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MIIK: H04W80/02

Crioco6 uMITyTECHOM IIaKeTHOM nepefayy JaHHBIX B CETIXMOOMIBHOM CBS3H

IIATOrO IIOKOJICHUA

Hactosimee m300peTeHne OTHOCHTCA K CBA3M M, B YaCTHOCTH, K CrIocobaM
GbopMUpPOBaHUSA CTPYKTYP JHAaHHBIX KaHAJBHOIO YPOBHA C HCIIOJIb30BaHUEM
ME)XXypOBHEBOTO B3aMMOAEHCTBHS Ul CHUCTEM OECIPOBOAHOM CBS3M IIATOrO

ITIOKOJICHHA.

Cuctemsl 6ecipoBOAHOM CBS3H IIMPOKO HCIIOJB3YIOTCS VIS MPEJOCTaBICHUS
YCIIYT CBSI3H, BKJIIOYasl KaK TPaJULIMOHHbIE YCIYTH peueBOi CBA3H, TaK U Mepenaqy
NaKeTHBIX JIaHHBIX, cooOmeHud, Meaua uHbopmauuu. B Toxe Bpemd
HabmonaeTcs poct oObemMa mepenaBaeModl MHGOpPMaLMU IO CETIM MOOHIBHOM
CBSI3U, YTO NPHUBOAUT K HEOOXOOUMOCTH MepecMoTpa (OpMHpOBaHUS KaJpOBOM
CTPYKTYpHI IlepenadH.

W3BecTeH crmoco® WMITYJIBCHON TaKeTHOW CBS3HM, OCHOBaHHBIA Ha
¢dopmupoBanunkaapoB MACypoBHs [1]. IlocTpoeHne kaapa ¥ TpPaHCIIOPTHOTO
Onoka  OCHOBaHO Ha  WCIIOJIB30BaHHH  HJEHTH(HUKATOpa  KCTOYHHKA,
UAeHTH(UKAaTOpa IOTydaTeNsi U MHOXECTBA JIOTHYECKHUX HIEHTU(UKATOPOB,
HaXOMAIIUXCSA B 3aroJIOBKaX TPAHCIOPTHBIX CTPYKTYpP, 4YTO IO3BOJIAET
pealn30BaTh CBiA3b THIA YCTPOMCTBO-yCTpoiicTBO. HemoctaTkomM maHHOrO
U300peTeHNs SBISETCS IOCTOSHHAs JUIMHA KaJpa, TPaHCIOPTHOro Ojoka Hu
HCHOJIB30BaHKe MOyPOBHEH YIIpaBlIeHUs HAEHTHDUKATOPaMH.

Kpome Toro, cymecrByer cnoco0 M YCTpPOHCTBO, OCHOBaHHBIA Ha
(GopMHpOBaHUH CTPYKTYpHl KaJIpa C HCIIONb30BaHMEM JIByX mpeamOyn [2]. B
criocobe omucaHa CTPYKTypa Kalpa, HOJACPXKHBAIOIIAs Ppa3IUYHBIE PEXHUMBI
paboThI ITyTEM 3aMEHBI UCTIONb3yeMOH NMpeaMOyJIIbl I KaXJOH U3 II0JI0C CUTHAJIA.
HenocratkoM paHHOro cmocoba SBISETCS OrpaHUYCHHE IOAAEP)KUBAEMbIX
TEXHOJIOTHI, a UMEHHO paboTOCIOCOOHOCTh TOJNBKO B CETIX MOOHIIBHOM CBA3H

crangapra 802.16 (WiMax).
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HaubGonee 6u3kuM K Ipe[uiaraeMoMy H300peTeHHIO fBIseTCsS cIrocod, B
KOTOpPOM OIIKMCaH Kajp HoBoro ¢opMara, IepeAaBaeMOro B COOTBETCTBHH C
npoTtokojoM paguocBszu (RLP), nHboOpMaIMoHHBIH Kap COCTOMT U3 MHOXECTBA
IOCNIeIOBAaTEIbHBIX ~ MYJIBTHIUIEKCHBIX KagpoB IIepeMEeHHON ImHuHBI [3].
Henocratkom sBisercs HCTIONB30BAHHE kagpa RLP, copepxxaiiero maHHBIE
repeiadyd ¥ KOHTPOJIUPYIOLIETO JIUHY Kajpa.

