKJINUECKU OJIOK
BKJIDUaAEeT B ceba Q=8 OuToB. Momynbs 2520A mnepeMexeHus OUTOB
BEIIIOJIHAEST I[epeMexeHMre nnsa OMTOoB KOIOBHBIX CJOB. Momyns 2520A
rrepeMexeHuss OuUTOB pazlesisgeT IepeMexeHHOoe KOJIOBOe CJIOBO Ha
MHOXECTBO CJIOB CO3Be3IMs, Kaxloe K3 KOTOphX cocTouT wu3 M=4
6uTOR M ykKaszepBaeT onHy u3 2Y=16 Touex CO3Be3NMS, a BaTeMm
BEIBOIIMT CJIOBA CO3Be3nmsa B MonyJik 2530 npeo®pazoBaHMs CO3BE3IUM.
Momyiib 2520A rnepeMexeHus  OUTOB  MOXeT  IIPVMEHSTH rnpolecc
rnepeMexeHms OUTOB, TIIOSCHEHHBM CO CCBUIKOM Ha owur. 32-34, win
MOXeT I[PMMEeHATh BapMaHT IIpolecca I[IepeCTaHOBKM OUTOB (za
VCKJIOUeHMEM CJiyyaeB, B KOTOpeXx F=1). Kpome Toro, wmomysb 2520A
repeMexeHus OUTOB  MOXET  I[PUMEHSATH  OOINOJIHUTEJILHBEIL  IIPOLIECC
[IEPEeCTaHOBKM LUKJIMUYECKUX OJIOKOB (3a MUCKINUYEHMEeM CJiydaeB, B
KOTOpEIX F=1), k npuMepy, IIPOLEeCC, [IOSACHEeHHBM CO CCEUJIKOM Ha our.
35 m 36, WM ero mM3MeHeHUe.

[0188] Jajsiee omuMCHBAETCA I[PMEMHOE YCTPOMCTRBO, IIPUHVMAKIIES
CUTHAJIEL M3 I[Iepelanmero YCTPOMCTBa, KOTOopoe BkJodUaeT B cebda
MOIYJIE  IepeMexeHus OUTOB,  BHIOJHSOIMNI OPOLECcC IepeMexXeHUd
OUTOB, KOTOPHM YIHOBJIETBOPSET yCJOBMAM 1A um 2A.

[0189] owmr. 38 gaBusgeTcs OJIOK-CXEeMOM IIPMMEePHOTO IIPMEMHOIO
YCTPONCTRA, BKJIIOUaKIEro B cebsg HeuTepaTuBHEM BICM-nexonmep,
CBS3aHHBIM C JIOMNOJIHUTEJIBHEIM BapMaHTOM OCYUWECTBJIEHMS PaCKPBTHUS
CYWIHOCTHM. IIpMeMHOe YyCTPOMCTBO BBIIOJIHAET ONepaluumM IIepenanmero
ycTporicTeBa B ofOpaTHOM nopanke. IllpuemHoe ycrpoucTteo 2700A,
nokasaHHoe Ha  ur. 38, ¥YMeeT  KOHQUIypaluo, AHAJIOTUYHYIO

KOHOUTypauum nOpueMHOTO ycrpomcTrBa 2700 no oémr. 27, C oTAMUMEM B
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TOM, uYTO MOImysnb 2730 oOpaTHOTO NepeMexeHus OUTOR 3aMeHsAeTCs
nocpencTtBoM Momysiga 2730A oBpaTHOTO IepeMexeHMsa OUTOB.

[0190] Monmysnp 2730A o0paTHOTO HepeMexeHMs OMTOB BBIIOJIHIAET
npolecc IepeMexeHus oJsg MATKOM OMTOROM [OCJIeNOBaATEeJILHOCTHU,
BEIBOOMMOM ¥3 MonyJysa 2720 obpaTHoro npeofpaszoBaHMsa CO3Be3OuM, C
TeM UYTOOBl OTMEHSATb MPOLEeCcC IMNepeMexeHusa OUTOB, MNPMMEHSIEMEI K
OMTOBOM IIOCJIENOBATEJNIBHOCTM IOCPenCTBOM Monyina 2520A mnepeMexeHUS
ObuTor B nepemamomem ycrpomctee 2500A.

[0191] Oowr. 39 aBusercs OJOK-CXEMOM IIPMMEPHOTO IIPUEMHOIO
YCTPOMCTBA, BKJINUamero B cebga HeuTepaTuBHEM BICM-mexonep,
CBS3aHHEM C JOMNOJHUTEJLHEIM BaPMAHTOM OCYIECTRJIEHUSA PaCKPHTHUS
CYWHOCTU. I[lpMeMHOe YCTPOWMCTBO BHIIOJHAST Olepaluy IIepernanmero
ycTpoucTBa B obpaTHOM Hopsanke. [lpumeMHoe ycTrpomcTeo 28004,
ToxaszaHHoe  Ha  our. 39, vMeeT — KOHOMI'Yypalmo, AHAJIOTMUHYIO
KOHbUTypauum npmeMHoro ycrpowicra 2800 ro our. 28, c oTiMumeM B
TOM, UYTO MOIyJib 2730 obpaTHOTO rnepeMexeHms OuToB M MOIyJib 2750
rnepeMexeHms OMTOB 3BaMeHSoTCs rocperncreoM MonyJsis 2730A obpaTHOTO
rnepeMexeHus OuToR u MomyJsis 2750A oBpaTHOIO IepeMexeHMs OUTOB.

[0192] Monyne 2750A nepeMexeHus OUTOB BHITOJIHAET I[IPOLECC
rrepeMexeHus JJia BHewHelr uHQoOpMaUMM C  MCIIOJIB30OBaHMEM IIpaBUII
[IepeMEeXeHus, MIOEHTUUHBIX npaBuiiaM IIepeMexeHms rnpouecca
[IepeMexeHmus, [IPVMEHSAEMOTO K BuTOBOM I0CJIENOBATEJILHOCTHA
rnocperncTBoM MoOnyJsis 2520A nepemexeHms OuTOB B [Iepelraplem
ycrpomcree 2500A.

[0193] C ToukmM 3pPeHMs arrnapaTHOM peajm3aumy CBepTKa
ABJISETCH  XeJlaTeJIbHOM B  TOM  CMBICJE, yTo, HarpuMmep, OUTH
co3BesIUg 3a cueT 3TOTO HaxXoOaTCs B MEeHBIIEM uycIe

MECTONOJIOXEHUM  3aloMMHalero ycTpovcTea nna  LLR. TUnmyuHo,

3aloMMHaplee yCcTpoOMCcTBO nna LLR B mexomepe BkJIouUaeT B ceba GxN
aIpecyeMblXx MECTONOJIOXEHUM  3aloMMHAKIIETO YyCTPOMCTBA, npuyem
KaxInoe MEeCTONOJIOXeHMEe IOoNycKaeT coxpaHeHre Q/G LLR-3HaYEHUN.
3mecy, G mOpencraBiageT coboy MapaMeTp peajausaluM, KOTOPBIM
aBasgeTca ngeauresreM Q, M B OaJbHEMIIEM Ha3BBaeTCcsa "CTeNeHbo
merTanu3saumum 3aroMyHaILEero ycTpoucTra'. MecTOnoJIOXEeHN

3anoMMHaKpmero ycrpomcrea onua LLR B nexomepe u  LLR-3HaUeHUdA



477

[IEPBOTO CO3Be3IMA IokaszsaHel Ha our. 40, rme M=4, F=2, Q=12 wu
G=1-12.

[0194] Ymcio LLR-3HaYeHUM Ha Kaxmgoe MECTOINOJIOXEHNUE
3aIoMMHAaRIEe T O YCTPOMCTRA, T.C. 3HAYSHUMN Q/G, obsa3aTesyIbHO
aByideTca KpaTHeM F. LLR-3HaueHMAa Kaxmoro CO3Bes3OMda TEM CaMbIM
COXPAaHSAOTCS B MISHTUMYHOM I[HOBULUMM BO BCE€X MECTONOJIOXEHUSIX
3arnoMMHaRIeTO YCTPOMCTBA. 9To ofecneuwBaeT TO, uTO LLR-3HAUYEHUS
JI0B60T0 cJIoBa co3Be3OuA COXPAaHAKNTCHA B M/F  MEeCTOMNOJIOKEHUNA
3arnoMmMHanIET0 YyCTpoMcTBa. KoHTpnpmMep npueeneH Ha o¢ur. 40, Ha
xkoTopoM G=4, m 12/4=3 LLR-3HAUeHMS COXPAHAKNTCI B  KaXIOM
MECTOINOJIOXEHMM 3aloMMHAKIETO ycTpoucTBa. Kaxnoe m3 LLR-3HaYeHUN
BTOPOTO M  HOATOTO CJIOB  CO3BesIMs COXpaHseTCcsa B UeTHpex
MECTOIIOJIOXKEHUAX 3anoMMHAKIEeTO yCTponCcTBa, a He B OBYX
MECTOIIOJIOKEHUSX SBallOMMHANWETO yCTPONCTRa .

