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HAUWOHANBbHBIA CTAHOAPT POCCUMCKOMW O@®EAQAEPALUMUMU

AYOUOBU3YAINIbHAA UH®OPMALMOHHAA CUCTEMA PEAINTIbHOIO BPEMEHU (PABUC)

Mpoueccbl popMUPOBaHUA KaapPOBOW CTPYKTYPbI, KAHANBLHOIO KOAUPOBAHUA U MOAY NALUU
ANs cucTeMbl LUPOBOro Ha3@MHOrO Y3KONOMOCHOro paguoBelaHua B OBY auanasoHe

TexHu4eckue ycnoBua

Realtime audiovisual information system (RAVIS). Framing structure, channel coding and modulation for digital terrestrial
narrowband broadcasting system for VHF band. Specifications

DaTta BBegenna — 2012—09—01

1 O6nacTb NnpMMeHeHus

HacTtoawumin ctaHgapT pacnpocTpaHsieTcs Ha cuctemy nepegadu PABUC ana undposoro HaseMHoro
y3konornocHoro BewaHua B OBY guanasoHe yactot. Cuctema PABUC nossonaeT ocylecTsnaTe MHdopMaLm-
OHHOE 3BYKOBOE CTepeoBeLlaHne 1 BuaeoBeLlaHne Kak B cnyvae cTaumoHapHoOro npuema, Tak v npu pacnono-
XEeHUM nNpUemMHMKa B OBWXKYLWEMCH TpaHCnopTe B TOpPOACKUX YCMOBUAX C MNMAOTHOM 3acTPONKOWN,
MHOTOYy4Y€BOCTbLIO M OTCYTCTBMEM NPSIMO BUANMOCTU aHTEHHbI NepeAaTyuka, a Taioke B paroHax co COXHBLIM
penbedoM, B rOPHON MECTHOCTU U rYCTbIX NECHbIX MaccuBax. [laHHas cuctema MoxeT 6bITb UCNOoNb3oBaHa
BellaTensamMn, CUNoBbIMM BeAOMCTBaMWN, GAHKOBCKUMU CTPYKTYpaMu, OpraHn3auuammn ropoackoro 1 Mexayro-
pogHero TpaHcnopTta. Cuctema PABUC obecneunsaet nepegavy umdpoBoro MHGOPMaLMoHHOro NoToka B
Y3KOMOOCHOM kaHane ¢ wupuHon nonockl 100; 200 unn 250 klMu.

HacTtoswwumi ctanaapT ycTaHaBnMBaeT:

- OCHOBHbI€ MPUHLMMBI TOCTPOEHUS CUCTEMBI A5 LUPPOBOro Ha3EMHOTO Y3KOMOMOCHOTO BELLaHUS;

- npoLiecchl (POPMUPOBaHUS KafpOBOI CTPYKTYPbI, METOAO0B KaHaNbHOrO KOANPOBAHUS, MyNbTUMIIEKCU-
pOBaHWsi U MOAYISAILMN CUCTEMBI.

2 TepMuHbI M onpegeneHusi

B HacTosilem cTaHaapTe NpUMeHeHbl cnefytolie TEPMUHBI C COOTBETCTBYIOLLMMU ONpeaeneHUAMU:

2.1 Gnok BpeMeHHOro rnepemexeHus (time interleaving block): MHoXecTBO sueex, B KOTOPLIX BbINOS-
HsieTCs BpeMeHHOe nepeMexeHue.

2.2 6nok nomexosawmieHHbIX aaHHbIX (FEC block): MHoxecTteo us N, A4eek OFDM, nepepato-
LLMX BCe BUTLI OHOTO UMM HECKONBbKUX MOMEX03aLLMLLeHHbIX KaAPOB AaHHbIX.

2.3 3awuTHLIA UHTepBan (guard interval): BpemeHHOW UHTEpBan, BBOAUMbIN Mexay ABYMS nocrneao-
BaTenbHbiMM OFDM-cumBonamu, npegHasHayeHHbIA ANA 3alnTbl NOMNe3HON YacTn curHana ot UCKaXeHUn,
CBSI3aHHbIX C 3(PUPHBIM MHOTONYYEBLIM pacnpocTpaHeHueMm.

2.4 xapp OFDM (OFDM frame): CoBokynHocTb cumonos OFDM, ¢ Havana kagpa BO3MOXHO Aekoau-
poBaHWe nepefaBaeMbIX JaHHbIX.

2.5 kapp paHHbIX (data frame): MHoxecTBo U3 Ky, 6uT, dbopmupyiollee Bxoa 0AHOTO npouecca
KaHanbHOro koguposaHus (koguposaHue BYX v LDPC).

2.6 nuk-chbaktop curnana (PAPR, peak-to-average powerratio): OTHoLIEHWE NUKOBOA aMNANTYAbI CUT-
Hana K ero cpegHeKBaapaTU4HOMY 3HAYEHUIO.

2.7 cumeon OFDM (OFDM symbol): Curnan anutensHocTbio Tg, BKIIOHaOWWIA B cebs Bce akTUBHbIe
Hecylme, MOAYNUPOBaHHbIE COOTBETCTBYIOLLMMN 3HAYEHUAMMU, a TaKKe 3aLUTHBLIA UHTepBan.

2.8 cuHxpobainT (sync byte): BaiT co 3HauyeHuem 47 B LIeCTHaALATEPUYHOW CUCTEME CUUCNEHUA.
UcnonbayeTcsa ans onpeaeneHus Havana TpaHCMopTHOro nakeTa.

WU3panne odbmynansHoe
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2.9 TpaHcnopTHbIN nakeT MPEG-2 (MPEG-2 transport packet): MocneposatensHoctb u3 188 B, y ko-
TOPOI NepBbIV 6alT siBNsieTCA cuHXpobaritom [1].

2.10 yHuBepcanbHas MHKancynsauua notoka (generic stream encapsulation): lNpoTokon nHkancyns-
LU NaKeTHbIX AaHHbIX [2].

2.11 advenka OFDM (OFDM cell): 3naueHue, mogynupytolee oaHy Hecywlyto OFDM Ha npoTsaxeHun
oaHoro cumsona OFDM, HanpuMmep, ogHa Touka co3Be3aust.

2.12 avenka gaHHbix (datacell): Aueiika OFDM, He sBNAKOWAACA NUNIOTHON UNKU AYEAKON NapameTpoB
nepefavv curHana.

3 O603Ha4YeHMA U CoKpaLLeHUsA

B HacToseM cTaHgapTe NpMMeHeHbI criefyiolye 0603Ha4YeHUs U CoKpaLLeHNUs:

|_xj — OKpyrfneHue B CTOPOHY MUHYC BeCKOHEUYHOCTU: OKpYriieHne B CTOPOHY MeHbLUero Lesnoro
uucna, | x | <x;
AF — nonoca paguokaHana,
A — kogoBoe cnoso LDPC;
Aj — 6uThl Kogosoro crniosa LDPC;
MyoD — yncno 6UTOB Ha CUMBOI CO3BE3AuS;
16-QAM — 16-no3unuunoHHas moaynauus QAM;
64-QAM — 64-no3numoHHasn mogynauus QAM;
b, j — BbIXOAHbIEe BUTHI C MHAEKCOM j MOAMNOTOKA €, MocTynatolme ¢ AeMynbTunnekcopa 6UuToB Ha
NoANOTOKM;
c(x) — MOIMHOM KOAOBOrO crioBa koaa BYX;
C; — HoMep cTonbLa 6UTOBOro NepeMeXuTens;
Crj — Homep cTonbLa BpeMeHHOro nepemMexuTens,
Cm, Ik — 3Ha4eHue A4elik AN Hecywen k cuMmBona / kagpa m;
d(x) — ocTaTok oT fieneHus m(x) Ha g(x) Npu koaguposaHum BYX;
d; — NpoBepoYHble BuTtkl koga BYX;
A6 max — MakcumanbHoe JoMyCTUMOe YUCIIO eAMHUYHBIX 3NIEMEHTOB B CTPoKe MaTpuubl H koaepa
LDPC;
dr, q — BbIXOA NepemMexuTens sueek ans avenkn g BNA r;
div — onepaTop LenoYncrneHHoro AeneHus, onpeaeneHHblin cnegyowmm obpasom: xdivy =
=|xly |
fe — UeHTpanbHas YacTota PY curHana;
g(x) — nopoxaatoLLmMit NoAMHOM koaa BYX;
91(X), go(x), ... — NPUMUTUBHBIE MOMMHOMBI, HeoBxoaUMbIE ANA nony4YeHnsi NopoXaaroLwero nonMHoMa koaa
BYX;
9 i — slYeKM AaHHBIX Ha BXO4e NepeMexnTens ayeek;
H — maTpuLa Ans pacyeta npoBepoYHbiX 6uToB koga LDPC;
hi,j — anemeHTbl MaTpuLbl Hkogepa LDPC;
{bch — BBIXO/IHOE KOJ10BOE CoBo koaepa BYX, cocToAallee us Ny ., 61ToB;
lj — 61Tl kKogoBoro crosa koaa BYX, hopmupytoLne HcbopMaumoHHble 6uThl koaa LDPC;
Im(x) — MHUMas 4acTb KOMMIEKCHOrO YACHA X;
i — -1
Kk — nHAekc Hecyweit OFDM;
K’ — MHAEKC HecyLle OTHOCUTENBHO LieHTPanbHON 4acToThl;
Koen — yucno 61UToB HekogMpoBaHHOro Onoka koga BYX;
Kinti — Yneno MHopMaLMoHHbIX HecyLwnX noriveckoro kanana i (KOC, HCK, HKA);
Idpc — yucrno 6uToB HekoAupoBaHHoro 6roka koga LDPC;
max — WHAEeKC nocneaHen akTMBHOM HecyLUen (C MakcMarnbHOM YacToToN);
Kinin — MHAEKC NepBOo akTUBHOW HecyLL el (C MUHUMarbHON YacTOTOM);
r — napameTp B (OYHKLUN NepecTaHOBKN NepeMeXxunTens aueek;
Kiotal — yucno Hecywux OFDM;
) — nHaekc cumeona OFDM B kagpe;
L — yucno cumBonoB B kagpe OFDM;
LAq) — (bYHKLMS NepecTaHoBKM NepemexuTens sueek ans r-ro 6N s BBIM;
M — nHdopmauoHHoe coobLeHne us K., bUTos, noctynatowee Ha kogep BYX;
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M,dpc — YyKncno NpoBepoYUHbIX 6uToB Koga LDPC;

m — nHAaekc kagpa OFDM;

m; — 6uTHI coobLueHus Ha Bxoae kogepa BYX;

m(x) — NoNMHOM coobLLieHNs Ha BXoae kodepa BYX;

mod — orepaTop B3ATAA N0 MOAYII0, OnpeeneHHbIN criedytowmm obpasom: xmody = x — y Lx/yj;

MPEG Surround — cTaHaapT KOMMNPECCUN MHOroKaHarbHbIX 3BYKOBbLIX CUrHasOB;

n; — yncno ctonéuos matpuusl H koga LDPC, cogepxalunx i eqUHNLL

N — none 3aronoska K, coaepxaliee nopsakosbii Homep KI;

Npch — yncno 61ToB B 6r10Ke, KOAUPOBAHHOM kogom BYX;

o — 4yncno cTonbLoB BUTOBOrO NepeMeXxnTens;
Negiis — yucno aveek OFDM Ha BIMA;
N,dpc — yncno 6utos 6noka, koguposarHHoro kogom LDPC;
. — YMCNO CTPOK BUTOBOIO NEpeMeXnTens;

Ngubstreams ~ — YVCINO NOAMOTOKOB, reHepUpPyeMbIX AeMyNbTUNNEeKCopom GUTOB Ha NOANOTOKY;

Nsymp — ANUTeNbLHOCTL NoesHon YacTi cumeona OFDM B oTcueTax;

N — uucno kagpos OFDM B 6r1oke BpeMeHHEro nepemexerus (anutensHocTb BBIM);

Nyg — yuncno cTonbLoB BO BpeMEHH\M nepemMexunTene;

Ny, — YMCIO CTPOK BO BpeMeHHOM nepemexuTene;

P(r) — 3HayeHue caBura Ana nepeMexuntens sueek 8 r-m bINA GBIT;

p; — npoBepoYHble 6uThbl koaa LDPC;

q — MHAEKC AYekn B KOAUPOBaHHOM 1 MOAYNNPOBaHHOM KooBOM crioBe LDPC;

r — nHaekec BMNA s BBIM;

r; — HOMEp CTPOKN BUTOBOro NepeMeXnTens;

rei — HOMEP CTPOKN BPEMEHHOIO NepemMexuTens;

R — NpUMepHas CKOPOCTb NOMEXOYCTOMYMUBOrO KOANPOBAHUS;

Rpr — Jons nonesHon nHopMaunu B kaape AaHHbIX;

Reec — CKOPOCTb NOMEXOYCTOWHMBOro KOANPOBaHUS,;

Re(x) — JelcTBUTeNbHas YacTb KOMNAEKCHOro YNCNa X;

s(f) — MaTtemartuyeckas mogenbs curHana OFDM;

S — 6uTbl Hdopmaunn MIC;

S, dk) — nceBAocnyYanHasa nocneaoBaTenbHOCTb, UCMONb3yeMas npu opMmuposaHumn Matpuubl H
kogepa LDPC;

SYNCD — none 3aronoska K, onuceiBatollee caBUr o Havana nofb3oBaTeNbCKOro NakeTa;

t — yncno owmbok, KoppekTUpyeMbix kogom BYX;

t. — 3HaveHue caBura Havana ctonbua c;

Te — anutensHocTb kagpa OFDM;

Te — ANUTENbHOCTb 3aLLMTHOrO MHTEpPBana;

Ts — obwasna gnutenbHocTb cumeona OFDM;

Ty — ANUTEeNbHOCTb akTUBHOTO cumeona OFDM;

TIME — none 3aronoBka K[, cogepxallee BpeMeHHY0 MeTKy NepBOro rnofHoro nakeTa;

TYPE — none 3aronoska K[, onucbisatoLlee AaHHble, cogepxawumeca B KI;

Uy — BXOAHble SYENKN BpeMEHHOIo NepemMexnTens;

Vi — BbIXOAHble 6UTbl GUTOBOro NEPEMeXUTENS CO COABUIOM Havyana cTonbuos;

VTi — BbIXOAHbIE AYENKA BPEMEHHOTO NEepeMeXnTens;

w; — 6uTjonopHoli nocneporatensHocT NCAMN Ha ypoBHe cuMBoOna;

XOR — onepauus «1ckntovatowero UIM»/onepauns crioxkeHns no Mogynio 2;

Yig — 6WT /i KO4OBOTO CroBa iueek g, NOCTYNAaLWMA OT AeMyNbTUNIekcopa BUTOB Ha KoJoBbIe Cro-
Ba siveek;

Zg — TOoYKa Co3Be3ans O HopManusauuu;

ACE — MeToa akTUBHOTO pacluMpeHust coasesaust (active constellation extension);

BPSK — ABYXNo3nuMoHHas asosas maHunynsuus (binary phase shift keying);

CD — komnakT-guck (compact disk);

CIF — pasmep kagpa eugeo 352 x 288 nukcena (common intermediate format);

CRC-8 — BOCbMUWOWTOBBIN LKNNYecknin n3bbITouHbIN kog (cyclic redundancy check);

DBPSK — AuddepeHUmnansHas ABYXNo3vLUMoHHas dasosasd MaHunynauna (differential binary phase
shift keying);

DFL — AnvHa nons gaHHbix (data field length);
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DVB-T —cuUctema  HaszemMHOro LMdppoBoro Tenesu3noHHoro Bewarus (digital video broadcasting-
terrestrial);

DVB-T2 — cucTemMa Ha3eMHOoro LgppoBoro TeneBM3NoHHOro BelaHus BToporo nokonexus (digital video
broadcasting-terrestrial, second generation);

FEC — ynpexgatowasa Koppekuus ownbok, nomexoyctoinumsoe koauposaHue (forward error
correction);

H.264/AVC — PekomeHgauna MexayHapoaHoro cotosa anektpoceasn ITU-R H.264 — ynyJlweHHoe suaeo-
kogupoBsaHue (advanced video coding);

HE-AAC — BblcoKoadbbeKkTBHOE yryyweHHoe ayauokoaumposaHune (high efficiency advanced audio
coding);

LDPC — koAbl C Manion NOTHOCTLIO MPOBEPOK Ha YeTHocTh (low density parity check);

MPEG-2  — rpynnacraHgapToB LudpoBOro KOgUPOBaHUs U MyNbTUMNEKCUPOBAHUS BUAEO- U ayANOCUrHa-
noB (motion picture experts group);

OFDM —cxemMa UndpoBON MOAYMAUMM — OpPTOroHasbHOe YacTOTHOE MyNbTUMIEKCUpOoBaHue
(orthogonal frequency-division multiplexing);

PS — napamMeTpudeckoe KoaupoBaHue CTEPeOo3BYKOBOro curHana (parametric stereo);

QAM — KBagpaTtypHo-aMnnuTyaHas mogynauma (quadrature amplitude modulation);

QCIF — pa3smep Kagpa Bugeo 176 x 144 nukcena (quarter common intermediate format);

QPSK — YeTbIpexnosuunoHHas asosas MaHunynsaums (quadrature phase shift keying);

SBR — BOCCO3aHune cnekTpanbHOW nonockl — MeTo MoBblleHNs 3ddekTUBHOCTU ayanokoanpo-
BaHus (spectral band replication);

SIF — pasmep kagpa suaeo 320 x 240 nukcenos (source input format);

UPL — ANnHa Nonb3oBaTenbeKoro naketa (user packet length);

B — BanT;

BBIM — 6ok BpeMeHHOro nepemeXeHus;

Bng — Bnok nomMexo3aLuLLEHHbIX AaHHbIX;

BMNo — BbIcTpoe nNpeobpasoBaHne Pypbe;

BYX — OBOWYHBIN 61OKOBLIN koA KoppeKLuu owmnbok Bo3se-Yoyaypu-XoksuHrema
(Bose-Chaudhuri-Hocquenghem multiple error correction binary block code);

KA — Kaap AaHHbIX;

KOC — KaHan OCHOBHOIMo cepBuca;

HKA — HaaeXHbIN KaHan AaHHbIX;

HCK — HW3KOCKOPOCTHOMW KaHan;

HCIMA — HeCTPYKTYPUPOBaHHBLIA NOTOK AAHHbIX;

Ooblne — obpaTtHoe 6bicTpoe NpeobpazoBaHue dPypbe;

OBy — AnanasoH o4YeHb Bbicokux yactoT (30—300 MITw);

na — nakeTHble AaHHbIe;

nKa — NMOMeXo03aLMLLEHHbIN Kagap AaHHbIX;

nrnec — napaMeTpbl Nepegaydn curHana;

ncan — nceBaocnyyainHas ABouYHasi nocregoBaTensHoCcTb (pseudo random binary sequence, PRBS);

PABUC — ayavoBu3syarnbHasi cucTeMa pearnbHoro BpemeHu (realtime audiovisual system, RAVIS);

CKO — cpefHeKkBagpaTU4YHOE OTKIIOHEHUE;

T — TpaHcnopTHbIN nakeT MPEG-2;

YU — yHUBepcarbHas UHKancynsuus notoka (generic stream encapsulation, GSE);

LAN — uudbpo-aHanoroBbii npeobpasoBarerb.

4 O6LwWme NonoxeHus

Cuctema PABUC npegHasHayveHa s Ucnonb3oBaHuA B paguoBellaTtenbHbix nonocax | u ll OBY anana-
30HavacToT (65,8—74,01 87,5—108,0 MI'u). AnanasoH yacToT, ncnonb3yemblil And sewadus PABUC, nosso-
nsieT NoKanu3oBaTh BellaHue, T. €. Ha OQHOW U TOM Xe YacToTe B pasHbIX ropofax nepefasartb pasfvMyHble
nporpammel. Mpu 3ToM paguyc NOKpLITUS NepeaaTUMKoOM SIBSIETCA AoCTaTOUHbLIM A1 obecneyeHus npyuema B
OTAaneHHbIX NyHKTax Tam, rae Apyrum crnocobom ocyLLIeCTBUTL BelllaHWe HEBO3MOXHO.

Cuctema PABUC npegHaszHaueHa Ana npnema B TpaHCnopTe, a Takke Ha NepeHoCHbIe U CTauMoHapHble
npuemMHble ycTpoicTea. OHa No3BonseT nepeaaBaTb B 04HOM kaHare WwupuHoi 250 kI'y, 6onee 10 nporpamm
CcTepeo3ByKoBOro BewaHust CD kayecTBa nMb0 BUAeoNporpaMmy ¢ HECKOSTbKMMM KaHariamMmu 3ByKOBOTO COMpo-
BOXaeHwus1. NpeaycMoTpeHbl BapuaHTbl cucTembl Npu wupuHe nonockl 200 n 100 k', ¢ MeHbLIe NponycKHON
CNOCOBHOCTBIO U MEHBLLIMM YACTIOM 3BYKOBLIX NPOrpamMM B MyfibTUNIEKCe.

4
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Kpome LnpUuHbI Nonockl KaHana npegycMoTPeHO HECKOSbKO BOSMOXHbIX 3HaYEeHUA NapaMeTpoB KaHarb-
Horo kogupoBaHua U Moaynauum cuctemsl PABUC, 4To nossonsieT opraHn3oBbIBaTh BellaHWe B pasfnyHbIX
YCNOBUSIX OKpYKatoLLen cpebl M MoMeXoBon 06cTaHOBKN, 06ecneynBas Bellarternto Bbibop Mexay HageXHoc-
TbI0 Mepeaayn U CKOpOCTbHo Nepeaayn aHHbIX B cucTeMe. 3T napamMeTpbl MO3BOMAT Takke OpraHN30BbIBaTh
BellaHue B OHOYaCTOTHBIX CETSIX, HAaNpuUMep, BAONb aBTOMODUIBHBIX Tpacc.

B cucteme npegycmoTpeHsl, noMmumo rornyeckoro kaHana KOC, kaHan nepegavm HU3KOCKOPOCTHbIX AaH-
HbIX C NOBbILIEHHON HagexHocTbto nepedadn (HCK) 1 kaHan BbicokoHagexHol nepedayn gaHHblx (HKO). 3tu
niornyeckune KaHasbl MOTyT UCNOb30BaTLCSA, HANPUMEp, B CUCTEMaXx OMOBELLEHNS O Ype3BblYaliHbIX CUTYaLNsX
nT.a.

4.1 CTpyKTypHasi cxema

CTpyKTypHas cxema nepegatollein yact cuctembl PABUC npeacTasneqa Ha pucyHke 1.

CocTaBHble 4acTi 6110ka 06paboTKn, KaHaNnbHOMO KOQUPOBAaHNSA U MepeMeXXeHUs BXOOHbIX AaHHbIX B KaK-
AoM 13 Tpex kaHanos cucteMbl PABUC npeacTasnieHsbl Ha pUcyHke 2.

Ha Bxoa kaxxgoro U3 Tpex kaHasioB NoAarT AaHHble pPasfMyYHoro TUMna ¢ COOTBETCTBYIOLWEN CKOPOCTLIO
nepegayu, NocTynawLue oT KoAepPOB UCTOHHUKOB (3BYK, BUAEO, AP. AaHHbIE) N MYMbTUMIIEKCOPOB.

M3 BxoaHbIx AaHHeIX hopmupytoT KO (cm. 6.2). Janee nposodaT paHaomMmnsaumio aHeprm BHyTpu KO
(cM. 6.3). PaHgomusnposaHHble KO nogsepraioT noMexo3alyuTHOMY KaHarnbHOMY KOAUPOBaHWIO, BKM0YatoLLe-
My B cebs BHellHee (cM. 6.4) n BHyTpeHHee (cM. 6.5) koguposarue (kogep BYX u kogep LDPC). Janee namexs-
0T NOpsSiACK cnegoBaHus 6uTos BHYTpY MK (buToBOE NepemexeHune, cM. 6.6), npoBoasT oTobpaxkeHWe 61UToB
K Ha Touk MogynsLMOHHOro co3sesams (cM. 6.7, 6.8), nepemexeHue syeek AaHHbIX (CM. 6.9) nnepemexxeHune
6noKoB siveek (BpeMeHHOe nepeMexeHue) B pamkax ogHoro unu Heckonbkux KO (cM. 6.10). BpemeHHOGe
nepemMexeHune npegycMmoTpeHo Tonbko Anst KOC.

Oanee npoBoasT dopmupoBaHme cumeornoBs U kagpos OFDM: oTobpaxeHne siueek aHHbIX BCEX KaHa-
noB Ha Hecywune OFDM (cm. 6.11), nepemexeHne AaHHbIX Hecylmx (cMm. 6.13), BBOA NMUNOTHBIX HECYLNX
(cM. 6.14) 1 Hecywmx MMNC (cm. 6.15) ¢ yueToM HOMepa CUMBONA, KOPPEKLUIO NUK-hakTopa (CM. npunoxe-
Hue B), dopmuposaHue curHana cumeona OF DM Bo BpemeHHG1 obnacTu ¢ nomolusto OBMN®, hopmuposaHue
3aePXKKM Npu NCNONb3oBaHNN pasHeceHHOW nepedayun (cMm. npunoxeHue M), BBoA 3alMTHOrO UHTEpBana
(cm.6.12).

CdopmunpoBaHHbIi Ha 3TOM aTarne B Ludposom Buge curian PABUC npeobpasytoT B aHanorosyto cop-
My, bUNbTPYIOT, NEPEHOCAT Ha YacTOTY BeLLaHWUA, YCUNMBAOT NO MOLHOCTU U U3NYYaloT.
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PucyHok 2 — CocraBHble yacTu 6110ka 06paboTkm, KaHanbHOro KOAMPOBAHWUA N NEPEMENKEHUA BXOAHbBIX AaHHBIX
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4.2 KO,D,I/IpOBaHI/Ie UCTOYHUKa U MyNnbTUNNEeKCUpoBaHMe BXOOAHbIX AaHHbIX

Ha Bxogkl kaHanoB gaHHbIx KOC, HCK n HK[ nogatoT ABOMYHbIE AaHHbBIE, NepeHocsLne pasfinyHyo
nHpopmauuto. B nepsyto ovepeab cuctema PABUC npeaHasHaveHa Ansa nepefayv BUAeo- 1 3BYKOBOW MHOP-
MaLuMu. 3Ta UHpopMaLmna OomKHa NpeaBapuTensHo noasepraTbcs 3eKTUBHOMY KOAUPOBAHMIO C Lienbio
yCTpaHeHNs Kak CTaTUCTUYECKON N3BbITOYHOCTM, Tak U 3BBITOYHOCTH BOCTIPUATUS (BU3yaribHOW, 3BYKOBOW).

MpumedyaHune— B HacTosiwee Bpems Hanbonee NepcnekTUBHbIMKW Ansl Ucnonb3oeaHusi B cucteme PABUC
sBNsATCA 3BykoBol kogep HE-AAC [3] (Bkntovas kogmposanue SBR, PS, MPEG Surround) n Buaeokogep H.264/AVC [4];
koaep HE-AAC noseonsieT nepegasath B noToke 32 KO6WT/C BbICOKOKaYeCTBEHHbLI CTEPe03BYK, a kogep H.264/AVC obec-
neymBaeT BUAEO0 BblCOKOro kavecTBa dhopmata CIF 25 kagpos/c npy notoke meHee 500 KouTt/c.

3akoanpoBaHHbIe AaHHbIE UCTOYHUKOB MYTbTUMIIEKCUPYIOT C UCNONB30BaHNEM pasNYHbIX (hopmaTos,
BKITHOMas nakeTbl NOCTOAHHON (B ToM yucne TI MPEG-2) u nepeMeHHON ANTUHBI.

4.3 ®dopmart nepegaBaeMbIX JaHHbIX

MogaBaeMble Ha BXOA TPEX JIOTMYECKMUX KaHamnoB AaHHbIE MOTYT UMEeTb pasfuyHbIn hopmaT, KOTOpPbI
ykasbiBaeTcs B 3aronoske KI1. MpegycmoTpeHbl YeTbipe Tuna (bopmara) AaHHbIX:

- NakeTbl 4aHHBIX MOCTOSIHHOW UM NePEMEHHON ANNHbI;

- T (nakeTbl PUKCUPOBAHHOW ANTUHBI N3BECTHOTO pasMepa U CTPYKTYpPhI);

- nakeTbl NpoTokona YUIT;

-HCnAa.

4.4 PexuMbl nepegayu

B cucteme PABUC ucnonbayoT Tpy pexxuma nepeaadu ¢ nonocoin pagnokaHana 100; 200 nnun 250 klMu.

Paguokanan 250 kI'y: Bcero 553 Hecywux, U3 HUX 504 MHDOPMALNOHHBIX.

PagunokaHan 200 kl'y: Bcero 439 Hecywnx, n3 HUX 400 nHOpMaLMOHHBIX.

PaauokaHan 100 kly: Bcero 215 Hecywux, U3 HUX 196 MHDOPMALNOHHBIX.

Kpome noruyeckoro kaHana KOC moryT nepegaBatbcs OAMH UM ABa OOMNOMHUTENbHBIX TOTMYECKNX
KaHana gaHHbIX — HU3KkockopocTHol kaHan (HCK, nponyckHasa cnocobHocTb okono 12 K6ut/c) n HagexHbli
kaHan ganHbix (HK, nponyckHasi cnocobHocTb okoro 5 Kéut/c).

Paawmep K[ B nornueckom kaHane KOC 3aBMcUT OT Nonockl paguokaHara, CkopocTy KaHarnbHOro Kognpo-
BaHWA U MPUCYTCTBUSA UM OTCYTCTBUS [ONONHUTENbHbIX KAHaNoB AaHHbIX. [onycTUMbIE CKOPOCTN KaHalbHOro
koavpoBaHua — 1/2, 2/3, 3/4; ponyctumele Tunsl Mogynsuun — QPSK, 16-QAM, 64-QAM.

Pasmep kagpa paHHbIX B norudeckom kaHane HCK — 656 6uT, ckopoCTb KaHanbHOro KoaupoBsa-
Hua — 1/2, Tun mogynsauun — QPSK. [JaHHble kaHana nepedatoT Ha 32 MHOPMaLMOHHBIX HECYLLIX.

Pasmep kagpa gaHHbIX B nornveckoM kaHane HKO — 533 6uT, cKoOpoCTb KaHanbHOro KoampoBsa-
Hua — 1/2, Tun mogynsaumun — BPSK. [laHHble kaHana nepeaatoT Ha 26 HPOPMaLMOHHBIX HECYLLIX.

WHTepBan mexay Hecywumun coctasnset (4000/9) My, AnuTensHoCTb NonesHon Yactu cumsona OFDM
cocTaBnsieT 2,25 mc. AnuTensHocCTb 3awnTHoro uHTepsana — 1/8. Kagp OFDM coctout n3 41 cumsona.

4.5 UudpoBble noToku, ayauno-u sugeocdopmartsbl

CkopocTu LMdPOBLIX NOTOKOB B OAHOM paanokaHare Ans Bcex KOoMOBUHauni MOAYNALNOHHOIO Co3Be3-
Ana n CKOpoCTr ﬂOMexoyCTOVILIVIBOFO KoanpoBaHUA npuBeeHbl B Tabnuue 1.

Tab6nwuua 1— CkopocTn UMpoBLIX NOTOKOB B O4HOM paguokaHane

CkopocTb MOTOKa AaHHbIX, K6ut/c
Twun cossesgua CkopocTb koaa
Kanan 100 kl'y, Kanan 200 kl'y, Kanan 250 kl'y

12 80 160 200

QPSK 2/3 100 210 270
3/4 120 240 300

1/2 150 320 400

16-QAM 2/3 210 420 530
3/4 230 470 600

12 230 470 600

64-QAM 2/3 310 630 800
3/4 350 710 900
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Bo3aMoxHoe 4ncno nepegaBaeMbiX NporpamMM 3BYKOBOMO cTepeodoHMYeckoro BellaHus dopmata
32 K6ut/c B oaHOM paanokaHare ana BcexX KoMBUHaLniA MoaynaunoHHOro CO3BE3aNs U CKOPOCTU NMOMEXoYyc-
TOWYMBOro KOAMPOBaHMUS NpUBEAeHO B Tabnuue 2.

Tabnwuya 2— Bo3aMoxHOe YMCO NepedaBaemMblX 3BYKOBbIX NPOrpaMm B O4HOM paguokaHane

Yucno 3BykoBbIx Nporpamm (32 KéuTt/c)
Tun cosBesaua CkopocTb kofa
Kanan 100 kl'y, Kanan 200 kI'y, Kanan 250 kl'y,

112 2 4 6

QPSK 2/3 3 6 8

3/4 3 7 9

1/2 4 9 12

16-QAM 2/3 6 13 16
3/4 7 14 18

1/2 7 14 18
64-QAM 2/3 9 19 24
3/4 10 22 28

MpeanoytuTensHbIe BagodopMarT 1M Y1Cho NepeaaBaeMblX MpPorpaMm 3ByKOBOMC CTepeodOHNYECKOro
conposoxaeHus popmata 32 K6uT/c B 04HOM paanokaHare Ans Bcex kKoMGuHaLmi MoaynsiLMOHHOTO CO3BEe3-

OnA N CKOPOoCTHU I'IOMeXO)/CTOW—II/IBOFO KOOMpPOBaHNA NpuBeaeHbl B Tabnuue 3.

Tabnwuya 3 —IlpegnoytutensHble BuageodopMaTt M YMCNO NepeagaBaemblxX 3BYKOBbIX MPOrpaMm B OHOM pajmoka-

Hane
Bupeodopmar, uucno kagpos/c (YMcno ayauonporpaMm)
Tun coseesaus CropocTb kopa
Kanan 100 kl'y Kanan 200 'y Kanan 250 kl'y,
1/2 QCIF, 5 (1) QCIF, 12,5 (1) QCIF, 12,5 (1)
QPSK 2/3 QCIF, 5 (1) QCIF, 12,5 (1) SIF, 12,5 (1)
3/4 QCIF, 10 (1) SIF, 12,5 (1) SIF, 12,5 (1)
1/2 QCIF, 10 (1) SIF, 12,5 (1) CIF, 12,5 (2)
16-QAM 2/3 QCIF, 12,5 (1) CIF, 12,5 (2) CIF, 25 (1)
3/4 QCIF, 12,5 (1) SIF, 25 (1) CIF, 25 (2)
1/2 QCIF, 12,5 (1) SIF, 25 (1) CIF, 25 (3)
64-QAM 2/3 SIF, 12,5 (1) CIF, 25 (3) CIF, 25 (4)
3/4 SIF, 12,5 (1) CIF, 25 (5) CIF, 25 (6)

OanHble B Tabnuuax 1—3 npuegeHbl 4nsa norudeckoro kaHana KOC npu otcyTeTBUM KaHanos HCK 1

HKA.

5 Tpe6oBaHuA K npoueccam (hopMUpPOBaHUA KAAPOBOMN CTPYKTYPbI,
KaHarnbHOro KoagnpoBaHUA U MOAYyNALUK

5.1 O6wue TpeGoBaHUA

Cuctema kaHanbHoro kognposaHua 1 OFDM-moaynaunm — 310 pyHKUMOHAaMNbHbINA 610K, BBINOMHSAO-
LIMIA aganTaumio AaHHbIX OT BbIXoA4a KoAepa UCTOYHMKA CUrHarna K xapaktepuctukam kaHana. MoToku AaHHbIX
Bcex normveckunx kaHanos aaHHbIx (KOC, HCK, CK) noaeepratoT criegytolwimM npeobpaszoBaHusm (CM. pUcyH-
Kn1,2):
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- cbopmuposaHue K[;

- paHgoMusauus pacnpegeneHus aHeprum KI;

- BHewHee koaupoBaHue KM (6nouHbi kog BYX);

- BHyTpeHHee koguposaHue KM (6noyHbli kog LDPC);

- 6utoBoe nepemexeHue MKA;

- oToBpaxeHue BUTOB Ha AYEKN MOAYIISILUOHHOIO CO3BE3AUS;

- NnepeMexeHne sveeK B pamkax ogHoro unu Heckonbkux MNKA;

- BpeMeHHbOe nepemexxeHue B paMkax 0gHoro unm Heckonbkux MKAQ,;

- oToBpaxeHne AaHHBIX BCEX JIOMMUYeCcKUX kaHanos Ha siuerikn OFDM;

- YaCTOTHOE NepeMexXeHue U BBoA CNyXebHbIX HECYLLNX;

- KOppeKuusa nuk-cakTopa;

- OBNe;

- BBeAeHWe 3aWunTHOro nHTepaana u gopmmpoBaHue nonHoro curHana OFDM.