[0195] B mornoJsiHeHMe K I[pocTsiM QAM-co3Be3IMsaM, B KOTOPBIX
crepTka C F=2 saprssgeTcs IIPUMMEHMMOM, CRepTKa SBJIAeTCcs naxe obojee
[IoJIe3HOV, KoIJa IBa wiy OoJjiee CHMMBOJIOB CO3Be3IMs COBMECTHO
nexonmpyiorcs. CoBMeCTHOE IeKOoIMpoBaHMe HeOoOXOoIMMO, HallpuMep,
IJ1g OeKoOMpoBaHMsa 10 CIocoby  MakCUMAaJIBHOT'O  [IpaBIolonodms
OITOUHEIX KOIIOB (HanpuMep, IIPOCTPAaHCTBEHHO~BPEMEHHEIX KOIOB,
[IPOCTPAHCTBEHHO-YACTOTHEIX KOIOB ¥ T.II.) M Oj8a UUMKIMYEeCKU
CIBMHYTEIX CO3BE3IOMM B IBYX WM OOJiee M3MEPEHUIX.

[0196] B obmeM, OJIOUHEIM KOI KOIMPYeT IBa uiu 0oJjiee BXOIHEIX
CMMBOJIOB (Hamnpmmep, Xi, ..., Xgk) B @OBa wuiIu OoJiee BHEXOIHBIX

CMMBOJIOB (HanpmuMmep, Vi, ..., Yyiu). 3necs, L, 110 MeHblleN Mepe,

paBHO K. BJIOUHBHIE KOIB MOIENUMPYITCS B I[opoxmawnmer martpuue LxK.
3mechb, BeKTOP Y BEXOINOHEIX CHIHAJIOB IIOJYyYEH B KadecTBe pesyJlibTaTa
JIEBOT'O YMHOXEHMS BeKTopa X BXOOHBEX CUTHAJIOB Ha [ITOPOXIARIYIO
mMaTpuny G (r.e. Y=GX).

[0197] OSxnemeHTH BekToOpa X BXOIOHBIX CUITHAJOB M BekTopa Y
BBIXOIHBIX CUTHAJIOB, a TakKxXe 3JIeMEeHTH IIopoxIawniel MaTpulel G MOTYT
OBITE BEUIECTBEHHBIMM MM KOMIIJIEKCHBIMM. B 3aBUCHUMOCTM OT THIA KoIa
BEKTOP Y BBEIXOIOHBIX CHUI'HAJIOB MOXeT OBITh IIEpelaH B pPasJIMUHBIX
BPEMEHHEIX CJIOTax WM B PazJIMUHBIX UYaCTOTHBEIX CJIOTaxXx, MOXeT OBITb

rnepernaH 1o Pa3JIMYHBIM aHTEHHaM 1ZBI8%) MOXeT OBITH rnepenaH C
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VICIIOJIE30BAHMEM MHOXECTBA PAB3JIMUHBIX BPEMEHHBIX CJIOTOB, YWAaCTOTHBIX
CJIOTOB ¥ AHTEHH.

[0198] B mnpueMHOM YCTPpOMCTBe TpebyeTcsa HOeKOOIMPOBaHMUE IIO
crocofy MakKCMMAaJIbHOTO MIpaBOononodms, dYWTOOHE IOeKOOUPOBATH BCe
BJIEMEHTH BeKTOpa X BXOOHBEIX CUTIHAJOB. [IpuMepsl OJIOUHEIX KOIOB IJIA
CHCTEM CO MHOTMMM BXOOAMU M MHOI'MMM BHEXOIaMy (B »OaJIbHEMWIIEM B
3TOM OOokyMeHTe, MIMO) BkjawouaiT B cebs kxomou AjlaMoyTH, KOOI
T'olmeHa ¥ OPOCTPAHCTBEHHOE MYJIBTUIINIEKCUPOBAHUE.

[0199] Korma K CHMMBOJIOB KOIUPYETCHS B MIEHTHMUHOM OJIOKe,
KO20bUIIMEeHT CBEPTKM BIJIOTH 0O K 0OUeBMIOHO ABJIAETCH IIPMMEHMMEM.
LONOJIHUTEJNILHO, IIPpU YCJOBMM, UYTO CHMBOJE ABJIANTCA QAM-CHMMBOJIAMU
(BrypUanMM B cebsa OBa JeJauMMelx PAM-CcHMMBOJIA), B TakOM CJydae
Ko2bduIIMeHT CBepPTKUM MOXeT OBITE yBeJMueH no 2K.

[0200] CorylacHo IOIOJIHUTEJIE HOMY acIriexTy HacToamwero
PACKPBITHA CYIHOCTM, KOI'Ila CO3Be31Msa pPalJIMUHBIX pPasMepos, T.e.
MOPUIHEIE CO3BEe3IUs, COBMECTHO KOIAMPYIOTCS, IBa CO3BEe3IMda UMEKT
pasJiMyHele YPOBHU YCTOMUMBOCTH . Taxkmm obpaszom, HarpuMmep,
UMKIIMYeCcKuy ©OJIoK, B KOTOPEM peobpasyiorcs OMTH OIHOI'O CJIOBAa
cozpe3nud, oTIMyaeTcsa oT UMKJIMYECKOT'O Biioka, B KOTOPHIM
npeocbpasynrcsa OUTE OPYI'OTO CJIOBa CO3BE3IMA.

[0201] Harnee OIMCHIBaETCHA npuMep MIMO-cucTEeMsl C
KOIMPOBaHHBEIM IPOCTPAHCTBEHHBIM MY JIb TUIIJIEKCUPOBAHMEM C
MCIIOJIb30BAHMEM [BYX Iepelapnnmx aHTeHH. KOMIJIEKCHBEM CHUITHAaJ 0
KOIMPOBAHMUSA NpencTariseT cobom X=[x1 x2]. B31ech, X1 SABJIsSeTCH
CUIT'HAJIOM, K KOTOpOMYy IpuMeHeHa QPSK, a X, gBjdgeTcd CUI'HAJIOM, K
KOTOPOMY [prMeHeHa 16-QAM. KoMrijie KCHBEI CHUIHajj rocJjie
OeKOOVUPOBAHMSA Ipencrasidger cobor Y=[y1 vy2]. B3Bmecs, y1 ¥ V2
ABJIAITCS CHUIT'HaJlaMM, COOTBETCTBEHHO, IIepemaBaEeMBMY IIOCPEOCTBOM

[IepBOM aHTEHHBl ¥ BTOPOM AHTEHHH. Y IOoJIlydaeTcsa uepes3 JeBoe

YMHOXeHMe X Ha nopoxinaomyil Matpully G 2x2 (opudueM 5sieMeHTH G
MOTYT ORITE BEIECTBEHHBIMM MM KOMIIJIEKCHBEIMM) (T.e. Y=GX).

[0202] dur. 41 wIOCTPUpPYeT OpuMep InpeobpaszoBaHuUA  C
KOo2bOUIIMEHTOM CBEPTKU F=2 NOpM MyJbTUIJIEKCUPOBaAHUM QPSK-CHUMBOJIOB
¢ 16-QAM-cuMBOJIAMM B OIOHOM ©OJIOYHOM kKozme. Our. 41 ykazwBaer

TOJIBKO IIEPBEIE CEMb OUTOR LUKIMUECKMX OJOKOB. J[JIBa KOMIIJIEKCHBIX
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CYMBOJIA X1 ¥ X2 MMEDT CJeOylyl KOHPUIypaluuo.

[0203] - x1 saBjgsgercs QPSK-CUMBOJIOM, MMEKIMM BelleCTBEHHYI
yacTbh bl u MHMMYyK UYacTb b2.

[0204] - x2 aBjasgercs 16-QAM-CHUMBOJIOM, MVMEKRIMM BeleCTBEHHYIO
yacTbe b3 u bd m mMmenmyMM MHMMEE uYacTty b5 m b6.

[0205] [Ima cuMBOJI& COBMECTHO »IEeKOIUPYITCH I[IOCPEernCTBOM
IPMEMHOTO YCTPOMCTBa M TeM CcaMbM O(opMUPYIT OJIOK CO3BE3OUSA WU
COOPMUPOBAHHEIN OJIOK.

[0206] Becb 6-0OMTOBEHM OJIOK CO3Be3IMs MMeeT TPpU YPOBHHA
YCTONUUBOCTU .

[0207] YporeHb 1: QPSK-0OuTe bl m b2 npeobpasyorca B QB1

[0208] VYpoeeHb 2: 16-QAM-6mTH b3 m b5 npeobpasyworca B QB2

[0209] VYpomeHb 3: 16-QAM-0OuTH b4 m b6 npeoBpaszsyiorca B QB3

[0210] Korma onHO wu3 cozpeznun umeer M1 ©O6uToB, a JIpyroe
cozpesnve wuMeeT M2 OUTOB, UMKIMUECKMe ITpyrnrnsl N paszifaessoTcs Ha
onHy wim OGoJjiee rpyrInn mM3 Ml OuKIMUecKux OJIOKOB UM OIOHY MM OoJsee
Tpyrn w3 M2 UMKINYEeCKMX  BOJIOKOB, dYTOOBI  BHIIOJIHATEL  IIPOLIECC
repeMexeHmns OUTOB.