Cuctema gonyckaeTt pasnuyHble ypoBHU Modynsaumn QAM 1 pasnuyHble CKOPOCTU KaHanNbHOro KoaMpo-
BaHuA B kaHane KOC, koTopble UCMOb3YOT A1 AOCTWKEHUS ONMTUMAIIbHOMO COOTHOLLEHUS MeXAY CKOPOCTbIO
LMcpOBOro NOToKa U HaAeXHOCTbio (NoMexo3almieHHocTbio). KaHansl HCK u HKO oTnnyae T 66nblwas nome-
X03allMLLEHHOCTb U COOTBETCTBEHHO BOsbLIAsi 30Ha 0XBaTa BelaHWeM U YCTONYMBOCTL NpreMa Nno cpasHe-
Huto ¢ kaHanom KOC.

BnokaganTtauum BXogHOIo NoToKa UrpaeT posb UHTepdpenca u npegocTaBnsieT BO3MOXHOCTb NOAKNoYe-
HUS K Kodepy KaHana no6oro BXoAHOro noToka co CKopocTbio, He 6onbLue 3aaaHHoi. KpoMe Toro, 6nokaganta-
LUK BxogHoro notoka chopmupyet anemeHTapHble K1 Ans aanbHewen 06paboTku kogepoM kaHana.

Bnok paHgomMusaunn ocyLecTBAsAET NpoLueaypy paccensaHusl 3HepruyM ABOUYHOMO LidpoBOro noToka,
npespatlyas ANMHHbIE NOCNe4oBaTENbHOCTU UAYLUMX NOAPSA HYNEen Unu eQuHUL, B NceBAOCYYaNnHYo ABOUY-
Hyto nocneaoBaTenbHOCTb. [laHHas onepauusa obecneumBaeT IHEPreTUHECKUIA BEIMMPLILL NPU AanbHeAWeM
dhopmMmpoBaHUKn paguocurHana (BeIUrphILL Mo Nuk-pakTopy curHana).

Brok nomMmexo3almnTHOro KOAMPOBaHMUA BKIMoYaeT B cebs kackaz U3 BYX NOMEXOYCTOMYMNBLIX KOAEPOB:
BYX 1 LDPC. BeixogHas anuHa MK nocne kaHanbHoro kognposaHust ans kaHana KOC 3aBucuT oT nonockl
paguokaHana, a Takke oT Hann4us unu oTcyTeTBUs kaHanos HCK nHKA (cM. Tabnuuy 6). AnuHa MK ana kaHa-
naHCK coctaenset 1312 6uT, a ang kaHana HKA — 1066 6ur.

BuUTOBbLI NepeMexnTens NpeaHasHaveH Ans ocnabneHna BNMAHUA nakeTHbIX 61uToBbIX owmbok. buto-
BbIll NnepemexunTtens paboTaeT B npegenax ogHoro MKA.

Bnok moaynsauumM ocyulectensieT oTobpaxeHue nocnegoBaTenbHocTU rpynn 6utoB (1 — BPSK,
2 — QPSK, 4 — 16-QAM, 6 — 64-QAM) Ha TO4K/ BbIBpPaHHOr0 CUrHarbLHOro Co3Besaus.

MepemexunTensb sueek NnpeacTaBnaeT u3 cebst YacTOTHLIN NepemexnTenb, obecneymsatoLwmin AONONHU-
TENbHY0 YCTONYNBOCTb CUrHana K 4acToTHBIM 3aMUpaHUsAM B KaHarne.

BpeMeHHO nepeMexnTens npegHasHadveH ansa rnybokoro nepemexeHns ogHoro nnu Heckonbkux MKAQ
ANS 3aLUUTBI OT BpeMEeHHbIX 3amM1paHuil kaHana. BpeMeHHO nepeMexunTenb NpUcyTCTBYeT TOMbKO B kaHane
KOC.

Pa6oTa kaHana HCK o6ecneuynBaeTca Tem xe Habopom 6110KkoB, uTo 1 paboTa kaHana KOC, 3a ucknrove-
HMeM BpeMeHHOro nepemexutens. Kpome Toro, Ansi MOBbILWEHUA NOMEXOYCTOMYMBOCTA AaHHOro KaHana
ncnonb3ayeTcs Tonbko Moaynsaumns QPSK 1 ckopocTk kaHanbHoro kognposarus 1/2. Kanan HKI noctpoeH aHa-
nornyko kanany HCK, npu aTom ucnonb3syetcst Tonbko Mmogynsuus BPSK 1 ckopocTs kaHansHoro kegnposa-
Hua 1/2.

MynbTunnekcop NoTokoB bopMUpyeT U3 MNOCTYNALWMNX Ha ero BXo4 MOAYINMPOBaHHbIX SYeek AaHHbIX
pasnuyHbIX kKaHanos OFDM-cumBonel. Mpu 3TOM KaXablil KaHan oTobpaxatoT Ha onpederieHHOe YMCIo Hecy-
wux. KaHan HCK oTo6pasatoT Ha 32 Hecylime, kaHan HKO — Ha 26 Hecywmx. Yncno Hecywmnx kaHana KOC
3aBWCUT OT NCMONb3YEMON MONOCH PaaMoYacTOTHOMO KaHana v HanuM4mMs 1M oTcyTCTBUA AONOMHUTENbHBIX
kaHanoBs gaHHeIX — HCKu HK. Mocne oTobpaxeHus AaHHbIX Bcex kaHanos Ha Hecylwme OFDM ocywecTens-
0T YacTOTHOE NepemMexeHne, B pesynbTaTe KOTOPOro HU3KOCKOPOCTHbIE HaeXHbIe MOTOKA nepeaatoTcs Ha
pasnuYHbIX HECYLLMX B pasnuyHblX cumeonax OFDM, 4To noBbllaeT yCTON4MBOCTb CUCTEMBI Nepeaadn aaH-
HbIX K 4aCTOTHO-CeNeKTUBHbIM 3amupaHuam. Kagp OFDM coctout ns 41 cumsona OFDM. Paamep MNMKZ B noru-
YeCcKOM KaHane AaHHbIX paBeH NponsseaeHuto konudecTsa Hecywmx OFDM, cooTBETCTBYHOLLMX NTOrM4ecKoMy
KaHany AaHHbIX, Ha Y1cno cuMBornoB B kagpe OFDM (cm. 6.4, Tabnuua 6).

[Oanee B MynbTUNNekcupoBaHHbli notok OFDM-cMMBOMIoB BBOAAT MUIOTHLIE HecyLme u HecyLme MIMC,
obecneynBaroLLme Ha CTOPOHE NpUeMa BO3MOXHOCTU CUHXPOHMU3ALMMU, KOPPEKLMN KaHamNbHBIX UCKaXXEHWA 1
nepegavv SONONHNTENbHON nHopMaLMK, B TOM YMCHe O napaMeTpax MoAynsaLuMn U KaHanbHoro koauposa-
HUA, HANUYNA PASNINYHBIX KAHAMOB OaHHbBIX U MP.

8
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Koppekuust nuk-chaktopa curHana sisnsieTcs HeobsizaTenbHOW, HO pekomeHayemoin. Bo3aMOXHbIA anro-
pUTM KOppeKUnn Nuk-cpakTopa npuseaeH B npunoxeHun B.

Ha Bbixoge OBMN® chopmMupytoT BpeMeHHOW OUCKPETUINPOBAHHBIA CUrHar, KOTopblA nocne BeeAeHUsI
3alUUTHOrO MHTepBana nocTynaeT Ha Bxod 6noka LIATT.

MpK MCNONB30BaHWMM pa3HEeCEHHOW Nepedayn 4o BBoAA 3alUTHOro MHTepBana ocyLecTBAIT BBeje-
HWe 3afePXKn curHana (cMm. npunoxeHue IN).

5.2 Tpeb6oBaHuA k npoueccy chopmupoBanusn KO

Paamep K[ 3aBucuT OT napameTpoB KaHanbHOro kogmMpoBaHus (cM. 6.4, Tabnuua 6) u paseH pasmepy
HekoauposaHHoro 6noka BYX-kona K.

K[ cocToUT 13 3aronoBka, Nofie3Hon Harpy3kn 1 3anoiHeHus!.

B kayecTBe NONe3Hon Harpyski MOryT ObITb UCNOMB30BaHbl AaHHble cnegytowlero Tuna (popmara):

- T

- M4, a UMeHHo, NakeTbl PUKCUPOBaHHOM NV NePEeMEHHON ASTUHBI;

- nakeTkl NpoTokona YWrT;

- HCnAa.

OnucaHne nonei 3aronoska K[ npeactasneHo B Tabnuue 4.

MonesHyto HarpysKky, NpeacTaBnsiowyo coboi Nonb3oBaTensCckne aHHbIE, 3anMcbiBalOT NOcne 3aro-
noska. Ee pasmep 3anunceIBatoT B rone ANMHbl AaHHBIX 3aronoBka, 3TOT pa3Mep He MOXKeT NPeBbIWAaTh 3Have-
HW4, pasHoro pasmepy K[ MUHYC pasmep 3aronoBka.

3anonHeHue 3annceiBatoT Nocre NoNne3Hon Harpysku, ecnm ee pasmep Noc pasmep 3arofoBka MeHbLLe
pasmepa K[; 3anonHeHue NpousBOLAT HyIAMMA.

Tab6nwnua 4 — OnucaHue nonen 3aronoska K[

Mone Paamep Onucaxue

1 Twn gaHHbix, TYPE | 1B (unu 6onee) | Mone cocTouT 3 BUTOBBLIX AaHHbIX

Butbl Butbl 0, 1 26Ut Tun NOToKa gaHHbIX;
nons 00b — nakeTbl npoTokona YWUIT;
TYPE 01b — HenpepbIBHLIN NOTOK AAHHbLIX, CTPYKTYpa KOTOPOro HEM3BECTHA Ka-

HaneHoMmy kogepy, HCIMA,;

10b — noToKk NakeToOB NepeMeHHON UNKU NOCTOAHHON ANUHbLI, pa3mep KOTO-
pbix He npeBbiwaeT 65536 6uT, MNA;

11b —TT11

Bbut 2 16uT WHavkaTop NpucyTCTBUSI BPEMEHHOW METKM NEPBONO NOMHOIO NakeTa AaH-
Hbix B AaHHom K1 (ans notokos Tuna TM v MA):

1 — BpeMeHHas MeTka NepBoro NONHOrO NakeTa AaHHbIX NPUCYTCTBYET;
0 — BpeMeHHAs! MeTKa NEPBOro MOMNHOIO NaKeTa AaHHbIX OTCYTCTBYET

But 3 16mT MHavkaTop nakeToB nepeMeHHON anuHbl ans pexvma MNMo:
1 — nakeTbl NepPeMEHHON AWHbI;
0 — nakeTbl NOCTOAHHON ANWHbI

but 4 16ut WHpukatop pobaeneHnsi BpeMeHHOW METKM K 3aronoBky Nonb3oBartenb-
ckoro naketa (ans notokoe Tunos T v M1):

1 — K 3aronoBKy Kaxgoro nonb30BaTerlbCckoro naketa gobasneHa Bpe-
MEHHAA MeTKa;

0 — BpeMeHHas meTka He 406aBnAeTCA K 3aroNoBKy NONb30BaATENBCKOrO
nakera

But 5 1 6uT Wupukatop poGaenenns Homepa KI:
1 — none Homepa K[ npucyTcTByeT;
0 — none Homepa K[] oTcyTcTBYET

But 6 1 6uT 3apeaepBUpoOBaH
But 7 1 6ur WHavkaTop mpucyTCTBUsSI criegytowero 6ainta, OTHOCAWErocs K Monto
TYPE:

1 — cnepyrowmii 6ant otHocuTtest k nonte TYPE;
0 — cnepyolwmii 6alT OTHOCKUTCA K CneayloWwemMy nomnio 3aronoBka

2 Ywucno 6utoe none- | 2 b Mone npucyTcTBYET TONbKO AnA AaHHbIX M 1 Tonbko npu c6poleHHOM
30BaTeNbCKOro nake- 6nTe 3 nons TYPE (nakeTbl NOCTOSIHHOW AMNWHbI)
Ta UPL
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Mone Pasmep Onucaxue

3 Yucno omtoe nonst | 26 OnuHa nons AaHHbIX, COAEPXKAaLLEero noyb3oBaTeNbCkMe NakeThl

AaHHbIx DFL

4 Yucno butoB cagu- | 2B PaccrosiHve oT Havana nons gaHHbIX 40 Ha4Yana nonb3oBaTenbCKoro na-

ra Ha4yana CUHXPOHU- keTa (paBHo 0, ecrnv Havano Nosb3oBaTeNbCKOro NakeTa coBnagaeT ¢ Ha-

3aumm SYNCD Yyanom nons AaHHbIX; paBHO 65535, ecrny B None AaHHbIX HET Havana Hu
OIHOro NakeTa); 3To nore oTcyTcTByeT B pexume HCI

5 BpemeHHan meTka | 2B BpeMeHHasi meTka NepBOro NonHoro NakeTa gaHHbIX (MPUCYTCTBYET, ecnu

TIME BbicTaBneH 6ut 2 B none TYPE)

6 Homep KO N 2b MopsiaKoBbLIN HOMEpP TEKYLLLEro kadpa AaHHbIX Mo Moaynio 65536 (npucyT-
CTBYET, ecrnv BbicTaeneH 6ut 5 B none TYPE)

7 KoHTponeHass cym- | 1B CRC-8 gns nonew ¢ nepeoro no wectoe (anroputm pacyera CRC-8 npw-

ma CRC-8 BeZieH B npunoxexum 1)

Pasmep 3aronoBKa Kagpa aHHbIX 3aBUCUT OT TUNa AaHHbIX nonesHon Harpysku, nepemMmeH HOW MU cprken-
POBaHHOW ANWHLI NaKeToB, HaNN4Yus BpeMeHHOI/I MeTKM NakeToB, Hann4na HoMmepa KA:

M, nakeTbl (BUKCUPOBAHHOR ANMHBL . . . . . . . . o v v v e e v 8 b;
MO, nakeTbl NEPEMEHHON AMMHBI . . . . . . . . . v v v v i e e 6 b;
T e 6 b;
YU e e 6 b;
HCOO . . . . 4B.

Pa3mMep saronoska ysenuuuaeTcs Ha 2 b npu nepegade BpeMeHHON MeTKN (BbicTaBneH 6ut 2 nons
TYPE saronoska K).

Pa3mep 3aronoska ysenuuusaeTcs Ha 2 b npu nepeaade Homepa K (BbicTaBneH 6ut 5 nona TYPE 3aro-
noska KA).

Pasmep 3aronoska kagpa AanHblX ysenudusaetca Ha 1 B npu ysenudeHuu nons TYPE (BbicTasneH 6ut 7
nona TYPE 3aronoska KA).

Monb3oBaTensckue nakeTbl cHabxatoTcs 3aronoskamu (0, 2 unn 4 b):

- BpemMeHHaa meTka, 2 b, ecnu BoicTaBneH 6ut 4 nona TYPE (nepeaava BpeMeHHOM MeTKU NONb30Ba-
TenbLCKOro NakeTa) — TOMbKO Anst noTokoB Tuna TN v MNA;

- ANWHa nakeTa, 2 b, ecnu BbicTaeneH 6uT 3 nons TYPE (nakeTbl NepemMeHHON AfUHBbI) — TONbKO ANA
notokoB Tuna MA.

5.3 Tpe6oBaHuUA k npoueccy paHAoMU3aL UK pacnpegeneHust 3Heprum

K[ paHaomMnsnpyioT (cKpembnupyioT) B COOTBETCTBUM CO CXeMOW, NPUBEAEHHON Ha PUCYHKe 3.

Mopoxaatownin nonuHom ans NCAM umeeT Bua 1 + x14 + x15.

3arpysky uHuuuanusupyowen nocnegosatensHocTu «100101010000000» B perucTpsl MCANM, kak yka-
3aHOo Ha puUcyHke 3, cneayeT NPoBOAUTL NPU Havane 06paboTku kaxkaoro KA.

MepBbIin 61T Ha Bbixode reHepaTopa MNCAM agonmkeH BbITb NPUMeEHEH K NepBoMy BUTY (T. €. K cTapLuemy
6uTty) nepsoro 6ainta KQ.

UHuumanuaupyioLas nocreaoBarenbHOCTb
1 0 0 1 0 1 0 1 0 0 0 0 0 0 0

1 2 3] 4 5 6 7 8 9|10 11]12]|13]| 14| 15

00000011...

- 3 PaHaoMu3npoBaHHbIA
BxoaHoi noTok Gutos BbIXOHOW NOTOK 6UTOB
(ot crapwiero k mnagwemy)
XOR

PucyHok 3 — Cxema paHaoMun3aumm aHHbIX
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54 TpeGOBaHMﬂ KnoacuctemMe KaHanbHoOro kKogmpopaHusa

MoacucTeMa kaHarnbHOro KOAMPOBaHUSA AOIHKHA BBIMOMHATL BHellHee koanposaHue BYX, BHyTpeHHee
koaupoBaHne LDPC 1 nobutoBoe nepemexeHune. BxodHol NoTok OormkeH cocTosaTb U3 K[, a BbIxoAHOW
notok — n3 MKM.