[0211] TPETHMI BAPMAHT OCYIHECTBJIEHUA

Llajilee OIMCHBAETCS IIPUMEPR MOIYJIg TIIepeMeXeHMs, BHITOJIHARIETO
CBEPTKY B ciiydae, eciam N He gapjidercd KpaTHeM M.

[0212] dur. 42 WILJIOC TPUPYET LUMKJIMUE CKUMI BI10K,
rnoaBepIraKmMmncs, M UMKJIMYeckum  OJIoK, MCKJIOUEeHHBM U3 (Tr.e.
MCKJIOUEHHBEM OJIOK) T[poliecca IIepeMexeHmus, Korma F=2, OIMCaHHOTO
BRIIE . Ha owur. 42, xkon  saBjsercsa LDPC-xogoM B 16 bur,
cooTBeTCTByKmMM DVB-T2-cTaHmapTy, M CcO3Be3nue gpiasercs 16-QAM-
cosBesaueM. Kak nokaszsaHo, 44 u3 uukIMUeckUxX OJIOKOB NOIBEpPTranTCsd
nepeMexeHN (r.e. ojioxkm 1-44), ¥ UMKIMYeckus ©Ojok 45, B

IocJyieTHen CTPOKE, ABJIAETCHA OIoHVIM LIMKIJIINYEe CKUM GHOKOM, He

nonBeprapLyMcs IIepeMeXeHMI (T.€. MCKIKYEeHHBEM OJIOKOM) . UYeTepe
3aTeMHEHHEBIX KBajpara npencrasigoT dyeTspe ouTa epBoIo
co3Be3IMA.

[0213] our. 43 grageTcsd OPUMHUMOMAIBHOM OJIOK-CXeMOM MOIyJisd
rnepeMexeHusd OMTOB, BBIIOJIHANIIETO CBEPTKY, KkKorma N He 4gBJgeTCcH
KpaTHEIM M. JJoig HOPOCTOTH, 3aljalTcd cJjaelypouMe 3HadeHuda: N=13,

Q=8, M=4 u F=2.
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[0214] Umcrmo cexumiy cBepTku cocraraser floor (N/ (M/F))=6, a
UMCJIO MCKJIDUEHHEX LIMKIMUYECKMX OJIOKOB cocTtasuser rem(N, M/F)=1.

[0215] Mogmyne 2000B nepemexeHus OuTor BHOMpaeT 13-1=12
LUKJIMYEeCKMUX OJOKOB M3 UMCJa LIUKIMUecKMx ©O6J0koB QB1-QB13, Tak
UuTO BHIOPAHHEE LUKIMUeckue OJoku QBl1-QBl2 yIOBJIETRBOPSAKNT YCJIOBUAM
Al wm A2 m nomBeprawnTcsa nepeMexeHuno. Monynb 2010A nepecTaHOBKU
ouTtoB B MonyJie 2000B mnepemMexeHusa OMTOB BBIIOJIHAET [IPOLeEcCC
NepecTaHOBKM, OINMCAHHBIM CO CCBUIKOM Ha oOour. 32, s »OBeHaIllaTu
BHIOPAHHBIX LUKJIMUECKUX OJiokax. XoTsa OUTH UMKIMUeCkOoTo OJoka QB13
30eChb npeodpasyrnrcsd B CJIOBO coszBe3IUA tes [IepEMEXEHNSH,
[IepeMexeHe TakxXe MOXeT IPUMMEeHATLCH OO Opeofpasz0oBaHMS B CJHOBO
co3Be3IuA.

[0216] B KaueCcTBe npuMepa MOIOYJIs IEPEMEXEHNS, HEe
BHIIIOJIHAKIIET'O CBEPTKY, KkKorzma N He 4gBjgeTcsa KpaTHEM M, MOIyJb
2010A rmnepecTaHOBKM OMTOB, IIOKAZAHHHM Ha Our. 43, wMmoxeT OBTH
3aMeHeH rocpencTsoM wMonysigs 2010 rmepecTaHOBKM, IIOKABaHHOT'O Ha
bur. 20.

[0217] IOCOHIOOJHEHVE 1

Hacrosamee nzobpeTeHue He OT'PaHUUYEHO BEIIEOIMCaHHBIMM
BapMaHTaMM OCYILeCTBJIeHus. I[lpM yCJIOBMM, UYTO JOCTUIATCH LeJu
n300peTeHud n npunijaraeMee uenu, TaKxe BO3MOXHEL opyrue
M3MEHEHMd, K IIpUMEepy, cienayouue.

[0218] (1) BapuanT 1 OCyWECTBJIEHMSA OINMUCHIBAETCS BBIIE C
MCIoOJIb30BaHueM rnapameTrpoB N=12, Q=8 u M=4. Tem He MeHee,
OT'pPaHMUEeHMsa Ha napameTpsl N, M u Q He HakJaIwBawTCcsa. 310echb, N
MoxeT OvTb JoOeM kpaTHeM M. Korma N B nBa wix 0oJjiee pas
npeepslraeT M, o0606paboTka I[IOCPEICTBOM MONYJIS IepeMexeHVs OUTOB
OeJIUTCS Ha MHOXECTBO CEeKLMUM.

[0219] (2) B BapmaHTe 2 OCYUECTBJIEHMKS, KOIIDa MCIOJNbL3yeTCsd
CBEPTKA, T.e. kxorma F paBHO IOBYyM WM ©OoJiee, IIlapaMeTptHl,
OpuBeIEeHHBle IJd OpuMepa, IOpelcTaBiadiT cobom N=12, 0=8, M=4 u
kondbbumenT cBepTku F=2. TeM He MeHee, OTPaHMUEHMS Ha NapaMeTpEr
N, M, QO m F He HaxknapgeBawnTCcga. 31echb, F dgpigercs pgenurerneM M u
Q, u N gpigeTcd KpaTHeIM M/F.

[0220] (3) B BapmaHTe 2 OCyWECTBJIEHMS, KOI'Ia MCIOJNIb3yeTCs

CBepTKa, 3HaueHMe F 3BajaeTcd Kak OBa, UYTO IpencrapjsgeT cobon
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UuCJIO OUTOB, MVMEOIMX MWISHTUYHHMY YPOBEHL YCTOMYMBOCTM B OIHOM
16-QAM-co3zBe3oumn. TeM He MeHee, OTpPaHMYEeHMS He HaKJaIeBalTCH.
3”HaueHue F He HOMXHO OBTH PaBHBIM YUCITYy OWUTOBR, MMeKIeMy
VMIOEHTUUHEY YPOBEHbL YCTOMUMBOCTM B CO3BEe3IUM, M MOXeT (QaKTUUeCKU
OTJINYATbCH oT uycia OuTOB, VIMeneTro MIEHTUYHBIN YPOBEHD
YCTOMUMBOCTM B CO3BE3OUM.

[0221] (4) B BapmaHTe 2 OCYWECTBJIEHMsS, KOT'Za MCIOJbL3yeTCsd
CBepTKa, IpPMUMMEP OIMCHBAaeT KO2douLIMeHT CBepTkM F=2 wum QAM-
cozBesIusa, nperncraBjsomme codor 16-QAM-cozBezsnmua. Tem He MeHee,
OTpaHuYeHus He HakjaneBanTcsa. Korma F=2, QAM-co3Be3OMsa MOTYT
oTM4YaTeca OT 16-QAM-cosBez3nul (HanpuMmep, 64-QAM-cozBe3nms WM
256-QAM-co3Be3OULg) .

[0222] (5) B BHIII€ OV CaHHEIX BapMaHTax oCylmecTBJIeHUS,
co3Be3Ma OIMCHBabTCg kak 16-QAM (r.e. M=4). TeMmM He MeHee,
cozBe3ansa MOT'YT YyKa3BBaThCH TOCPEeJICTBOM IPpyTHMX criocoboB
MOIyJidAuMy, Takmx Kax QPSK m QAM, k rnpuMmepy, KpPpyIr'oBeEe CO3Be3Iusd,
vcrioJyib3yeMele B DVB-S2-cranpmapre, Ooliee MHOI'OMEPHHE CO3BEe3IMS U
T.II.

[0223] (6) Crioco®brl u yCTpOoMcTBa, IIOSSCHEHHEIE B
BBHIIEONMCAaHHEIX BapMaHTax OCYWEeCTBJIEHMI, MOI'yT OBTh peajiM30BaHE
KaK [OporpaMMHoOe obecrnedeHye WM KaK allnapaTHele CcpencTea.
KoHnkpeTHBEIE OT'PaHMUEHMS B BTOM OTHOUWEHMM HEe HaKJaOeBalTCAa. B
YaCTHOCTM,  BHIIEONMCAHHEE BapPMaHTH OCYWECTRJIEHMS MOITYT OHBTH
peanmM30BaHH KakK KOMITBIOTEPHO —UMTa &M HOCUTEJb, comepxaummmn
BOIIJICIEHHEIE Ha HEeM KOMIIBOTEPHO-MCIIOJIHAEMEIE MHCTPYKLUMUM, KOTOPHE
BHIIIOJIHEHEI C BO3MOXHOCTBIO [IPEeJOCTAaBJIEHMS BO3MOXHOCTM KOMIILIOTEPY,
MUKPOIIPOLECCOPY, MUKPOKOHTPOJIJIEPY u T.II. OCYIMECTBIISATH
BHIIEONIMCAHHRIE  CIIOCOOH. Kpome TOTO, BHIIEONIMCAHHEE  BapMaHTH
OCyWEeCTBJIEHUS MOTYT OBTH peajMs0BaHBl KaK ClhelMalu3upoBaHHAaA
MHTerpaJibHasg cxema (ASIC) wmiIM KakK NOporpaMMMpyeMas IIOJIb30BaTeJIEM
BeHTMJIbHasa MaTpuua (FPGA).

[0224] IOIOJIHEHUE 2

Cnnocof mnepeMexeHusa OUMTOB, MOIYJIE IepeMexeHusa OMTOR, Crnocobd
0BOpPaTHOIO NepeMexeHud OMTOB, MOIOYJIE ODPATHOI'O IepeMexeHra OUTOB
¥  IOeKoIep HaCTOofAWle'0 PAacCKpPHTMA CYWHOCTM M MX [IpeuMyllecTBa

CIIVICEIBAKTCHA HUMXE.
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[0225] B mnepBOM acHekxkTe cnocoba nepeMexeHus OUTOB CIOCOD
[epeMexeHnsd OUTOB IOJIA CUCTEeMBL CBA3U C VCIIOJIb 30BAHVIEM
KBA3MIVMKIIMMUC CKUMX KOOOB Pa3peXeHHOT'O KOHTPOJIA 1o UeTHOCTU
COOEPXUT : 3Tan nprema s nprema KOIOOBOT'O cJoBa
KBASULUMKIIMUECKMX KOIOB Pa3pPEeXeHHOT'O KOHTPOJA IO UYeTHOCTH,
cocTosamux M3 N LUUKIMYUECKMX OJIOKOB, KaXIBM M3 KOTOPHX BKJIOUYAET B
ceba Q OMTOB; DTal NEPEeCTaHOBKM OMTOBR IJIA NOPMMEHEHMI I[Ipolecca
IepecTaHoOBKM OMUTOB K KOIOOBOMY CJIOBY TakuM ofpasoM, UTOOH
IepecTaByiaTh OMTEL B KOINOBOM CJOBE; WM 3Tal pas3nejeHus O
pasnesyieHusa KOIOBOTO CJIOBa, [IOCJEe Opolecca IIepeCTaHOBKM OUTOB,
Ha MHOXECTRBO CJIOB CO3Be3Imud, IOIPpMUEeM Kaxioe M3 CJOB CO3Be3Iausd
cocTouT M3 M OUTOBR M VyKas3ubBaeT OOHY M3 2M Touek Cco3Be3IMd B

npenpapmTeJIbHO OIIpeneJIEeHHOM CO3Be3nnM, opm S5TOM OO IIpoLecca

IepecCTaHoOBKKY OUTOB, KOIOBOE CJIOBO pasmensercs Ha FXN/M cexkumm
CBEpTKHU, IpM 3TOM F ABJgeTCsS LEeJIBM 4YMcJIoM, OOJbUIMM eIVHUIE,
npuueM Kaxias M3 CeKLUMM CBepTKM BripyaeT B cebsa M/F LUUMKINUECKUX

BJIOKOB, M KaxIoe M3 CJ0B CO3Be3IUs acCCouMmMpoOBaHO C OIHOWM U3

FxN/M cexumm CBEPTKM, W Ha 37Tale I[epecTaHOBKM OUTOB, IIPOLeEecc
IepecTaHoBkM OUTOBR IpMMeHseTcs TakuMm obpazoMmM, utro M OMTOB B
KaxIoM ¥3 CJIOB CO3Bes3nMs BkJwouawnT B cebs F 6uMToB M3 KaxXIoro M3
M/F pasjiMuHBX LIUKJINUECKMXK OJIOKOB B JAaHHOW CeKUMM CBEepPTKH,
ACCOUMMPOBAHHOM C IaHHEIM CJIOBOM CO3Be3IMs, M TakuMm obpalzoM, UTO
BCe OMTH B MOAaHHOMW CEeKLMM CBEePTKM OpeobpasyioTcs ToJgbko B Q/F
CJIOB CO3BE3OMs, aCCOLUUMMPOBAHHHX C IAHHOM CEeKLUMEeM CBEePTKMU.

[0226] B IpyI'OM acrexkre, [I€PBHM MOIYJIb OUMTOBOTO
nepeMexeHmsa IJid CHUCTEMH CBSISM C MCIOJb30BaHMEM KBa3ULUKIIMUECKUX
KOIOB PaspeXeHHOT'0 KOHTPOJA II0 UYeTHOCTM COIEPXUT: MOIYyJib
IepeCcTaHOBkM OUTORBR, IPUHMMADIMY KOIOBOE CJIOBO KBABULUKIMIECKUX
KOIOB PaspeXeHHOTO KOHTPOJIS [0 UYeTHOCTH, cocTogmmx wu3 N
LUUKIINYEeCKUX OJIOKOB, KaXIHM M3 KOTOPHX BKJUaeT B ceba Q OUTOB,
IPUMEHSIIIMY [OIPOolLleCcC IepeCcTaHOBKM OMTOB K KOINOBOMY CJIOBY TaKUM
obpaszoM, UTOOH MNEepecTaBJIATH OMTH B KOINOBOM CJIOBE, U pa3meligolyMi
KOIOBOE CJIOBO, IJIS BEBOIA [IOCJIe [pollecca NepecTaHOBKM OMTOB, Ha
MHOXECTBO CJIOB CO3BesIOMd, IOIpMUeM KaxIoe U3 CJOB CO3Besnud

cocTouT M3 M OMTOBR M yKas3pBaeT odHy u3 2Y Touek co3Be3OUS B
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NIPpenIBapPUTEIIEHO OINPeneJIeHHOM CO3Be3nuy, IIpYM 3TOM IO [Ipolecca
[IePeCTaHOBKM OMTOB, KOINOBOE CJIOBO pasleldeTcsa Ha FxN/M cexumun
CBEPTKHM, IIprm 2STOM F arpagercda LeJielM YU CJIOM, OoMnbIMM S IOVIHWIIBI,
npyueM Kaxinas M3 CeKUMM CBEepTKM BKIouaeT B cebsa M/F LUMKIMYECKUX

OJIOKOB, ¥ Kaxioe M3 CJOB CO3Be3Oud accoummporaHo C OOHOM M3

FXN/M cekuuy CBEPTKM, ¥ MOIYJIb I[IE€PEeCTAHOBKM OUTOB [IPUMEHSIEeT
IpoLeCcC IINepeCTaHOBKM OUTOB TaKMM 00pa3oM, dYTo M OMTOB B KaXIOM
M3 CJIOB CO3Be3moMsa BKJIOUALT B cebas F 6uToB M3 Kaxmoro wms M/F
PAaBJINUHEIX LMKJINYE CKUX OJIOKOB B OaHHOM CeKLUM CBEPTKH,
ACCOLUMMPOBAHHOM C IaHHHEIM CJIOBOM CO3BE3IUsA, UM TakuM 0o0pa3oM, UTO
BCe OWTH B IAHHOM CEeKUMM CBEPTKM NOpeobpas’syionTcsa TOJbKO B Q/F
CJIOB CO3Be3IMsa, aCCOLUMUPOBAHHLBIX C HAHHOM CEeKUMeM CBEepPTKM.

[0227] CooTBEeTCTBEHHO, IocTmuIraeTcs COKpalleHMe  IJiomanm
CXEeMBI 171 morpebrieHus BIIEKTPODHED TN, B IOTIOJIHEHYE K
IpeOCTaBJIEHMIO BO3MOXHOCTM peajmMsaluuy polecca IlepeMexXeHUd
BUTOB, MMENEeI'0 BLICOKUN IapaliiesinszM.

[0228] Bo BTOpoM acrnexTe criocoba repeMexeHus OMTOB BsTarl
rIepecTaHOBKM OMTOB BKJOUaeT B cebs 2Tarl I1epeCTaHOBKYM CeKUUM

CBepPTKU HJ1A He3aBMCHMMOI'O IIpVIMEeHeH A Impouecca nepeCTaHOBKU

CeKLUMy CBEePTKM K Kaxmor m3 FxN/M cexumy CBEPTKM TakuMm obpasoM,
yTOOB NEePEeCcTaBJIATL OUTH B KaXIOM M3 CEKLUMM CBEPTKHU.