Kaxawbin K, conepxawnin K, ., 6uToB, 4omkeH 06pabaTtblBaTbCsA NOACMCTEMON KaHarlbHOro (Momexosa-
LLMTHOTO) KoAMpoBaHus Ans popmuposanns MK, conepxatlero Ny, 6utoB Ny, — Kp,c, TPOBEPOUHBIX GUTOB
cucTemMaTndeckoro BHelwHero koga BYUX gormkHel 6bITb NpucoeanHeHsl B Havane KA, pasmep K, Takum obpa-
30M, yBennunsaeTces 40 Npcp, = Ky, 61TOB Njypc — Kigpc NPOBEPOUHBIX GUTOB BHYTpeHHero kogepa LDPC aon-
XXHbl BbITb NpYCOeAUHEHbI B kKoHLLe K[,

5.5 TpeboBaHusa k BHellHeMy KogupoBaHuto BYX

Onarenepaunn MKA koa BYX (Npop, Kpep), KOPPEKTUPYIOLLINI EOLLNGOK, AOSDKEH BbITh MPUMEHEH K KaXKao-
my KA. MprMUTUBHBIE NonnHoMbl koga BYX npuseaeHsbl B Tabnuue 5.

[ns nony4yexus nopoxaarowwero nonmHoma g(x) koga koppekuum f ownbok kogepa BYX cnegyeT nepe-
MHOXWTb MepBble f TPUMUTUBHBIX NONIMHOMOB, COOTBETCTBYIOWUX Ny .\, (CM. TABNULY 5).

Tabnwuuya 5—NpuMnMTUBHBIE NONMHOMbI Kogepa BYX

MpumuTUBHBIE NONMHOMBI kofepa BYX ans pasnuuHbix sHaveHui N,

MpumMnTUBHBIE NonNMHOMbI Anst 512 <Ny, < 1024

91(¥) 1+ x84+ x7 + x9 + x10
9(x) 1+x2+ 3+ x4+ 10

950 1T+x2+x3 + x4 +x5+x8 + x8 + x9 + x10
9400 Tx+x2+ x4 +x5+ x93+ x10

g5(x) T4+ x+x2+ x5+ 0+ x8+ x10

9e(X) 142+ x4+ x5+ x10

MpumMnTVBHbIE NONMHOMBI Ana 2048 <N, . < 4096

94(%) 14 x8 + x84+ x11 + x12

MpumMuTVBHBIE NONMHOMBI Kodepa BYX ans pasnuunbix sHadvequn N, o,
g,(%) 1+ X2+ x84+ x8 + x93+ x11 + x12
93(¥) 14+ x84+ x9 4 x10 4 12
94(X) 1+ x2+ x5+ x7+x3+ x1 + x12
95(x) 1+3 +x4 + x5+ x8 + x7 + x8 + x10 + x12
gs(¥) T4 x+ 3+ x4+ x5 4 x7 + x10 4 x11 4 x12
g(x) 1T+x2+ x4+ x84+ x5+ X1+ x12
9s(x) 142+ 3+ x7 +x8+ x%+ x10+ x11 + x12
gg(X) T+x+x2+x4+x8+x8+ x9+ x!1 + x12
g10(x) T+x+x2+x +x10+ x1 + x12

MpumMUTMBHBIE NONUHOMBI Ans 4096 <N, , < 8192

91(¥) 1+ x2 + x10 4 x12 4 x13

9(x) 1T+ +x +x8+x8+x9+ x18

95() 14324+ x5+ 30 + 59+ x12 4 418

94(%) 1453 458 458 + 57 + x10 4 X1 4 412 4 13
g5(X) T+ x+x5+xX8+x7+x8+ x13

9e6(X) 1T+x4+ X3 +x8+x8+ x12 4 x13

11
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MpumMUTUBHBIE NONUMHOMBI Kofepa BYX ans pasnuuHbix sHaveHuin Ny

MNpyMnTUBHBIE NonMHOMBI AN1A 4096 <N, ., < 8192

97(x) T+ x+x7+x8+x9+ x10+ x13
gs(x) T+ x4+ x0 + x84+ x9 4+ x10 4+ x1 + x12+ 13
go(¥) 1+x2+3+ x4+ X3 +x8 +x7 +x8+ x%+ x10 + x11 + x12 + 13
910(¥) T+ x+x2+ x4+ 8+ x10 4+ 413

MpumMUTUBHBLIE NONMHOMBI Ans 8192 <N, . < 16384
g1(¥) 1+ x+x3+ x5+ x4
9>(%) 1+ x8 +x8 + x11 + x14
gs(%) 1+x+x2+x0+x9+x10+ x4
94(%) 1+ x4+ x7 +x8 + x10 + x12 + x14
95(X) 1+x2+x4 +x8+x8 + x9 + x11 + x13 + x14
gs(¥) 143+ x7 +x8+x9+x13 4 x14
97(x) 1+x2+ x5 +x0 + x7 + x10 + x11 + x13 + x14
9g(®) 1+ x5+ x8+x9+ x10 + 11 4 x14
go(X) 1+ x+x2+ 53+ x9 + x10 + x4
910(¥) 1T+x3+x8+x9+ x1 + x12 4+ x14

MapamMeTpbl KaHaNbHOrC KOAUPOBaHMWSA Y pa3mepbl KadpOB AaHHBIX 4118 BCeX KaHanoB nepefayvum aHHbIX
npveegdeHsl B Tabnuue 6.

Tab6nunua 6 —MNapameTpbl KaHaNBHOIO kKogupoBaHusi cuctembl PABUC

KoavpoBaHHbIA 610K KoanposaHHbIn 6nok
MpumepHas HekooupoBaHHbIv BUX N, Hexogu- Koppekuus { oimbok N _K LDPC N,de (unecno
CKOPOCTb Koaa Briok BYX K, POBaHHbIi GIIOK BYX-kona bah " beh HECYLUMX B KaHane
LDPC K,dpC OaHHBIX)
Kanan ocHoBHoro cepeuca (KOC), pagmokanan 100 kI'y
1/2 3904 4024 120 8036
2/3 5232 5362 KOC
130 196 HecyLmMX
3/4 5896 6026 ( yuwx)
1/2 3368 3488 120
6 970
2/3 4520 4650 130 KOC (170
+H
3/4 5096 5226 " Heoylux) + HKQ
1/2 3248 3368 120 6724
2/3 4352 4482 130 KOC (164
3/4 4912 5042 Hecywmx) + HCK
1/2 2712 2832 120 5658
KOC (138
2/3 3656 3776 130 HecyLmx) +
3/4 4112 4242 + HCK + HKA,

12
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MpumepHas Hgkonmgg)a(a;HbM EKSI?(MI‘\)I:;éFIiIHeblz;;pOoK. Koppekuus f owin- N,y — K, N“%E;gﬁg:‘:ﬂyﬁ;; :;E:;_
CKOpOCTb Koaa TIOK BaHHbI Gnok LDPC 6ok BYUX-kona Idpc
Kldpc ne AaHHbIX)
Kanan ocHoBHoro cepsuca (KOC), paguokaHan 200 k'L,
1/2 8056 8196 16 400
2/3 10792 10932 140 KOC (400 necyux)
3/4 12160 12300
1/2 7536 7666 130 15334
2/3 10088 10228 140 Hec?uﬂﬁe?Z?ﬂKﬂ
3/4 11360 11500
1/2 7416 7546 10 130 15 088
2/3 9920 10060 140 Hec5u04£|:x()3f|8—|CK
3/4 11176 11316
1/2 6880 7010 130 14 022
2/3 9208 9348 140 Hecyu-wll(gg Séﬁ L HKE
3/4 10376 10516
Kanan ocHoBHoro cepsuca (KOC), paguokaHan 250 k',
112 10192 10332
213 13640 13780 140 KOG (5%%‘?_?;‘0)/”4“3)
3/4 15360 15500
1/2 9664 9804 19 598
2/3 12928 13068 140 KOC (478
3/4 14560 14700 Hecywnx) + HKA
1/2 9536 9676 10 19 352
213 12760 12900 140 KOC (472
3/4 14376 14516 Hecylue) + HCK
1/2 9008 9148 18 286
2/3 12048 12188 140 KOC (446
3/4 13576 13716 Hecywuwx) + HCK + HK
HuskockopoctHoi kaHan (HCK)
1/2 ‘ 592 ‘ 652 ‘ 6 ‘ 60 ‘ 1312 (32 Hecywme)
HagexHbm kanan gaanHeix (HKO)
1/2 ‘ 472 ‘ 532 ‘ 6 ‘ 60 ‘ 1 066 (26 Hecywwmx)

KoauposaHne BYX BxoaHon 6uTOBOM MHOPMaLMOHHOW nocnepoBaTenbHOCTM M= (mgy, my, ... ,

My, > Mg, ,_1 ) BBINOMHAIOT CrieAyoLMUM 06p23c,),M:1 Koo -2

- = ch ™ C +
nonuHoM cooblieHnss m(x)=mg, , 1X +Mg, , 2X

xNboh—Kpeh -

- xNbeh=Kbeh m(x) OensT Ha NOPOXAAOLLMIA

= dy boh—Kboh—1%

beh =Ky -1, -

.+ dyx +dy;

MonnMHOM g(x),

OCTaToK

+ myX + My yMHOXaloT Ha

paBeH d(x)=

13
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- co34aloT BbIXxoAHOe KoaoBoe cnoBo lbch, koTopoe hopmupyeT nHdopmaumnorHHoe croso Ibchans kogu-
pOBaHus c NOMOLLbI0 KofoB LDPC B COOTBETCTBUM CO C/IeAYHOLW MM BbIpaXEHNEM:

lbch = (/Q /L, ... "iNbch- ) ={do, db dNbch-Kbch 2, dNbch-Kbch_i ... m Kbch- 2, m Kbch- i)-
MpuMmeyaHne — SKBUBAIEHTHBI MOMHOM KOAOBOTO C0Ba MMEEeT BUA ¢(X) = x Nbch~Kbch T (x) + d(x).

5.6 Tpe6oBaHuA K BHYTpeHHeMY kKoguposaHuto LDPC

Kogep LDPC o6pabatbiBaeT BbIX0f, BHEWHEro koguposaHus lbcb = (0, ... i/kWc- i) kak6nok nHcopma-
uum pasmepom K/cpc GUTOB 1 cucTtemaTnieckn KogmpyeT ero B kogoBoe cfioBo A pasmepom Nidpc,

roe A =(Ro, N, ~2 AWpc-1) = (o '1l- mm-'K/dpc-b Po- P me>Pmlljpc k. 1)m

apameTpsbl koga LDPC /Wpc, K/dpc npusegeHbl B Tabnuue 6. K

3apgaua kogepa — onpegenntb Nldpc - Kldpc = M!dpc npoBepoutbix 6utoB (pO,pl,..., pM 1) Ans kax-
poro 6noka r3 Kidpc nHhopmaunoHHbix 6uToB (/0, n1,,... ,1KLjc- 1 )m

MaTpuya H, ncnonbsyemas gss pacyeta npoBepoyHbix 6utos koga LDPC, nmeet MLDPC ctpok, KLDPC
CTONBLOB M COAEPXUT OTHOCUTENIEHO Masioe YNC/I0 HEHYNEBLIX 3N1eMeHTOB hn T = 1, HeperynsipHo pacnpege-
NIeHHbIX N0 CTPOKaM U cTonéuam.

MpaBni0 NOYyYEHUs KaXA0ro U3 NPOBEPOYHbIX 6MTOB 3anncbiBalOT B hopMme:

Kicps Kifos
Pi= j+pi-1/=1, ... , Mduc, po = Jij =
7=1" 7=1

KogmpoBaHue ocyLecTBAAIOT C UCNONb30BaHMEM MaTpULbl /-/COOTBETCTBYOLLEN pa3MEepPHOCTU.

Mpoueanypa hopmupoBaHnsa matpuy /-/Ansa Bcex ncnosb3yembix napameTpos koga LDPC npusBegeHa B
npunoxexuu E.

5.7 Tpe6oBaHUA KOUTOBOMY NEPEMEXEHUIO

Boixog A kogepa LDPC nopgsepraloT nMo6MTOBOMY MNEpPEMEXEHUD, KOTOpPoe npeAcTaBnsieT coboi
nepemexeHue co C4BUIOM Hayana cTon6uo0B.

Mpy nepemexeHUn co CABUIOM Havana cTonbuoB OUTbI faHHbIX A, nocTynawwue oT kogepa LDPC,
nocsiefoBaTesibHO 3aNnCbIBAOT B MEPEMEXMTENb N0 CTON6LAM ¥ NOCNe[0BaTe/IbHO CHMTLIBAKOT NO CTPOKaM
(cTapwuit 6ut 3aronoska MK cunTbiBalOT NEPBbIM), Kak NOKa3aHo Ha pucyHke 4. 3anncb CTapTOBOM NO3ULMK
KaXX4oro ctonbua casuralT Ha /Cc B COOTBETCTBMM C TabnUen 7, B KOTOPOW npeAcTaBeHbl 3Ha4YeHUs /c ans
c=0,..., 11; ansa ocTanbHbIX 3Ha4YeHuii fc = fcmod 12-

3anucb YrteHne

PucyHok4 — lNpoueaypa 6UTOBOro nepemMexeHuns

14
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Hucno cTpok noGutosoro nepemesutens N, = 41, 4icno ctonbuos N, = Nyy,. div N,.
Moaynb nepemeskeHus onpeaeneH cneayowmm obpasom:
- BXO[HOW 61T );C HAeKcoM /, Npn 0 <i< Ny, 3anu1ceIBatoT B CTONGEL, C;, CTPOKY £; MOAYNS nepemeske-
HUA,
rae ¢;=idivN,,
;= (imod N, + fg, moq 12) MOd N;
- BbIXOAHOW 6UT V; C UHEKCOM janal<j< N,dpC CUNTBLIBAIOT U3 CTPOKU ), ctonbeu c;,
roer; = JdiviN,,
c;=jmod N

Tabnwuuya 7— CaBur cTapToBOM No3uumm ctonbua sanucy npm GUTOBOM NepPeMexXeHnm

Homep ctonbua ¢ 0 1 2 3 4 5 6 7 8 9 10 11
MapawveTp cagura t, 0 2 5 9 9 13 17 19 19 23 31 37

5.8 TpeboBaHUA kK 0OTOGpakeHUI0 GUTOB Ha AYEKU

OpaunH unn Heckonbko MKA gomkHbl 6bITh NPeobpazoBaHbl B KOANMPOBaHHBIA U MogynvupoBaHHbIa B,
[nsa aToro NoTok BXoAHbIX 6UTOB cHavana pasgensoT Ha KoAoBbIe CNIoBa Si4eek, a 3aTeM aTu crosa oTobpaxa-
10T Ha MOy NALUMOHHOE Co3Besamne. ShEKTUBHOE YACTIO BUTOB Ha AYEKY MOAYMALMUKN 1y,op NPVBEAEHO B Ta6-
nuue 8. B[ coctout 13 my,op MK, Takum 06pasom, YCTo sueek BbIXoAHbIX AaHHbIX B B/ paBHO Ny, ..

Tabnwnuya 8—Yucno 6BUTOB Ha AYeliKy MogynsaLMK

Tun moaynsuuu YHucno BuToB Ha sYerky 1y 0n
64-QAM 6
16-QAM 4
QPSK 2
BPSK 1

PasneneHue nocneaosatensHOCT BUTOB Ha MOAYNNPYIOLLIME 3HAYEHS AYeeK OCYLLIECTBIAIOT crieayto-
WM 06pasoM: BUTOBLIA NOTOK ¥;, MOCTYNAIOLLNA OT BUTOBOrO NEpeMEXUTENS, pasaensioT (AeMyNbTUMNeKkcu-
PYHOT) Ha Ny, pstreams NOONOTOKOB, Kak NokasaHo Ha pucyHKe 5, 3HaveHne Ny, ctroams = MvoD-

Bxon Bbixog

bolo, b0'1 f b0,2" -

b1’0, b1,1, b1’2,...
Vg Vs Vo, ... >
———————» [lemynbTUnnekcop

szubstreams—1 0 szubstreams—1 S

PucyHok 5 — [eMynbTunnekcrpoBaHve notoka GuToB Ha NOAMNOTOKM

Pasaenexue noToka 6UTOB ONPeensioT kak oToBpakeHe NOBUTOBO NepemMexeHHbIX BXOAHBLIX BUTOB V;
Ha BbIXOAHble GUThI by j,
rae j=idiv Ngypstreams:
€ — vuHAeKckl 6UTOB, AeMyNbTUNNEKCMPoBaHHBIX Ha NoAnoTokM (0 <e < Ny, pstreams), KOTOPbIE 3aBUCAT OT
3HaYeHUs | B COOTBETCTBUM C TEM, Kak onpeaeneHo B Tabnuue 9;
v; — BX0[ AeMynbTunsekcopa;
i — nHaekc 61Ta BO BXOAHOM MOTOKE;
e, j — BbIXOA AeMynbTUMreKkcopa;
J — vHaekc 6uTa B 3ajaHHOM NOTOKe Ha BbIXOAe AeMyNbTUNIeKcopa.

b
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Tab6nuuya 9 — 3aBUCUMOCTU HOMEPOB BXOAHbIX M BbIXOAHLIX GUTOB AeMynbTUMNeKcopa

dopmart moaynauum CooTtBeTcTBUE BUTOB
QPSK Homep Bxoanoro 6uta i div Ny, iroams 0 1
Homep BbixogHoro 6uta e 0 1
Homep BxopgHoro 6uta i div N 0 1 2 3
16-QAM substreams
Homep BbixogHoro buta e 3 1 0 2
64.-QAM Homep Bxoaroro 6uta i div Ny, pcioams 0 1 2 3
Howmep BbixogHoro 6uta e 5 1 3 4 2
5.9 Tpe6GoBaHuA Kk 0OTOGpaxkeHUIo AYeeK Ha co3Be3gue
Kaxgoe KogoBoe CnoBo s4eek [y,-yq,..., yn/wooflq] = [b,-y g bn/wooflq ], noctynatoLiee oT 4eMynbTUN-

nekcopa, 4oMKHO OblTb 0TOBpaXeHo Ha Touky co3Be3gus ofHoro 13 Tunos: BPSK, QPSK, 16-QAM unu
64-QAM — ansa nonyyYyeHns TOYKM co3Be3aus Z, 10 HopManuaaLum.