[0229] Kpome TOrc, BO BTOPOM acCleKTe MOIYJIS IIepeMexeHUs
OUTOB MOIOYyJIb I[EPECTAaHOBKM OMTOB  BKJIKUAET B cebsa MOOYJb

nepeCTaHOBKMU CeKHMﬁ CBEPTKHN, He3aBUCUIMO HpMMeHHDMMﬁ IIpouecc

NepeCcTaHOBKY CEeKLUUM CBEPTKM K KaxXIou uz FxN/M cekuum CBEePTKU
TakuM obpazoM, UTOOHE NepecTaBJISTh OUTEL B KaXIOM M3 CeKUUM
CBEPTKU.

[0230] CoOOTBETCTBEHHO, MHOXECTBO I[IPOLECCOB IIepeCTaHOBKMU
CeKUMM CBEPTKM BHIIOJHADTCS IIapallJlelIbHO.

[0231] B TpeTpeM acrekTe crnocoba rIepeMexeHus OUTOB, Ha
3Tane MNepecTaHOBKM CEKLMM CBEPTKM, IMIPOLECC IMNEePEeCTaHOBKM CeKLUM
CBEPTKM BEIIOJHAETCS TakyM o0BpasoM, UYTO KaxIeM U3 Q OMTOB B
IDaHHOM ULMKJIMYeCKOM OJiIoke nOpeobpasyeTcsa B OUT C WUISHTUYHBM
YPOBHEM YCTOMUMBOCTM B Q/F CJIOB CO3Be3IMs, aACCOLUMMPOBAHHEIX C

OIOHOM n3 CeKLUUu CBEPTKH, KOoTOpas COOTBETCTBYET IaHHOMY
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LUKINYeCcKkoMy OJIOKY .

[0232] KpomMe TOTO, B TpeTheM AacClekKTe MOIOyJid IIepeMexeHUS
OMTOB MOIYJIb IIePeCTaHOBKM CeKLUM CBEePTKM I[IPUMEHSeT I[IpOolLecc
[IEPeCTaHOBKY CeKUUMM CBEPTKM Takum o0pasoM, UYTOo KaxIeM u3 Q
OMTOB B JaHHOM LMKIMYUEeCKOM OJioke npeobpaszyeTrca B OUT C
VOEHTUYHBIM YPOBHEM YCTOMUMBOCTHU B Q/F CJIOB cospesnusd,
aACCOUUMPOBAHHBIX c OIHOM n3 CeKuum CBEPTKH, KoTopasd
COOTBETCTBYET IAHHOMY LMUKJIMUSCKOMY OJIOKY.

[0233] CoOTBETCTBEHHO, OUTEl KOIOBOTO CJOBA, MenmeIro
VMIOSHTUUHYK 3HAYMMOCTL, Npeofpas’ywnTcs B OWTH CJOBa CO3BE3Iusd,
VMERIeT O UISHTUUHBIN YPOBEHb YCTONUMBOCTHU, obecneumBasd
BO3MOXHOCTB COTJIACOBAHUA 3HAUMMOCTY U YPOBHS YCTOWUMBOCTH.
Hanpmmep, OUT KOIOBOTO CJIOBa, WMEeKETO HauOOJbIYK 3HAUMMOCTL,
MOXeT nmpeoBpas30BEBATHLCH B (@20 cJioBa cozBpesnud, VIMEOMM
HauBOJIBIIMM  YPOBEHB YCTOMUMBOCTM. B  TakoMm cJjydae, BBICOKAS
HAIeXHOCTE IOCTUT'aeTCsa BO BpeMsa rnpmema g OuTa KOIJOBOT'O CJIOBA,
VIMEIET'O HaMBOJIBIIYO 3HAYMMOCTE, YUTo IPUBOINT K  BoJsbmen
[IPOITYCKHOM CIIOCOOHOCTHM ITpUeMa .

[0234] B ueTBepTOM acIllekTe criocoba rnepeMexeHus OuTop F
PaBHO UYMCIy OMTOB C MUIOEHTUYUHHM YPOBHEM YCTOMUMBOCTM B OIHOM M3
CJIOB CO3BE3IMUSA.

[0235] Kpome TOTO, B UYETBEPTOM AacleKTe MOIYJIS IepeMexeHUsd
OuToB F paBHO uMCIy OUTOB C MUISHTUUHHM YPOBHEM YCTOMUMBOCTU B
OIIHOM M3 CJIOB CO3BE3IOUS.

[0236] CooTBeTCTBEHHO, peanmuzyercs sSbdbexkTUBHAaAS anmnapaTHas
peanms3anms.

[0237] B naToM acrnekTe cnocoba nepeMexeHus OuToB F=2, u
CJIOBaA CO3Be3OUS 4BJISITCH QAM-CO3BEe3OUAMU,.

[0238] KpomMe TOTO, B IIATOM AacCIlIeKTe MOOyJid IepeMexeHUsa
duTor F=2, u cJjioBa Cco3Be3OMd ABJIAKRTCS QAM-CO3BEe3OMAMU.

[0239] CooTBeTCTBeHHO, peanmuszyeTcsa 5sbdexTMBHaS alnapaTHas
peanmszalus.

[0240] B mecToM achekTe cnocoba mnepeMexeHMs OMTOB 3Tal
IepeCcTaHOBKM CEeKILMM CBEPTKM BKJHUaeT B cebsg 5BTal IepecTaHOBKU

CTONBOLOB M CTPOK IJid IPMMEeHeHMKs [Opollecca I[IepeCcTaHOBKM CTOJIOLOB
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M CTPOK K M/FxQ ©MTOB B KaxIOM M3 CEeKLUMM CBEPTKM, C TeM UYTOOH

nepecTarysaTs M/FXQ GUTOB.
[0241] B cenbpMOM acrexkTe crnocoba nepeMexeHus OMTOB NPOLEeCC

IepecTaHoOBKM CTOJIOLUOB U CTPOK SABJSETCS OSKBMBAJIEHTHEIM 3alUCU
M/FxQ ©OuTOB 1O CTpOKaM B MaTpuly, uMenmyo Q cTonbuoB u M/F

CTPOK, a 3aTeM CuuMTHBaHuo M/FxQ O6MTOB HO CTOJNOLAM.
[0242] KpomMe TOTO, B HMECTOM AacleKTe MOIOyJisa IIepeMexeHMsa
OMTOB MOIYJIb I[EePEeCTaHOBKM CeKLIUM CBEPTKM I[IPUMMEHSIeT I[IPOolLecc

rnepecTaHoBKM CTOJIOLOB ¥ CTPOK k M/F OMTOB B KaXIOM M3 CeKLUUN

CBEPTKM, C TeM 4YTOOB MnepecTarysTh M/FXQ 6UTOB.

[0243] CooTBETCTBEHHO, nepecTaHoBKa CTOJOLOB M CTPOK
VCIIOJIL3YETCSH B IIPOLEeCCe I1epeCTaHOBKY CeKUUW CBEePTKM, TEeM CaMbM
obecrieumBad peanmMs3aunin odeHb 300eKTUMBHOI'O IIpolecca IIepeCTaHOBKHU
CeKLUUM CBEPTKMU.

[0244] B JIOIOJIHUTEJILHOM acrexkre, criocob oBpPaTHOTO
rnepeMexeHmys OuUTOB 1IJ1g OO0paTHOI'O IIepeMexeHMs I[I0ToKa OUTOB B
cucrTeMe CBA3U C MCIIOJIb 30BaHVIEM KBa3ULUKINYIE CKMUX KOIIOB
Pa3pexeHHOI'0 KOHTPOJISA II0 YeTHOCTM CONepXMT: »sTall IlpueMa s
npremMa OUTOBOM IIOCJIeOBATEeJILHOCTY, cocTosmer u3 NxQ OmumToB; U
sTarn  oBpaTHOM IIepeCcTaHOBKM OWUTOB IS [PMMEHeHMs I[Ipollecca
obpaTHOM IEepPEeCTaHOBKU OUTOB K IIPUHUMAaEeMOoMn OuToBOM
[IOCJIENOBATEJIBHOCTM TakuM ofBpasoM, dYTOOB IepecTaBJISaTh OWTHE B
OUTOBOM IIOCJIeNOBATEJILHOCTM, UTOOB BOCCTAHABJIMBATL KOIOBOE CJIOBO
KBA3ULUKIMUECKUX KOINOB PaspPeXeHHOTO KOHTPOJIS I[10 UYeTHOCTM, IIpU
3TOM Hpolecc oBpaTHOM MNepecTaHOBKM OUTOB gBJISEeTCS OOpaTHBM
npoueccy I[IEePecTaHOBKM OMTOB B CIlI0oC0oDe nepeMexeHus OUTOB MNepBOIO
acrnexTa.