ToYHbIE 3HAYEHUSA AEACTBUTENBHBIX U MHUMBIX KOMIMOHEHTOB Re(zq) 7] Im(zq) AN Kaxaon KombmHaumn
COOTBETCTBYIOLLNX BXOAHbIX BUTOB Y NPYBEAEHBI ANA Pa3NMYHBIX cosBe3ani B Tabnuue 10.

Tab6nwuuya 10 — OtobpaxeHne GUTOB SiHUEEK HA TOYKM CO3BE3ANS

Cossesgue OTtobpaxeHue

BPSK | Re(z,) -1 1

QPSK

16-QAM

A
o
~
Q
2
|
w
|
-
—_—
w| o olw|o o

o
RN
N
o
o
RN
N

py)
2
_QN
3
[
-
[
w
[
w
[
-
-

64-QAM

N

Ys.q 0 0 1 1
Ys.q 0 1 1 0 0 1 1
Im(z,) -7 -5 -3 -1 1 3 5

~N | O O O N O O O

CosBesgusa 1 getanusaums NMPUMEHAEMOro K HUM OTOﬁpa)KeHI/IFI noKasaHbl Ha PUCYHKe 6.

Toukn cosBes3gust Z, AN KaXOoro BXOAHOrO KOOOBOro cCrnoBa syeek [y,-y g ynMOD71’q] HopMa-
JTIN3YIOT B COOTBETCTBUN C Tabnuuen 11 gns nony4veHna ToO4HOro KOMMJEeKCHOro 3HaveHuna SYENKN, KOTOpOe
AOJTMKHO NCNONb30BaTbCA NMpn Moaynauun.
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Mogynsauus HopmMupyowwmii koahguumueHT Mogynsauns Hopmupytowmin koadpuumeHt
BPSK z, 16-QAM zN10
QPSK z/\2 64-QAM z,/N42

QPSK: nopsigok
Re{z} oto6paxaer yg .,

BUTOB — yo 4 V1.4
Im{z} oro6paxaer y, ,

Im{z}

16-QAM: nopsipok 6utos — Yoq Y1.q Yo.q Vaq

Im{z}

A

[ * -
1000 1010

A

-3 e °
0010 0000

o [
1001 1011

- 1e °
0q11 0001

}—» Re{z}
-3 -1 1 3
° e —+-le °
1101 1111 | 0111 0101
. o —+1-3e .
1100 1110 | 0110 0100

64-QAM: Nopsinok 6UTOB — yo o Y14 Y2q Yaq Yaq Ys.q
Re{Z} oTo6paxaeT yg 4, ¥oq: Y14 IM{Z} OTOBPAXAET vy 4. V34, V54

Im{z}

4

) ) ) * -
100000 100010 101010 101000

100001 100011 101011 101001

. . . °
100101 100111 101111 101101

A

-7 e . ) .
001000 001010 000010 000000

-5e ° ° [
001001 001011 000011 000001

-3 e ° °

.
001101 001111 000111 000101

L [ ] [ ] o -
100100 100110 101110 101100
7 5 3 -

L ] [ [ ] [ ] -
110100 110110 111110 111100

. . [ [
110101 110111 111111 111101

. . * )
110001 110011 111011 111001

.
110000 110010 111010 111000

-1e ] ° °
001100 001110 000110 000100
R

--1e ° [ ] [ ]

011100 011110 010110 010100

--3e ° ) .
011101 011111 010111 010101

--5e ° ° .
011001 011011 010011 010001

--7e [ ° °
011000 011010 010010 010000

Re{z} otoGpaxaer yg 4, ¥, 4, IM{Z} oTOGpaxaet y, ., y; 4

Re{z}

PucyHok 6 — OTtobpaxeHne 6uToB siueek Ha co3Besansa QP SK, 16-QAM n 64-QAM
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5.10 Tpeb6oBaHUA K NepemMeXxeHUnto ayeek

MceBaocnyyanHblli nepemMexuTesnb ayeek O/HKEH PaBHOMEPHO pacnpefenaTb ayeiku B BrA, 4Tobbl
obecneyvBaTb B MPUEMHUKE AEKOPPENAUMI0 KaHa/lbHbIX WCKaXeHWn u chBuratb nocnefoBaTesbHOCTb
nepemexeHus B bM/J Ha NpoTsXxeHnn ogHoro 610ka BpeMeHHoro nepemexenus (bBIM, cm. 5.11).

Bxopa nepemexutens siueek (gr Qgr gfiw ) BOMKeH nNpeacTaBNATL cO60i Aueikn gaHHbix B4
C MHAEKCOM I, C(DOPMUPOBAHHOI0 C NOMOLLLbIO CO3BE34UA, r0603HaYaeT yBenmunsawLwmnincsa niaekc b sHy-
pv BBI1. 3TOT nHAEKc copackiBaloT B HY/1b B HaYasie Kaxaoro BBI. Bbixog nepemexuTtens sueek0mKeH npea-
cTaBnATb coboli Bektop (dr Qdr 1,..., cf Nadls ,), onpefeneHHblii BolpaxeHnem

d, l(® =9gr,qans kaxgoro c/=0, 1....Ncells 1,

rae NcetB— yuncno BbIXOAHbIX Aueek AaHHbix Ha BM [, (paBHoe A/lchQ n
[_[n) — dyHKUMA nepecTaHOBKW, NpuMeHsemas Kk r-my B/ B pamkax BBIM.
dyHkumio Lr{q) onpepensitoT cnegyowmm o6pasom: /.4a) = (g Kr) mod Alcells. 3HaueHusi /"npnBeaeHbl B
Tabnuue 12.

Tabnuuya 12— 3HavyeHna Kransa yHKLMM NepecTaHoBKN L)

r 0 1 2 3 4 5
Kr 99259 99401 99559 99679 99793 99901

5.11 TpeboBaHWNA K BPeMEHHOMY NepemMexXeHunto

BBIM cocTtonT n3 ogHoro nnu Heckonbknx BIMA. Ero oto6paxatoT Ha Lenoe Yncao (OANH UM HECKOMbKO)
Kkagpos OFDM. AnntenbHocTb BBl NT, BbipaxeHHasa B kagpax OFDM, nepegaetca BIMMNC, NT=1,..., 6.

BpemeHHOI nepemexutens npeacTaBnseT CO60M CTPOYHO-CTONGLOBLIN G/OKOBLIA MepeMexnTens,
uncno cton6uos NTc = 41 B nepemexunTene paBHo Yncny cumBoioB B kagpe OFDM. Mpadmyeckoe npeacras-
JNleHne BPEMEHHOIO NepemMexunTesna nokasaHo Ha pucyHke 7. laHHble sHeeK 3anucbiBaloT B CTO/OLbI, & CYUTHI-
BalT NOCTPOYHO.

3an1cb YreHne
Mepsas

PncyHok 7 — Cxema BPEMEHHOr0o nepemMexuTens

Yucno cTpok BpemeHHoro nepemexutens NTr= (Alcel/s«NT) div NTc.
Mogaynb nepemexeHuss onpegeseH cnegywmm obpasom:
- BXoAHyt0 aveliky uTi c nHaekcom / npu 0 </'< (Alcel/s *NT) 3anuceiBatoT B cTtonbew, cTj, cTpoky r'TjMmoayns
nepemexeHus,
roect/=/'div NTp
rTi=imod NTi]
- BbIXOZHYIO siueiiky vTjc ungekcomyans 0 <j< (Alcells «NT) cuntbiBatoT U3 cTpoku rTj, ctonbey cP
rae My =ydiv A/Tc,
c¢Tj=j mod NTc.
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5.12 Tpe6oBaHuA k o6wen cxeme OFDM-moaynauumn

Mocne 6nokoB NnepemexeHUa L poBbIe MOTOKU Normyeckux kaHanos AaHHbIX KOC, HCK u HKA nocTty-
natoT Ha bnok oTobpaxeHus gaHHbIX Ha Hecywe OFDM (cm. pucyHok 1). ObLiee yncno n pacnpeaeneHue
HecyLmX Ans pasnuyHbIX Nonoc pagnokaHana npuseaeHo B Tabnuue 13.

Tab6nwuuya 13 — PacnpegeneHne HeCywmx Npu pasnuyHbIX Nornocax paguokaHana

n O6uwee vwucno Uncno HecylLmx
0110¢a paano- | yacyiux OFDM
kaHana Af, kl'uy K
total MUNoTHBIX nnc KOC HCK HKA
196 — —
15 170 - 26
100 215 (8 paccesiHHbIX,
7 NOBTOPSIOLLMXCS) 164 32 —
138 32 26
400 — —
35 374 — 26
200 439 (22 paccesiHHbIX, 4
13 noBTOpSIOLLMXCS) 368 32 —
342 32 26
504 — —
45 478 — 26
250 553 (28 paccesiHHbIX,
17 NOBTOPSIIOLMXCST) 472 32 —
446 32 26

Mpwn OFDM-moaynsiuum npoBogsT pasdreHne L poBbIX MOTOKOB NIOMMUYECKMX KaHanoB AaHHbIX Ha 6510-
kv anuHon L = 41 cumMBON KOMNEKCHON MOZYNALUN Z,, Npudem KaXOblid Tako CUMBON UMeEeT ANUHY Mysop
6uToB (cMm. Tabnuuy 8). lanee B cooTBETCTBUN C KOAOM [pes ocylwecTBNsoT oTobpaxeHne Z,Ha nHcopma-
UMoHHble Hecywme OFDM-cumBona B COOTBETCTBMM C BblIOpaHHbIM BapuvaHTOM MOAYNALWM  Hecy-
wmx — BPSK, QPSK, 16-QAM unun 64-QAM. Juarpammbl oTobpaxeHus koga Mpea gna QPSK, 16-QAM u
64-QAM BapuaHTOB MOAYNSLMU HeCYLUMX NpeAcTaBeHbl Ha PUCYHKe 6.

Mocne oTobpaxeHnst 4aHHbIX TOTMYECKNX KAHAMOB Ha MHpOpMaLMOHHbIE HEeCYLLMe OCYLLEeCTBMAAIOT Yac-
TOTHOE NMepemMexeHune, KOTopoe AenaeT pacnpedeneHne Norndecknx KaHanos rno HecyLwmnm ncesgocnyyai-
HbIM, YTO MO3BOMSAET NOBLICUTb YCTOWYMBOCTb CUCTEMbI Mepedayn AaHHbIX K CeNEKTUBHLIM 3aMUPaHNAM.

Momumo nHpopmaLMoHHbIX Hecywwnx B coctas OF DM-cumBona BBOAAT Takke NUOTHbIE HecyLune u
Hecywme MNIMC. MNunoTHbIe HecyLuMe NepefatoT Ha NOBbILUEHHOM YPOBHE MOLLHOCTU. a3kl MMMOTHBIX HECYLUMX
3aaloT B COOTBETCTBUM C OMOPHON NceBaoCnyYanHoW ABOMYHONM NocneaoBaTenbHOCTbo paBHbIMK 0° nnbo
180°.

MunoTHbIE HecyLlwme BBOAAT B cocTaB OFDM-cuMBona ¢ Lesbio obecrneyeHns Ha NpuH1MatoLLein cTopo-
He BO3MOXHOCTW CUHXPOHU3aLIMN CUTHaMa 1 OLEeHKU XapakTepUCTUK kaHana nepegayu. MNMunoTHele HecyLme
cocTaBnsAoT okoso 9 % obLiero ymcna Hecylumx (cMm. Tabnuuy 13).

Hecywme MIMC BBOAAT ¢ Lenbio HenocpeAcTBEHHOM nepefayn nHgopMaLMm O KoYeBbIX NapaMeTpax
nepeaaBaemoro curHana (Hanuuue Normiyeckux kaHanoBs AaHHbIX, ckopocTe LDPC-koaa, Tun QAM-co3Besans,
ANnHa 3alMTHOro nHTepBana u np.). B kaxxgom cumeone OFDM nepegatoT yeTbipe Hecywux IMIMC.

OFDM-cumBorn, nonyyeHHbI nocne BBeAeHNsi TUMOTHBIX HecyLwmx u Hecywux MMNC, nogsepratoT obpat-
HoMmy npeoBpasoBaHuio Pypbe, KoTopoe Npeobpas3oBbiBAET CUMBOS U3 YACTOTHON 06NacT BO BPEMEHHYIO.
3aTteM B Ha4asno cMBOMa BBOAAT 3aLLMTHLIN UHTepBan ANUTENbHOCTLIO T 5. B 3alUMTHLIN MHTEpBan KonupyoT
nocnegHue N, .. - T/ T(, OTCHETOB NOMe3HOM YacT cumeona, rae Ny, ., — AN1HA NONe3HoM YacTh cMBona
(B oTcyeTax), T;; — ANUTENbLHOCTL NOME3HOro cMBoNa (B cekyHaax). B cucteme npeaycMoTpeH 3allUTHbIA
WHTepBan ¢ ANUTEeNbLHOCTbIO T /8.

Mony4eHHyto NocneaoBaTebHOCTb BPEMEHHBIX OTHETOB OrpaHUYMBaloT, MaclITabuUpyHOT U KBAHTYIOT B
COOTBETCTBMUM ¢ paspsagHocTbio LIAM.

Mepen obpaTHbIM NpeobpazoBaHem Pypbe MOXKET NPOBOAUTLCA onepauusi, HanpaBneHHas Ha CHUXKe-
Hue nuk-cpakTopa curHana.

19



rocCT P 54309—2011

Mpu Ucnonb3oBaHWK pasHeCceHHOM Nepeaayn nepes BBeAeHeM 3aluTHOTo UHTepBana 610K BHeCeH s
[
3aaepxk1 GopMUpyeT HECKOMNBKO CUrHANOB ¢ HEOBGXOAMMBIMU BPEMEHHBIMU 3aAePKKaMU.

5.13 Tpe6oBaHua k kKagpoBou cTpyktype OFDM

Mepenasaemblvi curHan AomkeH 66ITb OpraHU3oBaH B BUAe nocnegoBaTensHoCcT kaapos. Kagp umeet
anutensHocTb Teu coctout us L = 41 OFDM-cumeonos. OFDM-cumBon uMmeeT ANUTENbHOCTL Tg U COCTOUT U3
3aLMTHOIO UHTEpBana ANUTENbHOCTLIO T U MOMEe3HON YacTn AnutenbHocToio T, (Tg = Ty, + Tg). 3alMTHLIA
MHTepBan ABAAETCA LMKNUYECKUM NpeduUKcoM nonesHonvactu Ty, ero AnutensHoCTb — T,,/8.

OFDM-cumBonbl cogepxat nonesHyto MHopmaumio (0 AaHHBIX) 1 ONMOPHY0 MHopMaLnIo (MUNOTHBIE U
MMNC-Hecywue). Cumsonel B kagpe OFDM npoHymeposaHbi ot 0 fo 40.

Knrouesble napameTpbl 6noka OF DM-mMoaynsiuMm cucTeMbl NpuBeaeHsl B Tabnuue 14.

Tab6nunuya 14 — Kniovesble napameTpbl mogynsiumm OFDM cuctemsl PABUC

MNapameTtp 3HaueHue
Monoca pagnokaHana Af, kl'y 100 200 250
Yncno Hecywwmx K, . 215 439 553
AnutensHocTb nonesHoi Yactm cumeona 7, MKC 2250
Paccrosnune mexay cocegHumm Hecywmmm /7, Ty 4000 =444‘—1

9 9

Pacctoanne wmexgy KpavHUMKM  HeCywumum  criekTpa
(Kiptar— 1Ty kMU (NpMepHOE 3HaYeHNe) 95,1 194,7 2453
ArnutensHOCTb 3awmMTHOrO MHTepeana T g, MKC 281,25
OnutensHocTb cumeona Tg= T+ T, MKC 2531,25

MaTemaTmnyeckas Mogenb curHana S(t) OMNCbIBaETCH BblpaXeHNeM:

L-1 Kpax M

_ jonfut o
s(t)=Re<e/™ct 3 ¥ ZCm,I,k"Vm,I,k(f) ’
m=0 /=0 k=Kinin

jon KT -1Ts-LmTs)
Ty LI+ L-m)Tg<t<(I+L-m+1)Tg;
Q nHave,

rae v, 1k (f) = qe

QX
5

3x
3 =
X

— HWXKHUI Npeaen nHaekca Hecylei, Ky, = 0;

— BepxHuii Nnpeaen uHaekca Hecyle, K ay = Kiptar — 1

— yucno cumsonos OFDM B kagpe, L = 41;

— MHAEeKC HecyLwen;

— VHAEKC HecyLle OTHOCUTENbHO LigHTpanbHoN YacToThl, k' = k — (Kyax + Kinin)/2;

— nHgekc cumeona OFDM B kagpe;

— MHAEeKC NnepeaaBaeMoro kagpa;

— LieHTpanbHasg YyacToTa crekTpa curHana,;

mik — KOMMMEKCHBIN K03 ULMEHT, MOAYMPYOLWMIA k-10 HecyLuyo /-ro cumaona B m-m kagpe OFDM.

C uenblo HOPMNPOBAHUSA BLIXOAHOIO YPOBHS CUrHana B cucTeme npeflycMoTpeHbl koadduuneHTel Hop-
Manusauum Benn4mnH Cm, Ik MpumeHeHue aTux ko3P dULNEHTOB HOPMUPYET K eANHULE CYMMAapHYH MOLL-
HOCTb MOAYMALMOHHOrO andasuTa MHPOPMaLMOHHBIX HeCcylWwnxX curHana (CM. pucyHok 6). B Tabnuue 11
npeacTaeneHbl 3Ha4YeHNSA 3TUX KO3 PULMEHTOR AN BCeX PEXXNUMOB MOOY SN,

3 Txxr

Qo™

5.14 Tpe6GoBaHUA K YaCTOTHOMY NepeMeXeHUIo

YacToTHOE nepeMexeHue, KOTopoe BhINONHAT nocne oTobpaxeHnsa AaHHBIX NOrMYecKUX KaHanos Ha
WHbOPMaLIMOHHBbIE HecyLUMe, AenaeT pacnpeaeneHne normyecknx kaHanos Mo HecyLMM NceBaoCcnyYaiHbIM.
Takoe pacnpegeneHne No3BOMseT NOBLICUTL YCTOMUYNBOCTb HU3KOCKOPOCTHLIX KaHanoB AaHHbIX HCK n HK
K CeNeKTUBHbLIM 3aMUpaHnsim,
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MoaynupoBaHHble S4enki AaHHbIX kaHanos HCK u HK oToGpaxaroT ncesaocnyyaiiHbiM o6pasoM Ha
nHpopmaLmnoHHbIe Hecywmne OFDM ¢ nHagekcamm k' == 1, ... £ 106 OTHOCUTENLHO LieHTPanbHON Hecyllen
pagunokaHana.

WHaeKkckl MHOPMaLMOHHBIX HECYLLMX, Ha KOTOpbIX NepedatoT daHHble kananos HCK u HKI ana scex
cumBonoB B kagpe OFDM 1 ans Bcex BapnaHTOB NpUcyTCTBNS AaHHbIX kaHanos HCK v HK[, npeacTasneHsbl B

Tabnuue 15. MHaeke cumBona cneayet 6paTtb no mogynto 7, 7.e. /' =Imod 7.

Ta6nwuuya 15— UHgekcbl nHopmaunoHHbIX Hecywmx kaHanos HKQ n HCK

MHpekc cumBona
OFDM /'=1Imod 7

NHAaeKkebl tHDOPMALIMOHHBIX Hecywux kaHanos HKA n HCK oTHocUTenbHO LeHTpanbHol Hecylllen paauokaHana

k'

HKL,

HCK npu otcyrereuu HKL

HCK npu Hannuun HKQ

-103,-101,-98,-92,-78, 67,
-64, 43, =24, -23, -21, -16,
-13, 11, 13, 29, 32, 36, 39, 67,
71,74, 76, 96, 101, 102

-105, -87, -86, —82, =78, —77,
-66, —52, —48, 42, 41, =31,
-29, -26, -9, -2, -1, 1,7, 24,
33, 34, 44, 59, 68, 69, 71, 79,
82, 87, 96, 104

-106, -99, -96, -79, -77, -52,
—49,-34,-28,-22,-18,-9, -6,
—4,1,8,9,12, 18, 19, 41, 42,
43, 44, 47, 56, 63, 66, 72, 79,
92, 104

-99, 94, -93, -84, -78, -77,
-69, —58, -57, -56, -36, -29,
-26, 11, 14, 18, 29, 31, 32, 41,
59, 82, 86, 93, 96, 97

-106, -84, —-79, —64, -59, —56,
-21,-13,-11,-8,-3,2,3,4,9,
18, 29, 33, 38, 46, 47, 49, 56,
63, 67, 68, 83, 84, 89, 94, 96, 99

-104, —97, 96, -88, -79, —68,
-66, —62, 59, -54, -53, 51,
-18, -12, -7, -6, -1, 2, 9, 13,
17, 19, 24, 28, 33, 36, 39, 58,
62,79, 92, 104

-105, 97, -92, —78, -74, —64,
-53, 43, -31, -28, 4, -3, -2,
19, 24, 38, 43, 49, 53, 59, 67,
68, 84, 92, 94, 99

-99, -79, -78, —66, -58, -53,
—46, -39, -28, -21, —14, -13,
-8,-6,4,-1,3, 6, 17, 21, 24,
26, 31, 32, 36, 42, 49, 74, 84,
87,92, 98

-106, -94, —76, —72, —69, —68,
—62, -59, —49, —42, —21, —14,
-12,1, 3, 6, 14, 22, 23, 26, 29
32, 47, 52, 64, 66, 69, 74, 76
83, 86, 88

-101, -82, -76, —64, —58, —49,
-46,-41,-32,-24,-13,4, 31,
43, 52, 56, 57, 59, 68, 69, 72,
89, 91, 92, 96, 105

-101, -94, —86, —69, —67, 62,
-59, -53, -52, =51, 46, —33,
-32, -14, 13, —11, 14, 16, 18,
22, 24, 26, 34, 36, 54, 56, 61,
63, 67, 71, 89, 104

-106,-103,-97, -86, -83, 74,
-71, -61, -57, —44, -36, -31,
-26,-8,-7,1,4,9, 11, 12, 24,
36, 38, 44, 49, 54, 64, 67, 79,
88, 94, 103

-89, -86, -76, —71, —67, 56,
—44, 43, 42, -22, 13, 11,
-6, 4,14, 16, 19, 26, 32, 36, 43,
44,78, 93, 96, 105

-104,-103,-98, -93, -83, =76,
—74, -72, —69, —63, -59, —43,
—41, -33, -11, -8, -7, 13, 19,
32, 33, 36, 48, 49, 54, 62, 63,
76, 78, 88, 89, 92

-104,-102, -93,-91, 88,87,
-78, =77, -63, —62, -51, —49,
48, 24, 1, 6, 13, 21, 24, 28,
34, 41, 47, 48, 58, 76, 82, 84,
86, 97, 99, 104

-89, -87, —69, —64, -52, —13,
-7,-4,-1, 3, 8,11, 14, 24, 26,
31, 41, 53, 72, 77, 78, 84, 86,
99, 101, 105

-105, —-98, —94, -86, -78, -77,
—71, -64, —63, -59, 51, —44,
—41, =34, -23, -16, 14, -1, 7,
14, 33, 34, 41, 47, 53, 59, 77,
78, 87,97, 101, 103

~105, —93, -91, -84, —83, 76,
_51,-48,-46, 38, -22, -18, 2,
6,9, 17, 19, 22, 28, 36, 39, 43,
44, 51, 52, 57, 58, 68, 69, 74
91,94

-92, -88, -84, -56, —51, 48,
-42,-32,-31,-21,-18,-7,-6,
—4,9,11,32, 44,52, 54, 57, 82,
83, 86, 88, 101

—91, -84, —68, —54, —46, 36,
-34, -31, -29, -24, —18, —14,
—4, -3, 11, 12, 14, 21, 34, 42,
47, 48, 56, 58, 62, 77, 79, 88,
89, 91, 99, 103

-103, —98, —97, -87, -83, -82,
—-74, —69, 66, —54, 36, —26,
-23,-14,-12, 11, -9, 14, 18,
24, 26, 29, 33, 34, 39, 43, 59,
66, 69, 94, 102, 103

Mocne oTo6paxeHua AaHHbIX kKaHanos HCK n HKA moaynuposaHHble auelikn gaHHbIX kaHana KOC oto-
6pakatoT Ha UHGopMaLMOHHbIE Hecyllne c uHaekcaMn k = K + Ko — 1 N0CNE00BaTENBHO, 38 UCKITIOYEHU-
eM UHOPMAaLIMOHHBIX HECYLLIUX, YXKe 3aHATbIX kaHanamu HCK n HKA.

5.15 Tpe6oBaHUA K MUNOTHLIM HECYLLIUM

HasHauyeHne NUNOTHLIX HeCyLUMX — nepegaydya AonoSIHUTENbHOW (ONOpHOI) HdopMaLMK, ¢ MOMOLLbIO
KOTOPOW Ha NPUEMHO CTOPOHE OCYLLECTBSAIOT CUHXPOHU3ALMIO, a Take OLeHUBAIOT XapakTepuCT UKW kaHana
nepeaayun. NMUNoTHbIE HECYLLME NepeaatoT Ha NOBLILLEHHOM YPOBHE MOLLHOCTU. MUNOTHbIE HECYLWNE AENAT Ha
pBa Tuna: 1) nosTopsiowmecs n 2) paccesiHHble. [onoxxeHne NoBTOPAOLWMNXCH NMUIIOTHBIX HECYLWNX B CNEKTpe
CUrHamna He 3aBMCWT OT HOMepa CUMBONa B Kagpe, a NonoXeHue paccesHHbIX — 3aBucuUT. Pasbl MUNOTHLIX
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Hecywmx MOryT NnpMHUMaTh 3HadyeHust 0° unmn 180° B COOTBETCTBUN C ONMOPHOM NnocregoBaTenbHOCTb0. Moww-
HOCTb NUAOTHBIX HECYLLMX cocTaBnseT 16/9, B TO BpeMs Kak CpeAHAA MOLLHOCTb UH(POPMaLMOHH bIX HECYLLIUX U
Hecywmx MNMC B cooTBETCTBUMU € KO3PDULIMEHTOM HOPMUPOBaHUSA pasHa 1.

5.15.1 OnpegeneHue onopHOM NocnefoBaTeNbLHOCTU

OnopHas nocnegoBatensHocTb W sisnsetcs NMCAMN ¢ nopoxaatowmm nonusomom x'1 + x2 + 1. Cxema
reHepaTopa, peanusyioLero AaHHbIA NoIMHOM, NMPpUBEAEHa Ha pUcyHke 8.

WHuumanuaupyiowas nocneaoBaTenbHOCTb

1 1 1 1 1 1 1 1 1 1 1
3agepxxa Sagepxxa Sapepxxa Sapepxxa 3apepixa 3apepxxa 3apepxxa 3apepxxa Sagepiaa 3agepxka Sapepxxa
wal6ur || wat6ur [ ] vatour || va16ur || va16ur [ | va16ur | | va16ur | ] na16ur [ | nat6ur ||| wa16ur [ ]| na1owr

/’—I/
N
\
XOR

Hauano nocnegosarensHoctu MNCAM 1111111111100...

PucyHok 8 — Cxema reHepaTopa OnopHON NocneaoBaTenbsHoCTU

®asbl MUITOTHBIX HeCyLLKX, a Takke dasbl MNMNC-Hecywnx onpeaensioT Ha OCHOBE 3HAYEHN Wy, reHepu-
pyembix aaHHon NCANN. 3HauveHue 0 cooTBeTCTBYET chase 0°, 3HaueHue 1 cooTBeTCTBYET chase 180°.

Mpu MHUUManNU3aUMKM reHepaTopa ONOPHOW NOCNeaoBaTeNIbHOCTU BCe PErncTpbl BbICTABAAKT B «1»
(cM. pucyHok 8). Kaskaow k-i1 Hecyluein cuMBona cTaBuTcA B COOTBETCTBUE BUT W, UHuUManusauuio ocyule-
CTBNAOT B Ha4yane kaxaoro cumeona OFDM.

5.15.2 PacnonoxeHue PacCeAHHbIX TUNOTHbLIX HeCyWUX
MHaekcbl paccestHHbIX MUNOTHBIX Hecywux onpeneneHobl B Tabnuvue 16.

M pnmMmeyaHune — Ecnu coBmectntb UeHTpanbHble HeCywune Npu pasnuyHbIX nonocax pagnokaHana, To nnnoT-
Hbl€ HECYLLIME bonee Y3KOro paguokaHana oka)yTcsanogMmHOXeCTBOM NUNOTHbIX HECYLWUNX Gonee LWNMPOKOro pagnokaHana.

PaccesiHHble TUNOTHbIE HEeCYLLME YCUITMBAIOT MO MOLLHOCTU M UX (hasbl 324a10T B COOTBETCTBUMU C ONOp-
HOW nocrneaoBaTensHOCTLIO W No hopmyne

4 1
Re{Cp, | 1} = 3 2 (5 — W),
Im{Cp, ; it =0,

2)
rae m — UHaekc kaapa;
| — WHAeKE cumBona B Kaape;

k — WHOeKC HecyLlel B cuMBone.

Tabnwnuya 16 — VHOeKCbl paccesiHHbIX MUIOTHBIX HECYLLMX

Monoca pa- | Urneke HeH- Hucno pacces- Hpeke cumsona HaeKchl pacCeaHHbIX MUNOTHBIX HECYLLIUX OTHOCUTENLHO
AvokaHana TpansHoit HbIX MUIOTHBIX I =1 mod 5 oHTOANHOM HOGYLLGT k
Af, kL Hecylen HEeCYLUX =4 mo HEHTP yueu
0 -85, —60, —-35, —10, 15, 40, 65, 90
1 -80, -55, -30, -5, 20, 45, 70, 95
100 107 8 2 -100, -75, =50, -25, 25, 50, 75, 100
3 =95, 70, —45, -20, 5, 30, 55, 80
4 -90, —65, —40, —15, 10, 35, 60, 85
-213, -199, -185, =171, =157, —143, —129, -85, —60,
0 =35, -10, 15, 40, 65, 90, 113, 127, 141, 155, 169, 183,
200 219 22 197
1 -209, -195, -181, -167, —153, -139, 125, -80, =55,
-30,-5, 20,45,70,95,117,131,145,159, 173, 187, 201
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OkonyvaHue mabnuysi 16

Monoca pa- | WUnpexc uen- |Yucno paccesH-

" NHaekc cumsona VHAeKChbl paccesiHHbIX MUMOTHLIX HECYLLIMX OTHOCUTENBHO
AnoKaHana TpaJ'IbHOVl HbIX MUIOTHbLIX
. I'=1Imod5 LLleHTpanbHON HecyLleln k '
Af, K[y HecyLen HecyLmux
—205, —191, —177, —163, =149, —135, 121, —100, 75,
2 50, —25, 25, 50, 75, 100, 121, 135, 149, 163, 177, 191,
205
—201, —187, —173, —159, 145, —131, —117, —95, 70,
200 219 22 3 —45,220, 5, 30, 55, 80, 125, 139, 153, 167, 181, 195, 209
-197, —183, —169, —155, =141, —127, —113, —90, —65,
4 —40, —15, 10, 35, 60, 85, 129, 143, 157, 171, 185, 199,
213
—269, —255, —241, —213, =199, —185, —171, —157, —143,
0 ~129, -85, 60, —35, —10, 15, 40, 65, 90, 113, 127, 141,

155, 169, 183, 197, 225, 239, 253

—265, —251, 237, -209, -195, -181, —167, —153, -139,
1 -125, -80, 55, -30, -5, 20, 45, 70, 95, 117, 131, 145,
159, 173, 187, 201, 229, 243, 257

—261, —247, -233, -205, -191, -177, —163, —149, —-135,
250 276 28 2 -121, -100, -75, -50, -25, 25, 50, 75, 100, 121, 135, 149,
163, 177, 191, 205, 233, 247, 261
—257, —243, —229, -201, -187, -173, —159, —145, -131,
3 -117, -95, —70, —45, -20, 5, 30, 55, 80, 125, 139, 153,
167, 181, 195, 209, 237, 251, 265
—253, —239, —225, -197, 183, —169, —155, —141, -127,
4 -113, 90, —65, 40, -15, 10, 35, 60, 85, 129, 143, 157,
171, 185, 199, 213, 241, 255, 269

5.15.3 PacnonoxeHue NOBTOPSAIOLUXCA NUAOTHLIX HeCYLLUX
NHAaekcbl NOBTOPSIHOLLMXCS NAMOTHBIX HECYLLMX onpeaeneHsl B Tabnuue 17.

MpumedaHue— EcnvcoBMeCcTUTb LleHTparbHble Hecywue Npy pasnuyHbIX Morocax paguokaHana, To nunot-
Hble Hecywye Gonee y3Koro paanokaHana oKaxyTcsl TOAMHOXECTBOM NUMOTHBIX HECYLLMX GONee WPOKOro paauoKaHana.

Tabnwuuya 17 — VHAEKCH NOBTOPSIOLLMXCS MUMOTHBLIX HECYLLMX

Monoca paguoka- | MHOEKC LeHTPanbHoOM | Yucno noBTOPAIOLLUXCA NHOEKChb NOBTOPAIOLLUXCH MUMOTHBIX HECYLLIMX
Hana Af, k' HecyLLen MUNOTHBIX HECYLLINX OTHOCUTENBHO LEHTPanbHON HecyLlen K '
100 107 7 0; £37;£73; £ 107
200 219 13 0; £ 37; £ 73; £ 107; £ 147; £ 184; £ 219
250 276 17 0; £ 37; £ 73; £ 107; £ 147; £ 184; + 219; + 255; + 276

Bce nosTopsaoLWNECs NUIMOTHbIE HeCYLLME MOAYITMPYIOT COrnacHo ONopHOM NocneaoBaTebHOCTH.
MoBTOpsOWMNECH NMNOTHBIE HECYLLNE YCUUBAIOT MO MOLLHOCTU U UX basbl 3a4atloT B COOTBETCTBUM C
OMnopHoi nocnegosatenbHocTbio W) no chopmyne
_4 1
Re{Cr 1 =32 —wp.
Im{Cp, ; =0

3)

5.16 Tpe6oBaHuA k Hecywum IMMNC

Hecywue MNMNC npeaHasHayeHbl ANg nepeaayn napaMmeTpoB curHarna, CBsI3aHHbIX ¢ peXkMMOM nepegayu,
napameTpamMu KaHansHoro KoaNpoBaHUs kaHana u Mogynsauuu.

UHdbopmauuio MNMNC nepenatoT napannenbHO Ha YeTbipex Hecylmx. Kaxaas Hecywas MMNC B ogHoM u
TOM e CUMBONE nepefaeT o4uH U TOT e AnuddepeHLmansHo KOAMPOBaHHbIN MHPOPMaLIMOHHBLIA BUT. MHaeK-
Cbl 3TUX HECYLLMX OTHOCUTENBbHO LieHTparibHOW HecyLUen paauokaHana k’ pasHbl = 27 U+ 81 ans scex Bapnax-
TOB LUMPUHBI NOSIOCHI padnokaHana.

23



rocCT P 54309—2011

Hecywuue MNIC obecneunsaioT nepeaady cneaytoeid MHopmaumu:

- TMNa moaynaunoHHoro cossesaust KOC;

- CKOpPOCTU KaHarkHoro kogmposaHust KOC;

- yncna kagpoB BpeMeHHOro nepemexenna KOC;

- HoMepa Kagpa BpeMeHHOro nepemexenna KOC.