[0245] B AJIb TEPHATMBHOM aciexrTe, MOIOYJIb 0BpPaTHOTO
nepeMexeHys OMTOB OJja OBpaTHOTO IIEPEMEXEHMS [I0TOKa OWMTOB B
cucrTeMe CBA3U c MCHOJIb30BaHEM KBa3ULMKIIMUE CKUX KO OB
Pas’pPexeHHOTO KOHTPOJIS [0 UYEeTHOCTM COINEPXMUT: MOIOyJb OOpaTHOM

[IepecTaHoOBKM OWTOB, MNPUHMMAKIMY OUTOBYKW IMIOCJIEIOBATEJIBHOCTE,
cocToamyrnw wu3 NxQ ©Ouros, M TOpUMeHAKIMMY [Opoiecc obpaTHOM
[IepeCcCTaHOBKM OMTOB K I[IPUMHUMAEMOM OMTOBOM I[IOCJENOBATEJIbHOCTA

TaKVM obpasom, UTOOH IepecTaBJIadTh OUTH B OUTOBOM
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IOCJIeIOBATEJILHOCTH, uTOOH BOCCTAaHAaBIMBATE KOIOOBOE CJIOBO
KBaBULIUKINUECKMX KOIOB Pa3PEeXeHHOT'O KOHTPOJIA I[I0 UYEeTHOCTH, IIpHU
3TOM HOpPOLEeCC OOPaTHOM I[ePeCTaHOBKM OUTOB [ABJISAETCS OOpPaTHHM
npoleccy IepecTaHOBKM OMTOB, OPMMEHSeMOMY I[OCPeICTBOM MOOYJisd
nepeMexeHus OMTOB NePBOIO aCIeKTa.

[0246] B g»mpyroM aclekTe, IeKoIep IJid CUCTEMBl [IepeMexXeHUs
OUTOB U OeMOIOYJSLUMM C MCIOJb30BaAHMEM KBASUILUKIMUSCKUX KOIOB
PaspPexeHHOTO KOHTPOJIS [0 UYeTHOCTM COISPXMT: MOIYJIE O00paTHOTO
npeobpasoBaHms cosBesIuy, bopmupyLIMMI MATKYIO OMTOBYIO
IOCJIeIOBATEJILHOCTE, YKa3LIB ALY BEPOSITHOCTH TOTO, uTo
COOTBETCTBYWOIIUM  OUT aBJIgeTCs OOHUM M3 HYJEeBROTO ©OuTa u
EOIMHUYHOTO oura; MOIYJIb oOPAaTHOTO [epeMexeHmsd OUTOB
AJIbTEPHATUBHOTO acHnekTa, Oo0paTHO MNepeMexaliuy MIATKYD OUTOBYO
MOCJIeIOBATEJILHOCTL,; M IeKOoIep Ha OCHOBE pPal3pPexXeHHOI'0 KOHTPOJIA
[0 UYEeTHOCTV, IeKOIUPYIIMM O0OpaTHO I[IepeMexeHHYID MATKYD OUTOBYI
IOCJIe10BaTEJIbHOCTD .

[0247] B eme opnHOM acrexkre, nexolnep IOpyroro aclriexkra
IOOTIOJIHUTEJIbHO COIEPXUT: MOIYJIb BBUMTAHUS, BHEUMTARIMMA BXOIHOM
CHUI'HaJI B JEKOJep Ha OCHOBE pPaspPeXeHHOT'O KOHTPOJIS I10 UeTHOCTH MU3
BBIXOIIHOT'O CHUI'HAJIa eKoepa Ha OCHOBE Pa3PpeXeHHOI'O KOHTPOJIS I10
YEeTHOCTH; u MOIYJIb rIepeMexeHms OuTOoB IIEPBOTO acriexkra,
[IPenoCTaBJIARIMY PA3HOCTE M3 MOOYJIS BHUMTAHMA B MOIYJIb OOPATHOTO
npeoBpasz0oBaHusa CO3BE3INUM B KauecTBe OOpaTHOM CBSA3MU.

[0248] CooTBeTCTBEHHO, IIPOlLECcCC repeMexeHus OUTOB, MMEKIUNA
BBICOKMM Iapaliyiesyin3M, SABJISETCS pealiM3yeMbM.

[IPOMHIIJIEHHAA IIPMMEHVMOCTB

[0249] HacTosdumee wu30bpeTeHMe gBJILSETCS IIPUMEHMMBIM K MOIYJIO
nepeMexeHmus  OUTOB B cucrTeMme KOOMPOBAHUSA U  MOOYJISAUWM  C
nepeMexeHmueM OUTOB, MWCIONL3YEMOM OJid KBABULUUKIIMYECKUX KOIOB
PaspPexeHHOTO KOHTPOJIS IO WEeTHOCTM, ¥ K MOOYJIK OBpaTHOTO
nepeMexeHmsa OUTOB, COOTBETCTBYWIEMY TaKOMy MOIYJIID IIepeMeXeHUs
OUTORB.

CIIMCOK HOMEPOB CCHIJIOK

[0250] 2000A - mMomnyJbp IepeMexeHud OUTOB

2010A - MOnOyJib IIEPEeCTaHOBKM OUTOR

2021A - MOnyJib NEPECTAHOBKM CEKLUM CBEPTKU
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2131A, 2132A - MOOyJib IIEPeCTaHOBKM CTOJNIOLOB M CTPOK
2500A - mnepenawumee yCTPOMCTBO

2510 - LDPC-xomep

2520A - MOZOyJIb IepeMexeHMs OUTOB

2530 - MomyJsb npeofOpasoBaHMsa CO3BE3OUMN

2700A, 2800A - mpmeMHOE YCTPOMCTBO

2710 - mMomyJyp oOpaTHOTO npeobpas’oBaHMsa CO3BEe3OUM
2720A - MOmyJb ODPATHOTO IepeMexeHUs OUTOB

2730 - LDPC-mexomep

2740 - MOIOyJib BBEUMTAHMUS

2750A - MOZIyJb IepeMexeHus OUTOB
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$OPMYJIA UBOBEPETEHUA

1. Cnocob obpaboTkM cuI'Hajla OJIsg o00paboTKM CHUITHajla KOIOOBOTO
cyioBa, COOPMMPOBAHHOTO HA OCHOBAHMM CXEMBE KBA3MUMKIMYECKOTO
KOOVMPOBAHMUSA C pPa3pPexXeHHBM KOHTPOJEM II10 YeTHOCTM, BKJIOUAKIEN B
cebsa cxemy KBA3ULUKIIMUIESCKOTO KOOUPOBAHUA c Pa3peXeHHbBIM
KOHTPOJIEM IO YETHOCTM C NOBTOPEHMEM M HAKOIUJIEHMEM, OIpudeM OWTEH
UEeTHOCTM KOIOBOT'O CJIOBa IIepeMexanTCcsa, IpUUeM Ccroocod obpaboTku
curHalla BKJUaeT B cebs:

3Tan HNEePEeCTAHOBKM LUKIMUECKMX OJIOKOB, HAa KOTOPOM NIPUMEHST
IpoLecC I[IePeCTaHOBKM LUKIMYECKMX OJOKOB K KOIOBOMY CJIOBY,
cocTosameMy #3 N LIUKIMUECKUX OJIOKOB, KAaXIBM M3 KOTOPHX COCTOUT
3z Q ©Owuros, OJIS [epeylHopsafodMBaHMA LUMKIMUECKUMX  OJIOKOB B
COOTBETCTBUMA C IPaBUIIOM IIEPECTAHOBKM  LUUKJIUYECKUX 6JI0OKOB,
orpenesignliM [IepeyropsanounBalHme LUUKINUYeCKUxX OJIOKOB;

aTarn  [IepecTaHoOBKM OMTOB, Ha KOTOPOM IIPUMEHST IIpoLecc
repecTaHoBKM OUMTOB K KOIOBOMY CJIOBY IIOCJie IIpolecca IepeCTaHOBKMU
UUKIIMYECKX OJIOKOB IJIs I[epeyliopanounBaHmg OMTOB KOIOBOI'O CJIOBA
B COOTBETCTBUM C IIPABUJIOM IIepeCTaHOBKM OUTOB, OlpelelisalyM
rnepeyriopanouymMBanve OUTOB; U

aTar pasllesyieHrs, Ha KOTOPOM paslesisiT KOIIOBOe CJIOBO IIoCie
npoluecca IINepeCTaHOBKM OMTOB Ha MHOXECTBO CJIOB CO3Be3OmMda, IIpHUUueM
Kaxzaoe M3 CJIOB CO3BEe3aAMS COCTOUT M3 M OMTOB; M

sTarn MOIYJIALUMA, Ha KOTOPOM BHIITOJIHAT MOIOYJISALIMIO c
MyJIbTUIIJIEKCUPOBAHMEM C  OPTOTOHAJIbHEIM YaCTOTHBIM  pas3lejiIeHMeM
KaHaJIOB (OFDM) MHOXecCTBa M3 MHOXecCcTera CJIOB Co3Besnuda a4
bopMmporaHusa cmurHajga OFDM, npmuem

N He ABJjideTCHda KpaTHeM M,

NpPaBUIIO [EPECTAHOBKM OUTOB OIpPeIesigeT IIepeylopaAOouuBaHUE
OMTOB KOHOBOTO CJIOBA IM[OCJE IIpoLecca IMNEPECTAHOBKY LUKIIMUECKUX
O6JIOKOB  Tak, UuTO KaxIOeM 3 Q BuTtor B kaxmgoM u3 N/ =N-X
LUUKINYECKUX OJIOKOB M3 N LUMKIMYeCcKMX OJIOKOB pacHpenesyianT B OuT C
UIOECHTUUHBEIM OMTOBEIM MHIEKCOM B (Q CJOBax CO3Be3IMs UM Kaxioe U3
YVIIOMAHYTEIX Q CJIOB CO3BE3IMA COCTOMT M3 OIHOTO OMTa M3 KaAXIOT'O
3 M pasauuHBIX LUKIMYECKUX  OJIOKOB, npuyeM  yIOMSHYTEE M
PaBIIMUHBEIX LUKIMUECKUX OJIOKOB ABJAKTCH OOWMMM IJIS YIOMSHYTHEIX Q

CJIOB co3Be3nmAa, IpuueM X d4dBJjdgeTrcda ocrtaTkoM oT N, I»OeJJeHHOT'O Ha
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M, u

OUTOBREIM MHISKC OMTa B KaxioM M3 Q CJOB CO3Be3Iusd, B
KOTOPEIE PacHpelesisaiT Kaxnuy OuMT B KaxzaoMmM m3 N/ =N-X IuKIndeCKMUX
OJIOKOB, OINpenesyisInT B COOTBETCTBUM C [IPaABMIIOM [Ie€pPeCTaHOBKU
LUUKINYIECKUX OJIOKOB.