WHuumnanusauuio casel MMNC-Hecywmnx ocywectensT 4ns kaxaoro kagpa OFDM. A na nHuuuanusauum
¢hasbl MMNC-HecyLMX NepBOro cUMBOIa Kagpa UCMoNb3YoT OMOPHYHO NocreAoBaTeNbHOCTb W,

Bnok aaHHbIX MNIMNC cooTBeTCTBYET 0gHOMY Kaapy OF DM 1 cogepxut 41 6uT, koTopble onpeAeneHsbl crie-
ayroLnm obpasom:

27 NHopMaLMOHHbIX BUTOB;

14 N36BITOYHBIX BUTOB AN 3aLUMTHI OT OLLMBOK.

5.16.1 ®opmart nepepgauun NMNC-uncdopmanmn

WHdpopmauuto MMNC crneayeT nepeaasath B COOTBETCTBUM ¢ Tabnuuein 18. MNepBbiM NepeaaloT 6uT s;.
MepBble Tpy 6UTa 3a4al0T HOMEP BEPCUMN U AOMKHBI ObITb YcTaHoBMEeHbI B 0. [py M3aMeHEeHUM BEPCUU BO3MOXHO
N3MeHeHWe 3HauYeHNiA ocTanbHbIX nonen nHdopmammn MNMC.

Tun moaynsuuoHHoro cossesgusa KOC nepegatoT AByMsi Buutamm B COOTBETCTBUU C Tabnuuei 19.

CkopocTb kaHanbHoro koga KOC koaupytoT Tpems 6utamm B COOTBETCTBMM ¢ Tabnnuen 20.

Yucno kagpoe BpeMeHHOro nepemexxerHns KOC Ny nepegatoT Tpems 6utami Sg, Sg, S1g (3HadeHus 000,
111 3apesepBupoBaHbl). IHAeKe TekyLero kaapa nepeMekeHrs Takke nepeaatoT TpeMs 6utammn s, 4, Sqo, Sq3-
NHoekc meHsieTca B AnanasoHe ot 0 4o Ny — 1 (sHaveHus 110, 111 sapasepBupoBaHhl).

BUTbI 814, S15 YKasblBaOT HanMure (3HadveHune 1) unm oTcyTcTBUE (3HaYeHWe 0) B kagpe OFDM aaHHbIX
norunyeckux kaHanos HCK n HKL, cooTBeTCTBEHHO.

Tabnwuua 18 — VMHdopmaums MNIMNC

Homep Buta dopmar Llens/copepxanue
Sps S5 S 000 Bepcusn
83, Sy Cwm. Tabnumuy 19 Tun QAM-cosseagua KOC
S5, Sg» S7 Cm. Tabnuuy 20 CkopocTb koga KOC
Sg, Sg S19 IBonuHoe 3naqenne; 000, 111 — 3apesepBu- | Yucrio KagpoB BPEMEHHOMO NepeMexeHust
pOBaHbl KOC
S14+ S120 Sq3 BonuHoe 3HavueHune; 110, 111 — 3apesepBu- | UHgekc kagpa BPEMEHHOrO nepemMexeHusi
poBaHbI KOC
S1a ®nar npucytcTeua aaHHbix HCK Hanuune panHeix HCK
Si5 ®nar npucytcTeua gaHHbix HKA Hanuuve ganHbix HKO
S160 S17 Cm. Tabnuuy 21 LWnpuHa nonocel paguokaHana
$18—S26 YcraHoeneHs! B 0 3apesepBupoBaHo
v am T Kop BYX 3awwuTa ot owmbok

Tab6nwuua 19— KoauposaHve Tuna QAM-co3eesgua KOC

Butbl s, s, Tun co3se3gus
00 QPSK
01 16-QAM
10 64-QAM
11 3apesepBupoBaHO
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Ta6nwuuya 20— Koguposanue ckopocTu koga KOC
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BuThl S, S, S7 CkopocTb koaa
000 1/2
001 2/3
010 3/4

011—111 3apesepBupoBaHoO
Tabnwuuya 21— KoampoBaHve WUpKHbLI NONOCHI paguokaHana

Buthl 846, 847 LUnpuHa nonocsl paamokaHana, ki
00 3ape3epBUpOBaHO
01 100
10 200
11 250

5.16.2 MNMomexoycTonunBoe kogupoBaHue nHcgopmauum MNMcC

K27 6utam s;—s,g Ao6aBnsioT 14 npoBepoyHbIX GUTOB CokpalleHHoro koaa BYX (41, 27, t = 2), Bblumc-
ITeHHOTO U3 UCXOAHOro cucTemartuyeckoro koga bUX (127, 113, t = 2).

MopoxaaroLmii nonuHom atorokoga: g(x) = x4 + x@ + x8 + X0+ xS+ x4 + x2 + x + 1.

5.16.3 Mopgynsauusn MNMNC-Hecywux

Hecywume MNMMNC nepeaatoT ¢ ypoBHEM MOLUHOCTU, paBHbIM 1.

Hecywue MNIMC nepeaatoT ¢ pasHocTHO-(hasoson moaynaumeit (DBPSK) ¢ uHuunanusaumeit B Havane
Kaxkgoro kagpa OFDM.

PasHocTHo-basosyto moaynsaumio MMNC-Hecyleit c Homepom k cumsona /(!> 0) B kaape m ocyLLecTBNs-
tOT B COOTBETCTBUM C MPaBUNIOM:

-ecnns;=0,ToRe{C, ; ,} =Re{Cp, ;_¢ #ulm{C, ; ,}=0;

-ecnus;= 1,70 Re{Cm L= —Re{Cm 1-1, KW Im{Cm 1t=0,

rae s; — TeKyWnin KoaupyeMblid But.

Haqaanyro casy Hecywux MNINC B nepsom cMMBOIE Kaapa onpeaernsioT Ha OCHOBE ONOPHOM NocneaoBa-
TenbHOCTU W), o popmyne

1
Re{Crm, 0,1t =2 (; — Wy,
Im{Cm’ 0, o =0.

(4)

5.17 OnpepeneHue CKOPOCTU NOME3HOIo MH(OPMALMOHHOIO NOTOKa
CxopocTb nonesHoro 6UTOBOro NOTOKA PasfMYHLIX NIOrMYecknX kaHanos AaHHbIX R; (KOC, HCK, HKA)
onpeaensioT no opmyne

R. = Kinf MmopRFecRoF (5)
' Ty(1+T5/My)

rae Ki,gi — 41cno MHOopMaLIMOHHBIX HECYLLIUX NMOrM4Yeckoro kaHana f;
Nmop — 4NCIo 6uTos MHopmMaLmn, nepeaaBaeMbiX Ha OQHON HecyLuen (cMm. Tabnuuy 8);
Reec = Kpeh/ Nigpe — CKOPOCTb NOMEXOYCTOMYMBOTO KOAMPOBaHMS, paBHas OTHOWEHUo Yucna 6uTos B K/ k
yncny 6utos B MKA (cMm. Tabnuuy 6);
Rpr — nons noneaHow nHcbopmavu 8 K/, paBHas OTHOLWEHMIO YACAa BUTOB NONb30BaTENbCKUX AaHHBIX K
obwemy pasmepy KI;

Ty — AnNuTeNbHOCTL NONE3HOW YacT CUMBONA;

T — ONMTENbHOCTb 3aLUTHOIC UHTepBana.

MpubnusutenbHble 3HaYEHUsi CKOPOCTU NonesHoro butosoro notoka B kaHane KOC B cnyyae oTcyTcTBUS
HCK v HKJ npuBeaeHsl B Tabnuue 1.
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MpunoxeHne A
(cnpaBo4Hoe)

Paguo4yacToTHble XapakKTepUcTuKmn cCUCcTemMbl

Cuctema PABUC npegHasHaveHa gnsi MCnonb3oBaHus B gnanasoHax vactoTt 65,8—74,0n 87,5—108,0 MIu.

OFDM-MoAynMpoBaHHbIN curHan ¢ GOMbLWNM HUCIOM HECYLLMX UMEET NOYTU HOPManbHOE pacrpefernenne, YTo
NoATBEPXKAAETCH IKCNEPUMEHTAalbHbIMW UCCINefoBaHUsAMM (CM. pucyHok A.1). CpegHee OTKITOHEHUE OLEHKU NITOTHOCTU
pacnpegenernns OFDM-moaynvpoBaHHOro curHana oT MioTHOCTU HOpMarbHOro pacnpeaeneHus ¢ napamerpamu (0, 1)
coctaensiet 1,5 - 10710, a MakcumanbHoe OTKNOHeHNe — He npeBbiwaeT 1074,

MnoTHOCTL pacnpeaeneHns
BEPOSITHOCTU

0.03

0,02

0,01

T | T | T | T | T | T | T | T | T | T | T | T
5 4 3 2 A1 0 1 2 3 4 5
YposeHb curHana/CKO

PucyHok A.1 — lNnoTHocTk pacnpeaeneHus BeposTHOCTU curHana OFDM

A1 3dbexT Qonnepa

OdhbexT lonnepa Bei3bIBaeT YACTOTHBIV CABUTN HECYLLMX CUTHANa Npv ABMXEHWW NPUEMHMKA OTHOCUTENBHO nepe-
Jaryvka.

A%
Cpeur yacTot coctaensiet Afp, =f—,
c

roe f — Hecyuwas yacTtoTa pagmocurHana;
vV — NPOEKUUS CKOPOCTU ABVKEHUA NPUEMHMKE OTHOCUTENBHO NepeaaTymKka Ha NPSAMYI0, COeANHSIIOLLYI0 MPUEMHUK 1
aHTEeHHY NepeaaT4uka;
C — CKOpPOCTb CBeTa.
PaccTosiHne mexay cocegHnmu Hecylwimmm B cucteme PABUNC coctasnsieT npubnuantensHo 0,44 kIMy. Mpw ckopoc-
Th aBmxeHusinpuemHuka v = 200 km/4 4oNNNepoBCKUN CABWI HacTOT He NpeBbiwaeT 5 % paccTosHusa Mexay AByMsi coceq-
HUMM HEeCYLWMMK B gnanasoHe yactot go 108 MIu.
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Mpunoxenne b
(cnpaBouHoe)

MoaenupoBaHue pa60Tbl CUCTEeMbI

MogenuposaHue nponssoauTensHOCcTN cuctemol PABVC BbiNONHEHO € AByMS1 MOAENSIMU MHOTONY|Y€BOro pacnpoc-
TpaHeHus B KaHane nepegayu: kaHan Paiica (qns ctaumoHapHoro npuema) v kaHan Penesi (ans mobuneHoro npuema).
Mogenu kaHana COOTBETCTBYIOT MOAENSIM, ONMCAaHHLIM B [5].

B.1 Kanan Panca
B mopenu kanana Painca BeixoaHoW curian y(t) BblumcnsioT rno opmyne

N -
rox(t)+ 2 re 2™ix(t - ;) (6.1)

vt = = ,

N
J N
i=0
roe x(t) — BxogHon curHan;
ro X(t) — NpAMON (HEOTPaXeHHbIN) CUTHAT C 3aTyXaHnem;
N — uyucno axo-curnanos, N = 20;
0, — hasoBbIN CABUT, BOSHWUKAIOLLWIA MPY PACCESIHUM /-TO OTPAXKEHHOTO CUTHANA;
rj — 3aTyXaHue i-ro OTPaXeHHOro cUrHana;
T; — OTHOCUTENbHAsA 3aAepPXKKa i-ro OTPaXEHHOTO curHana.
3HaveHus napameTpoe 0, r; M T; NpueeaeHbl B Tabnuue b.1.
KoadbduumeHnt Parica K (OTHOWEHME MOLWHOCTEN MPSIMOIO CUMHANa M OTPaXEHHbIX CUMIHAMOB) BbIYMCNAIGT NO
topmyne

2 (6.2)

B.2 Kanan Penes
B mogenv kaHana Penes BeixogHow curHan y(f) Bel4ncnsioT no popmyne

i) =k ﬁr,e*/?“"x (t-r), (6.3)
i=1
1

.
(2T
i=1

3HaveHns napameTpos 0, r; n t;NpueeaeHs! B Tabnuue b.1.

rae k=

Ta6nunuya b.1 — 3HaueHus napameTpoB O, 1; U 1; ANA modenen kanana Paica n Penes

i r; T, MKC 0, pag

1 0,057 662 1,003 019 4,855 121
2 0,176 809 5,422 091 3,419 109
3 0,407 163 0,518 650 5,864 470
4 0,303 585 2,751 772 2,215 894
5 0,258 782 0,602 895 3,758 058
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OkonyaHue mabnuuei 6.1

i I T;, MKC 6, pag
6 0,061 831 1,016 585 5,430 202
7 0,150 340 0,143 556 3,952 093
8 0,051 534 0,153 832 1,093 586
9 0,185 074 3,324 866 5,775 198
10 0,400 967 1,935 570 0,154 459
11 0,295 723 0,429 948 5,928 383
12 0,350 825 3,228 872 3,053 023
13 0,262 909 0,848 831 0,628 578
14 0,225 894 0,073 883 2,128 544
15 0,170 996 0,203 952 1,099 463
16 0,149 723 0,194 207 3,462 951
17 0,240 140 0,924 450 3,664 773
18 0,116 587 1,381 320 2,833 799
19 0,221155 0,640 512 3,334 290
20 0,259 730 1,368 671 0,393 889

[MoporoBbie 3HAYeHUS OTHOLWIEHUS CUrHaN/WyM Npu ncnons3osannu moaynsauum 16-QAM u ckopoCcTy KaHaNbBHOro
kogupoBanus 3/4 ans kaHana KOC npuBeaeHsl B Tabnuue b.2.

Tabnwuuya b.2 — lNMoporoeble 3Ha4eHUS OTHOLLEHWS CUTHATN/LWYM NPY pas3nuYHbIX MOAENAX KaHana

Mopens kaHana OTHoweHue curHan/wym, ob
ABLU (apauTrBHbIA Genbii rayCCOBCKUIA LYM) 12
Kanan Pawnca + ABLUI 12,5
Kanan Penes + ABLUI 15,5
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Mpunoxexnne B
(pekomeHpyemoe)

Koppekuusa nuk-cpakropa curiana OFDM

Ins ymeHblweHns OTHOWEHUS NMUKOBOW U cpeaHel MOLHOCTeN curHana (Nuk-pakTopa) pekoMeHayeTCs MCNonb3o-
BaTb, HANPUMEpP, METOA aKTUBHOIO pacwmpeHnn cossesaus (ACE), onncaHHbili B [6]. TOT MeToA NPUMEHSIOT K aKTUBHON
vactu kaxagoro cumeona OFDM o BBeaeHWA 3almMTHOrO MHTepBana. Metoa akTMBHOTO pacluMpeHns Co3Be3aunin He gon-
XX€H NPUMEHSATBLCA K NMUMOTHBIM HECYLLMM 1 Hecywmm MMNC.

AnropuTM aKTMBHOTO paclUMpeHns CO3BE3AUIN reHepupyeT CUrHarn Bo BPEMEHHON 0611aCTh X, ¢, KOTOPbLIN 3amewa-
€T NCXOAHbIN CUTHAN BO BPEMEHHON 06NacTu x = (Xg, Xq, ..., XNy -1 ), CTEHEpUpoBaHHbI cnomoubio OB ns mHoxecTsa
3HaqeHnmn yactoTHon obnactn X = (Xg, Xy, ..., X

FFT1 )
Cxema anroputma npeacraBneHa Ha pucyHke B.1.

Moporosoe
3Ha4YeHue
vclip
X | Nepepumckpe- x' x"
OblNo Tvaauws (41) OHY OrpaHuueHmne
Lb
Xc | Npopexusa-
Bl e (41) OHY
Ycunenune G
Mpenen
paclumpeHus
L
X"
HacbiweHne <
Re Im
fa Im Xace XacE
- OBMNo®
Pacwupsiemelii U Her Re
pacluMpeHHbId U
C TeM Xe 3HaKom? Re Im

PucyHok B.1 — Cxema anroputma ACE

X" =(Xg s X{s.0., X4 Nppr -1 )IONYHAIOT U3 X C NOMOLUBIO YETbIPEXKPATHOI MHTEPMONALMM.
Couetanne OBI®, nepeanckpeTU3aLny U HU3KOYACTOTHOM (DUITLTPALMM PEAnu3ayloT C NOMOLLBLIO 3aNoNHEHMs
HYNAMW 00 YeTbIPeXKpaTHOW ANvHbI 1 nocneayowero npeotpasosanus OBMoO.
X7 ={Xg  X{y0 05 X] Neer _1) MONy4aIoT C NOMOLLLIO MPUMEHEHWS K KOMNOHEHTaM X’ onepaTtopa orpaHuYeHus.
OnepaTop orpaHuyeHns xj onpegeneH cneayowmm obpasom:;
Xk X kll < Veips (B.1)
Xj=4y, X

Viio ——, |1 %5l = Viggio-
clip ”XI’(” “ k” clip
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Mopor orpannyeHus VC,,.p sBnsieTcA napameTpom anroputma ACE.
X = (xco,xm P ) nony4ateT U3 x” ¢ NOMOLLBIO YETLIPEXKPATHOIO NMPOPEXNBAHUA.

CouveTaHne HU3KOYaCTOTHON PUNbTPaLUK, NepeanckpeTmsaumm n bINP peanusyoT ¢ NOMOLLBIO 3aNOMHEHWA HyIsi-
MW 80 YeTblpexKpaTHOW A4NUHbI M nocrneaytowero npeobpasosanus Brd.
X, nony4atot us x,, ¢ nomolsio 6o,
HoBbiih curian X nony4atoT ¢ NOMOLLbIC CyMMUpoBaHus X, n X cnegyowmm obpasom:
X=X+ G (X, —X). (B.2)
KoadhduumeHT pacwmpenus G aensietcsi napameTtpom anropmtma ACE.
X¢ nonydatoT us X ¢ NOMOLLbIO OMepaTopa HacblLLeHWs!, KOTOPbIN MO OTAENBHOCTM obpabaTsiBaeT AeNcTBUTE b-

Hbl®@ M MHUMblE KOMMNOHEHTbI, o6ecne4mnBas, YToObl MOAYIb OTAENbHbBIX KOMMOHEHTOB HE MPEeBbIWan 3a4aHHOro 3Have-
Hus L

Re{Xs ), IRefXg <L, (B.3)
Re {X¢ k} = <L, Re{X;«} 2L,

-1, Re{X:x} <-L;

Im{X5 i}, 1Im{Xg <L, (B.4)
Im {Xg k)= 1L, Im{Xs i} 2L,

-, Im{X¢x} <-L.