2. Ilpoueccop curHaJOoB g o00paboTKM CUIT'Hajla KOIOBOTO
cyoBa, COOPMMPOBAHHOTO Ha OCHOBAHUM CXEMB KBa3ULIUKINUECKOTO
KOOVMPOBAHUS C pPa3PeXeHHBEM KOHTPOJEM II0 UYeTHOCTM, BKJIOUAKLIEN B
cebsa cxemy KBa3ULUKIUMUECKOTO KOIOVPOBAaHUS c pa3pexeHHbIM
KOHTPOJIEM IO YEeTHOCTM C [NOBTOPEHMEM U HaKOIJIeHMEeM, OpuueM OWTEH
UeTHOCTHM KOIHOBOT'O CJIOBA IepeMexalnTCsd, IpMUeM IIPpOoLeCcCOop CUITHAJIOB
COOEPXUT :

MonmyJsib (2310) mnepecTaHOBKU LMKIMUECKUX OJIOKOB, IIPMMEH IO
[Ipouecc IMNIepeCTaHOBKY ULUUKIMUeCKUX OJIOKOB K KOIOBOMY CJIOBY,
cocrosmeMy ¥3 N LIMKIMUECKUX OJIOKOB, KaXIbM M3 KOTOPEX COCTOUT
3 Q OuTor, IJ4 IIepeylopsiOouMBAHMA UMKIMYECKMX OJIOKOB B
COOTBETCTBUM C I[IPaBUJIOM IIepeCTaHOBKM  LUKJIMUECKUX  OJIOKOB,
ornpenesgniyM IepeyllopsafouMBaHMe LUMKINYeCKUX OJIOKOB;

MonyJsis  (2010A) repecTaHOBKM OMTOB, I[IPUMEHSOUMM [IPOLIeCC
[IepecTaHoBkM OMTOB K KOIOBOMY CJIOBY IIOCJIe IIpollecca IlIepeCcTaHOBKU
UMKIIMYECKMX OJIOKOB IJIA [IepeylopAnouMBaHmusa OMTOB KOINOBOIT'O CJIOBA
B COOTBETCTBMM C I[IPaBUJIOM I[I€peCTaHOBKM OMUTOB, OlpenesidolmM
repeyrnopsanodymMBanmve OMUTOB; U

neamurens, pasnessanmmi KOJOBOE CJIOBO nocrue npouecca
[IEPEeCTaHOBKM OUTOB Ha MHOXECTBO CJIOB CO3Be3nusa, IIpUUeM Kaxaoe
13 CJIOB COS3BesIMa COCTOUT U3 M OUTOB, IpUUEM

MOIOYJIATOP (2540), IPYIME H IO MOIYJIALIUIO C
MYJIbTUIIJIEKCUPOBAHMEM C  OPTOTOHAJIBHEIM YACTOTHEIM pal3nejieHUeM
KaHaJIOB (OFDM) MHOXECTBAa M3 MHOXeCTBa CJIOB COR3Be3OMd OJid
bopmmpoBaHmsa curHajyia OFDM, npuuem

N He dgBjgeTcHa KpaTHsM M,

[IPaBUJIO II€PEeCTaHOBKM OUTOB OIpeleNiseT IepeylnopsalounuBaHme
OMTOB KOIOBOI'O CJIOBa [IOCJ]Ee INpoliecca IepecTaHOBKU ULUMKIMYUECKUX
OJIOKOB  Tak, UyTO KaxieM mM3 Q ©OumToBR B KaxmoM m3 N/=N-X
LUUKINYECKUX OJIOKOB M3 N LUMKIMYeCKMX OJIOKOB pachpenesidnT B OuUT C

UIOEHTUUHEIM OMTOBEIM MHIEKCOM B (Q CJiOBax CO3Be3OMs UM Kaxnoe u3
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YIOOMAHYTEIX Q CJIOB CO3BEe3OMs COCTOUT M3 OOHOTO OMTa M3 KaXIZoTo
3 M pasmMuHBIX < LUUKJIUYECKMX  OJIOKOB, npmdeM  yIOMAHYTEHE M
Pa3JIMUHEIX LUKIMUECKUX OJIOKOB SHABJAKTCH OOWMMM IJig YIOMSHYTHEIX Q
CJIOB CO3Be3nOusa, NpuueM X 4BJIAEeTCHd OCTaTKoOM OT N, »OeJIeHHOTO Ha
M, u

OUTOBRHIM MHIOEKC OMTa B KaxioM M3 Q CJOB CO3Be3Ius, B
KOTOPEIE PACHOPEelesAnT KaxXIuM OuT B KaxmoM m3 N’/ =N-X LIuKIMUeCKUX
OJIOKOB, ONPeneyglT B COOTBETCTBMM C I[IPaBUIIOM [I€pPEeCTaHOBKU
LIUKJIMUECKUX OJIOKOB.

3. Crnocof ofbpaborxm cuIHaja nja4g  obpaboTKM  CUITHANE,
Mepema’HHoro I[IOCPEIACTBOM MOIOYJIMPOBaHusa NxQ/M cjoB Cco3Be3nusd,
nprdeM CJoBa Cco3Be3aMsa  COOpMUMPOBAHEL HDOCPEOCTBOM IIPVMEHEHUSI
npouecca nepeynopsaIOodYrBaHn A OUTOB K KOIOOBOMY CJIOBY,
cOOPMUPOBAHHOMY Ha OCHOBAHUU CXEMHBI KBAZULUKIIMUECKOTO
KOIMPOBAHMS C pPaspPexeHHBM KOHTPOJIeM I10 YeTHOCTM, BKJIoUanlelr B
cebsa cxemy KBA3ULUKIIMUECKOTO KOOMPOBaHMs C paspexeHHBM
KOHTPOJIEM I[10 UYEeTHOCTM C IIOBTOPEHMEM M HAKOIJIEHMEM, U pa3lelieHusd
OMTOR KOIOBOI'O CJIOBa Ha CJjIoBa CO3Be3IMd, IIpUUEeM Kaxloe CJIOBO
cozpezauda cocrouT m3 M OuToB, IIpMUYeM KOIIOBOE CJIOBO cocTomuT m3 N
LUMKIINYECKUX OJIOKOB, KaxXIbM M3 KOTOPHX BKJOUaeT B ceba Q OmuToB,
npmdyeM OMTBI UYEeTHOCTM KOJIOBOI'O CJIOBa IIepeMexalnTcsd, rnpuyeMm
[IpOLEeCC IIepeylopAmouMBaHMUsa OUTOB BKJIOUaEeT B cebga:

npouecc IepeCcTaHOBKM LUUKJINUYECKUX ©JIOKOB, B KOTOPOM
IepeyrnopsanodmMBpanT LUKIIMUECKUE BJ10KM KOIOBOTO cJoBa B
COOTBETCTBUMA C IPaBMJIOM TIE€PECTAHOBKM  LUKIMUECKUX  OJIOKOEB,
onpenesanyM IepeylrlopanouMBaume LIMKIMUYECKMX OJIOKOB; U

IpolLecc OEeEPEeCTAaHOBKM OUTOB, B KOTOPOM IIepeylopaioduBanT
OMTE KOIOOBOI'O CJIOBA I[IOCJE IIpolecca IIEPECTAHOBKM LUKIIMUECKUX
OJIOKOB B COOTBETCTBUU c IpaBUIIOM IEPECTAaHOBKU 6uToB,
ompeneNgnuyM IepeylopSnouMBaHre OUTOB, NOPUYUEM

N He gBjgeTcHa KpaTHsM M,

NIpaBUJIO TIEPECTAHOBKM OUTOB OIPEIENISEeT IEPeyIopsanounBaHue
OMTOB KOIOBOT'O CJIOBa I[OCJE IM[IPOllecCa IM[NepeCTaHOBKY LUKIIMUECKUX
OJIOKOB  Tak, UyTO KaxIieM mM3 Q O6mMTOoB B kKaxmoM mu3 N/ =N-X
LUUKINYECKUX OJIOKOB M3 N LUKIMUYeCKUX OJIOKOB paclpenesidnT B OUT C

UIOEHTUUHEIM OMTOBEIM MHIEKCOM B (Q CJIOBax CO3BEe3IMS U Kaxigoe u3
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YVIOMAHYTEIX Q CJIOB CO3Be3I0Md COCTOMT M3 OIOHOI'O OMTa M3 KaXIor'o
3 M  pas3yMuHBIX = LUUKIMYECKUX  OJIOKOB, npudemM M pasIMUYHBIX
UUKIINYECKUX OJIOKOB  ABJIAKNTCHA OOWMMM OJI8  YIOMSAHYTBEIX QO  CJIOB
cos3pes3nuda, npuueM X ABJAETCA OCTATKOM OT N, OeJieHHOro Ha M, u

OMTOREIM MHIEKC OMTa B KaxioM M3 Q CJIOB CO3Be3Ous, B
KOTOPHE PAaCHOPelesainT KaxXIuy OuT B KaxmoM m3 N’/ =N-X LUuKIMUeCKUX
OJIOKOB, ONpPeneyigiT B COOTBETCTBMM C IIPaABUIIOM I[IepeCTaHOBKU
LUKIJINMYEeCKUX OJIOKOB,

npudeM crnocod® oOpab®oTKM CHUTHAJa BKJIKOYaeT B cebsA:

3Tan IOeMOOyJISLMM, Ha KOTOPpOM GQOpPMUPYIRT OEeEMOIYJIVMPOBAHHBI
CUTHAJ IIOCPEnCTBOM OEMOOYJIALUUN C MYJIb TUILJIEKCHPOBAHMEM C
OPTOTOHAJIEHEIM UYACTOTHEM pasnejyieHueM kaHajsoB (OFDM) currana,
KOTOPBIM OBUT IIepelaH I[IOCPEeICTBOM MONYyJIMpoBaHma NxQ/M  cJoB
cospesnud; u

aTarn IeKOnIUpOBaHMS, Ha KOTOPOM BBIITOJIHAT Haz
IeMOIIyJIMPOBAHHEIM  CMUMIT'HAJIOM  OOpaTHEI  I[IpoLecc, HeNTparn3yoummi
[IpOLeCcC IIePeCTaHOBKM OMUTOB ¥ I[IPOLECC [IepPeCTaHOBKUY ULUUKIINUYEeCKUX
OJIOKOB B COOTBETCTBMM C [IPaBMUJIOM IIepeCcTaHOBKM ULUMKIIMUYECKUX
OJIOKOB ¥ IIPABMIIOM [IepeCcTaHOBKM OUTOB, ¥ IIPOoLEeCcC IeKOIUPOBAaHUMA,
TakyM ofpasoM QopMMPYS aHHBE 10 KOIMPOBaHMA COIJIACHO CXEeMe
KBa3ULUKIINYECKOT'O KOOVMPOBAaHWMA C  pPa3pexeHHBIM  KOHTPOJIEM  IIO
YeTHOCTU.

4., Ilpoueccop curHanop s o6paboTkm cCcuIrHalna, IIepelaHHOTO
[MOCPEeNCTBOM MOAyJiMpoBaums NxQ/M cJjioB CcO3Be3nus, I[IpUUyeM CJioBa
cosBe3ansa chopMUPOBAaHEL IIOCPencTBOM [IPUMEHEHU A npouecca
IepeyropanoumMBanmsa OUTOB K KOHOBOMY CJIOBY, COOPMMPOBAHHOMY Ha
OCHOBAHMM CXEMBl KBABULUKINIECKOTO KOOMPOBAHUA C PABPEXEHHBIM
KOHTPOJIEM o YeTHOCTH, BRIIOUA IS B cebs cxeMy
KBABULUKIINIECKOTO KOOMPOBAHUA C  PpPaspexeHHBM KOHTPOJIEM IO
UeTHOCTM C [NOBTOPEHMEM M HaKOIMIJEHMEM, M pasnejieHus OUTOB
KOIIJOBOT'O  CJiOBa Ha CJoBa Cco3Besiud, IpuUYeM  KaxIoe  CJOBO
cOo3Be3IMS COCTOUT M3 M OUTOB, NpUUEM KOIOBOE CJIOBO COCTOUT M3 N
LIUKIMYECKUX OJIOKOB, KaXIBl M3 KOTOPHIX BKJOUaeT B ceba Q OuTOER,
npuyeM OMUTE YEeTHOCTM KOIOBOI'O CJIOBa IlepeMexamnTcsd, npudyem
IpoLuecc MNepeynopsalouuBaHus OUTOB BKJKOUaeT B cebda:

npolecc nepeCTaHOBKM IUKIIMYECKUX 6J'IOKOB, B KOTOPOM
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IepeynopanoumMBanT LUKIJIUUECKHUE OJI0KKU KOOOBOTO CcJoBa B
COOTBETCTBUU c IPaBUJIOM IIEPECTAHOBKM  LUKIMIESCKUX OJIOKOB,
oHpenesyiariVM IepeylopAOOoUYMBaAHME LMKIMUECKUX OJIOKOB; U

IpoLecCc TINepeCcTaHOBKM OMTOB, B KOTOPOM IIepeynopsalodMBaiT
OMTEL KOIOBOT'O CJIOBa I[OCJEe [Opollecca MNEepeCTaHOBKM LMKIIMUECKUX
OJIOKOB B COOTBETCTBUU C IPaBUIIOM [IepPEeCTaHOBKMU OuTOB,
onpemesyianlyM IepeylopanourBaHme OMTOB, IpUUEeM

N He 4gBjgeTcsda KpaTHeM M,

IPAaBUIIO IIEePEeCTaHOBKM OUTOB ONPeleligeT IIepeylopaIouuBaHue
OMTOBR KOHOBOTO CJIOBA I[IOCJEe Opolecca IIepPeCTAHOBKM LUKIIMUECKUX
OJIOKOB  Tak, YyTO KaXIelM M3 Q OMTOB B KaAXIOM U3 ' =N-X
UUKINYECKUX OJIOKOB M3 N LUKIMUECKUX OJIOKOB paclIpemnesiganT B OuUT C
UIEHTUUYHEIM OUMTOBBIM MHIEKCOM B (Q CJIoBax CORBe3IMS U KaxIoe U3
VIIOMAHYTEIX Q CJIOB CO3Be3IMA COCTOMT M3 OIHOI'O OuTa M3 KaXIoIro
2z M pas3yIMUHBIX LUMKIINYECKUX BJI0KORB, npuueM M = pasJIMYHBIX
LUMKIJIIMYECKUX OJIOKOB HEBJIAKLTCA OOWMMM  IOJIS  YIOMSAHYTHIX Q  CJIOB
cozBe3nusda, npuueM X gBJIgeTCcd OoCTaTkoM oT N, nesjieHHOro Ha M, wu

BUTOBHIM MHIEKC OuTa B KaxioM M3 (O CJIOB CO3Be3OMs, B
KOTOpPHEE PacIpelesigoT KaxXIe OuMT B KaximoM m3 N/ =N-X UUKIJIMUECKUX
OJIOKOB, ONpenesyigaT B COOTBETCTBUM C IIPaBMJIOM llepeCTaHOBKMU
UMKJIMUEeCKUX OJIOKOB,

npmyeM IPpOoLeCcCOop CUIHAJIOB CONepPXUT :

nemonynaTop (2710), &dopMupyomMi IeMOIYJIMPOBAHHEI  CUT'HAJ
[IOCPENCTBOM MIeMONYJIAUMM C MYJIETUIIJIEKCUPOBAHMEM C OPTOI'OHAJIbHBIM
YACTOTHEIM pas3jesjieHreM KaHaJIOB (OFDM) curHana, KOTOPHM  OBLI
nepenaHd NoCPenCcTBOM MOOYJIMPOBAHMS NxQ/M CJOB CO3BEe3OMSA; U

nexonmep (2730), BHOOJHAKIMNM HaN OEMOOYJIMPOBAHHBIM CUTHAJIOM
OBPATHEI MPOLECC, HEUTPANIUIYKIWY IPOLEeCC MNepeCTaHOBKY OUTOB U
Ipolecc IepeCTaHOBKM LUUKIMYECKUX OJIOKOB B COOTBETCTBUU C
IpaBUIIOM IepeCcTaHOBKU LHUKIINUECKUX OJIOKOB 171 IpaBUIIOM
IepeCcTaHOBKM OMTOB, ¥ [OPOLECC IEKOIVMPORAHMSA, TaKMM obOpasoMm
dopMMpPYS IaHHBIE 0O KOIOMPOBAHMA COIJIACHO CXEME KBA3ZULMKIIMIECKOT'O
KOIVMPOBAHMUA C PaA3PEXEHHBM KOHTPOJIEM 10 WEeTHOCTM.

[Io moBepeHHOCTH
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