Mpepen pacwwmpenus L siBnsietcs napametpom anroputma ACE.

Toraa X,cg COCTaBNAKT C NOMOLLBI0 NPOCTOrO BbIGopa AefCTBUTENBHBIX U MHUMBIX KOMMOHEHTOB N3 OTHOCALLMXCAK
X, X¢:

ecnnRe {X} pacwupsemoe (B.5)
Re {Xace 1} = Re{X{x} AND|Re {X¢}|>|Re{X}|
ACE K AND Re X2 }Re{X,} >0
Re{Xk} MHave
ecnuim {X,} pacwmpsiemoe (8.6)
Im Xaep = Im{Xg} ANDIIm {XZ,}>[Im{X;}
ACE. K AND Im (X2} Im{X,¢} >0
Im{Xi} nHave

Xpcp Nonyyart n3 X, o ¢ nomouwsio ObMNo.

KoMnoHeHT onpeaensiioT kak paclumpsieMbli, €CNu OH NPUHAANEXUT K MOAYNUPOBAHHON SHMenKe AaHHbIX U eCNU ero
abconoTHOe 3HaYeHWe PaBHO MAKCUMManbHOMY 3HAYEHWIO KOMMOHEHTA, CBSA3aHHOrO C MOAYNUPYIOWUM CO3Be3auEM,
MCNomnb3yeMbiM A1 3TOW A4enkn. Hanpumep, KOMNOoHeHT, npuHaanexawmn K 16-QAM mogynmpoBaHHON a4enke, ABnseT-
CS1 pacLUMPSsIEMbIM, €CIIU €50 3HauYeHWe paBHo + 3/v/10.

Bbi6op 3HaueHus koadpdmumenTa G cnegyet npoBoauTs B npeaenax ot 0 Ao 31 c warom 1.

BbiGop nopora orpaHuyeHus Vc,,-p cnegyeTt NpoBoAWTL B AnanasoHe ot + 0 go + 12,7 aob ¢ warom 0,1 ab oTHoCHTENB-

HO 3(pHEKTUBHOIO HaNPSKEHWSI UCXOAHOTO CUrHana.
Bbi6op makcuMansHoro 3HaveHusi paclmnpenusi L cnegyeT npoBoauTe B Ananasone ot 0,7 ao 1,4 ab c warom0,1 ab.
Ecnu yctaHaBnuBaeTcsi MakcumarbHoe 3HaveHue L, To MakcumanbHOe yBenuyeHne MOWHOCTU Ha HeCyLwyto nocne

pacwmpeHnss orpaHn4yeHo 3HaveHmem + 6 ,CIB (yBeaneHMe MOLHOCTU nony4aeTca MakCuMmanbHbIM 4Nna moaynauumn
QPSK).
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Mpwnoxennel
(pekomeHayemoe)

PasHeceHHasn nepeaava

Cunctema PABUC moxeT OyHKUMOHMPOBATL B CIIOXHbLIX YCNOBUSX pacnpocTpaHeHns curHana, obecneunsas, B
YaCTHOCTU, MOBUMNBHBIV NPYEM B FOPOACKMX YCMOBUSX C NIOTHOW 3aCTPOMKOW. Y3KOMNOMOCHbIE CUrHarnbl B TAKUX YCIIOBUSIX
NoABEpPKEHbI HE TOMNBKO YaCTOTHO-CENEKTUBHbBIM, HO M aMMNUTYAHBLIM (MITOCKMM) 3aMUpaHUsIM.

B atux ycnoeusix ncnonbsyemoe B PABVC BpemeHHOe nepemexeHune ynydwaer MoOBuMbHbLIA Npuem curHana.
O dhekTUBHLIM MeTOAOM 6OpbOLI C aMNNUTYAHBIMK 3aMUPaHUSIMU IBMAETCA UCMONB30BAHUE Pa3HECEHHOTO Npuema, T. e.
HECKOMBKMX NMPUEMHbIX @aHTEHH, PacMNoNOXeHHbIX Ha onpeaeneHHoOM paccTosiHMU. Ho B HEKOTOPbLIX CNyYasx ucnonb3oBa-
HMe HeCKOMNBbKMX aHTEHH 3aTpyAHUTENBHO, HAaNpUMep, Ans HebonNbLMX NepeHOCHbIX NPUeMHNKOB. [Ins BewarenbHbIX cuc-
TEM XOpOoWeW anbTEPHATMBOW WM LOMOMHEHUEM K Pa3HECEHHOMY MNpUeMy SABIMAETCH MCNONb30BaHWE MeTOOWKW
pasHeceHHOM nepegayu.

PasHeceHHas nepegava ¢ 3aaepkon npeacraenseT cobol 4OCTaTOYHO NPOCTON U 3chdeKTUBHbIN meToa. B aTom
crny4ae KpoMe MCXOOHOro CUrHana uany4aiT elwe OAMH CurHan, NpeacTaBnAlWwuiA 3aaepKaHHyio Ha BpeMsa & KONuio
MCXOAHOr0 CMrHana, QONONMHUTENbHbIV CUTHAM M3MyYatoT ¢ APYro aHTeHHbI, NPOCTPaHCTBEHHO Pa3HECEHHOW C OCHOBHOWN.
Vcnonb3oBaHve 3TOro Metoga He TpebyeT HMKakvx AONoNHUTENbHBIX U3MEHEHUI NpUeMHMKA. 3aaepXaHHbIX KONUI cur-
Hana moxeT 6bITb Heckonbko. Cxema nepegatoLleri YacTv Npu UCNonb30BaHUK pa3He CeHHOW Nepegavymn NpeacTaBneHa Ha
pucyHke I.1.

5 Bsog 3awmTHOrO

1 uHTepeana
5 Beop 3awmTHOrO

— OBMN® k uHTepBana
5 Beoa sawurtHoro

N uHTepBsana

PucyHok .1 — Cxema pasHeceHHoW nepegaum

Heobxogumo BbiGpaTh 3Ha4eHNA 3aaepXeK 5§, Ans BCexX BETBe NanyveHns curHana. [1pn aTom Heo6xoanmo yunTbl-
BaTk, YTO:

- 3agepxka &, AomkHa 66Tk gocTaToqHo 6onbwon (6onee 10 MKC), 4TOGbI yBENNMUNTL HaCTOTHYIO M36MpaTensHOCTL
COCTaBHOrO KaHana, npegcrasnsowero cobon o6beanHeHe KaHanoB Nepegalownx aHTEHH;

- 3agepxKa 8, AOIHKHA GbITb FOPa3A0 MEHbLLE ANUTENBbHOCTM 3aWMUTHOTO MHTEpBana (To ecTb < < 300 MKc), 4To6bI He
BbI3bIBATb MEXCUMBOIBHYIO MHTEPDEPEHLNIO.
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Mpunoxexne [
(o6asaTtenbHoe)

BbluucneHne LWKNM4ecKoro U3bnLITOUHOro Koaa

Peannaauns NnpoBepky ¢ NOMOLLBI0 UMKNMYECKUX U36bITOYHbIX kogoB (CRC-kogoe) no3sonsieT BoiSIBSATH OLUMOKK
nepepaymn B npuemHuke. C atol uenbio cnoea CRC-koga AomkHbl ObiTh BKIIOYEHBbI B NepefaBaeMblie AaHHbie. CnoBa
CRC-koga onpeensitoT B COOTBETCTBUM C ONMUCAHHON B HACTOALLEM NMPUITOXEHNMU NpOLEAYPOA.

Kog CRC onpenenstoT ¢ TOMOLLLIO NONTMHOMA CTeNeHn N

G () =x"+g, - x"~1+ . +g, x2+g, - x+1
npunz=1ng, e{0,1},i=1,...,n-1.
CRC-kog MoxeT ObITb BbIMUCIEH C MOMOLLBIO CABUIOBOIO PErMCTpa, CogepKallero n siueek, rae n paBHO CcTeneHun
nonuHoma. Bnok-cxema soiqmcnenua CRC-koga npeactasnena Ha pucyhke [1.1. Auenkn obosHaqaioT kak by ... b, _ 4,
rae b, cootBeTcTByeT 1; by COOTBETCTBYET X; b, COOTBETCTBYET X2 .. b, _ 4 cooTBeTcTBYET X" ~ 1. CnsurosbIi permcTp

AOMNOIHAT CNomMoLbio BeTaeku onepatopoB XOR Ha Bxofe Tex siieek, rae COOTBETCTBYIOLME KOSHDHULMEHTHI g; MONNHO-
ma pasHbl 1.

Bxoa aaHHbIX

! ' T ¢ ' +

91 92 In2 9In-1 —><>'<)

¥

vy oo

b b b b
Mnagwmin 0 1 n2 -1 Crapwui
o6ur our

PucyHok [1.1 — Bnok-cxema Boiuncnenmnss CRC-koaa

B Havane BbiuncneHusi koga CRC-8 Bce siueiikv CABUrOBOro permcTpa MHULManu3anpyoT Hyrnsimm.

Mocne noctynneHusi nepsoro 6uta 6rnoka AaHHbIX HA BXOZ AaHHbIX (cTaplmi 6UT nocTynaeT NepebiM) TAKTOBbLIN
reHepatop obecrneunBaeT CIBUI ’MEEeK PEerncTpa Ha OAHY SIMENKY B HanpaBneHum siuelikn crapero 6uta b, _ 1. MNpustoms
NPOMEXYTOUHbIE SHEVKM MOMELLLAIOT faHHbIe Nocne cooTBeTCTBYIoWMX onepauun XOR. 3atem npoueaypy NOBTOPAIOT ANA
Kaxgoro BxogHoro 6uta gaHHbix. [Mocne noctynneHns nocnegHero 6ura (mnagwmm 6ut) 6rnoka gaHHbIX HA BXOA CABUIOBbIN
peructp 6yaet cogepxatb cnoBo CRC-koga, koTopoe BCrnea 3a 3TuMm cuutbiBaioT. [py nepegaqe gaHHbIX U cnosa
CRC-kopa crapwwii 6uT cneglyeT nepebim.

Kop CRC-8, ncnoneayemsiit B cucteme PABUC, ocHoBaH Ha criefiylowem norimHoMe:

Ggx)=x8+x7 + x84+ x4+ x2 + 1.

32



Mpoueaypa chopmupoBaHua matpuy koga LDPC

MpwvnoxeHune E
(obsaszaTenbHoe)

rOCT P 54309—2011

B HacTosweM npunoxxeHun NnpveegeHa npouegypa hopMMpoBaHnst Matpuubl H, No KOTOPOW NpoBOAAT pacyeT nNpo-
BepoYHbIX 6nToB koga LDPC (cm. 8.5).
MaTpuuy H dhopmmpyioT Tak, 4To6bl YNCMO CTONGLOB N; B HEl, CoAepXalinx i eaMHuL, COOTBETCTBOBAnNo Tabnu-

ueE.1.

Ans snauenuit n;, ykasaHHbix B Tabnuue E.1, BeINONHeHO cooTHolweHne Ky, = nyg + nq, + ng + ng.

Tab6nwuua E.1—TNapameTpbl MaTpuubl H Ans Bcex BO3MOXHbIX 3Ha4YeHUI napameTpoB koga LDPC

Pasmep 6roka MpumepHas Pa3smep Heko- | Yucno npose- Yucno ctonbuos n;B MaTpuue H, copepxawux i equHuy,
Nldpc CKOpOC’;b Kona ngﬁg::r;oro quH;\;/l’x butos
Idpc Idpc n, n, ng n,
Kanan ocHoBHoro cepeuca (KOC), pagnokanan 100 kI'y
1/2 4024 4012 0 0 1607 2417
8036 2/3 5362 2674 535 0 0 4827
3/4 6026 2010 0 669 0 5357
1/2 3488 3482 0 0 1394 2094
6970 2/3 4650 2320 464 0 0 4186
3/4 5226 1744 0 580 0 4646
1/2 3368 3356 0 0 1344 2024
6724 2/3 4482 2242 448 0 0 4034
3/4 5042 1682 0 560 0 4482
1/2 2832 2826 0 0 1131 1701
5658 2/3 3776 1882 377 0 0 3399
3/4 4242 1416 0 471 0 3771
Kanan ocHoBHoro cepeuca (KOC), pagmokanan 200 kI'y
1/2 8196 8204 0 0 3280 4916
16400 2/3 10932 5468 1093 0 0 9839
3/4 12300 4100 0 1366 0 10934
1/2 7666 7668 0 0 3066 4600
15334 2/3 10228 5106 1022 0 0 9206
3/4 11500 3834 0 1277 0 10223
1/2 7546 7542 0 0 3017 4529
15088 2/3 10060 5028 1005 0 0 9055
3/4 11316 3772 0 1257 0 10059
1/2 7010 7012 0 0 2804 4206
14022 2/3 9348 4674 934 0 0 8414
3/4 10516 3506 0 1168 0 9348
Kanan ocHoBHoro cepeuca (KOC), pagnokanan 250 kI'y
1/2 10332 10332 0 0 4132 6200
20664 2/3 13780 6884 1377 0 0 12403
3/4 15500 5164 0 1721 0 13779
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OkonyaHue mabnuuei E. 1

Paamep 6roka MpumepHas Pasmep Heko- | Yucno npose- Yucno ctonbuos n;B MaTpuue H, copepxawiux i equHuy,
N CKOPOCTb KOfla | AMPOBAHHOTO | POYHLIX BUTOB
tdbe R 6roka Ky, . Migpe N3 Ny Ng n,
112 9804 9794 0 0 3919 5885
19598 2/3 13068 6530 1306 0 0 11762
3/4 14700 4898 0 1633 0 13066
112 9676 9676 0 0 3870 5806
19352 2/3 12900 6452 1290 0 0 11610
3/4 14516 4836 0 1612 0 12902
112 9148 9138 0 0 3657 5491
18286 2/3 12188 6098 1219 0 0 10969
3/4 13716 4570 0 1523 0 12193
Hu3skockopocTHol kaHan (HCK)
1312 | 12 | es2 | 60 | 0 | 0 211 | 38
HapexHbiii kaHan gaHHbix (HK)
1066 | 12 | 5% | s | 0o | o | 220 | 312

MakcrmmanbHo AonyctTuMoe 4ncno eAMHNYHbIX 3NeMeHTOB D B CTPOKE MaTpuLbl H B 3aBMCUMMOCTH OT npumep-

HOW ckopoCTU Koaa R onpeaenexo B Tabnuue E.2.

¢ max

Tabnwuuya E.2 — MakcumanbHo AONYCTUMOE YUCIIO €AUHNYHBIX 3NEMEHTOB B CTPOKE Matpuubl H

MpumepHas ckopocTb koga R 1/2 2/3 3/4

MakcumanbsHo AonyctuMmoe 4ncno

€NHUYHBIX 3NEeMEHTOB d,, .. 8 11 15

AnNroputm paccTaHOBKM HEHYINEBbIX 3NEMEHTOB B MaTpuue H ucnonb3yeT NceBgocnyYanHylo nocrnegoBarenb-
HOCTb, 3aA4aBaeMyH0 PEKYPPEHTHON HOPMYNon
Stna(k+ 1) = A-Sipg(k) + C (E.1)
S, 1K) = (((S,,4(k) div M) mod (M/2)) mod M,dpc) +1,
rae A = 214013;

C = 2531011,
M = 65536;
k=0,1,2,....

HauanbHoe 3HaueHune Sy, 4(0), 3apaHHoe B Tabnuue E.3, 3aBucut ot pasmepa bnoka N, 1 ckopocTu koga R.

ldpc

T a6 nwua E.3 — HavanbHoe 3HaveHne nceBaoCcnyYaiHon nocnegoBatensHoCT Sy,q(0)

HavanbHoe sHaveHue S/, ,(0)
Pasmep 6noka N,de
R=1/2 R=2/3 R=23/4

8036 100 101 102
6970 1 104 105
6724 47 107 108
5658 109 110 111
16400 109 136 135
15334 113 126 115
15088 116 106 107
14022 119 82 81

20664 192 191 124
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Okonyarue mabnuusi E.3

HavaneHoe sHadeHne S/, (0)
Pa3sviep Gnoka N,
R=1/2 R=2/3 R=23/4
19598 125 126 182
19352 128 129 171
18286 131 160 159
1312 1081 — —
1066 1108 — —

Anroputm chopMUpoBaHusi MaTpuLbl H npeacTaeneH B BuAe 6nok-cxemsl Ha pucyHke E. 1 (nnctbl 1—3).

B anroputme hopmupoBaHnsa maTpuubl H ucnonbayerca AByxauaroHansHas matpuua £,, onpegenenHas crnegyio-
Wwmm obpasom:

1 j=i vwwm j=i-1%

Bl = i2J = e Mg
0, WHaye;
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( Hauano )
Y
HI1.-Mygpd[1. Kigoel = 0
G1-Mygpoll1-Mygpo + Kigpdl = {E> | Hy
k=1
=1 +Mldpc
i=13

n.z0 Het

Oa

k=k+1

Het
G[S,,q(RI[I1 =1

]
j=1

F
sum =10
m=1

=
sum = sum + G[m][j1G[m][/]

1

m=m-+1

566 |

PucyHok E.1 — Briok-cxema anroputma chopMmpoBaHusa matpuubsl H, nucet 1



rOCT P 54309—2011

OO O GOO

1 i 1
Het
j=j+1
Da 4"I=II.’,ﬂa
G[S,,,(KII1=0
— Het
G[S,,4(KI!1=0 k=k+1 >

sum = sum + G[S,,,4(k)1[n]
¥

n=n+1

|

GIS,dkII!1=0
k=k+1

\

Da

GIS gk =0

k=k+1

OO ©

PucyHok E.1 — Bnok-cxema anroputMma hopmMupoBaHus matpuubsl H, nucT 2

©
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OO 6

s=s+1

Aa

Her

I=1+1

c=c+1

Oa

Het

H[1 "Mldpc][1 "Kldpo] =
G[1"M1dpc][Mldpc + 1"Mldpc + Kldpc]

J

PucyHok E.1 — Bbnok-cxema anroputma hhopMupoBaHus matpuubl H, nuct 3
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