3amaua u300peTeHHs — MNOJAEP)KKAa TPAHCIOPTHBIX OJIOKOB IMEepeMEHHOMH
IUTUHBI 6€3 UCTIONb30BaHUs! CTOPOHHHMX CPEACTB U IIPOTOKOJIOB.

CyTp u3o0pereHUs BBIpaXK€Ha B ()OPMHPOBAaHUHM TPAHCIOPTHBIX CTPYKTYP
KaHAJIBHOTO YPOBHA IIEpEMEHHOM JUIMHBI, C IIPUMEHEHHEM IIPOLENYpPBI
ME)XYPOBHEBOTO B3aMMOJAEHCTBHsA, M MOJYyYEHHS BXOJHBIX IIapaMeTPOB
HenocpeACTBeHHO ¢ ¢usuyeckoro ypoBHs Mozend OSI myremM 4yteHHs
BBIJIEJIEHHBIX PETHCTPOB JAHHBIX, XpaHAIIUX TEKyIIHe IapaMeTphl (HU3HMYECKOro
YPOBHS, TakkKe B Ipoleaype o6paboTKH TpPaHCIOPTHBIX CTPYKTYp Ha CTOpOHE
IPUEMHOTO0 YCTPOKCTBa, BBIPRXXEHHOW B PpacKpBITHH HHKAICYyJIMPOBAaHHOH
uHGOpMaIUH, pacueTe U IMPOBEpKe KOHTPOJBHBIX CYMM TPAHCIIOPTHOro OioKa H
TPaHCIOPTHOrOMAKeTa.

Cnoco6 uMIynbCHOM mNakeTHON MepeJavyd NAaHHBIX CETed CBI3U IIATOTO
IIOKOJIEHUS BBIMOJIHSAET QYHKIMH (GOpMUPOBaHHS TPAHCIIOPTHBIX Iakera U Gioka
NEPEeMEHHON UIMHBI, OTIHYAIOIIMECS TE€M, YTO IMPHUMEHsETCs IMpoLeaypa 3alucu
TeKylux mnapameTpoB konmdyectBa OFDM-cuMBOiIOB M mopsika MOAYINSLIMU
(GU3UIECKOr0 YPOBHS B BBIJICNICHHBIE PETHCTPhl JaHHBIX, CUHUTHIBAHHE BXOIHBIX
napaMeTpoB A1 (OPMHpPOBAaHHS TPaHCIOPTHOro OJi0OKa INEPEMEHHOH [UIMHBI
IIPOHUCXOIUT HANPSIMYIO U3 PETUCTPOB aHHBIX.

Cnoco6 WMIyNbCHOM NakeTHON Ilepefjaud [AaHHBIX CETE€H CBA3H IISITOrO
IOKOJIEHHsI  IIpeACTaBnseT coOol  MOo3TamHbl  mpolecC  MHKAICYJSAIHMH
nepenaBaemMoid uHpopMaimu. M3o00pereHHe cocTOMT M3 ABYX OTamnoB JUIs
nepefalomed W NpUeMHON dacTell, COOTBETCTBEHHO. AJITOPUTM Iepearole
9acCTH COCTOMT U3 TPEX 3TAIOB:

— ¢GOpMHpPOBaHUS TPAHCIIOPTHOIO MAKETa;



— (hOopMHpPOBaHHUS TPAHCHOPTHOTO 6JI0Ka;

— pacyet HeobxoauMoro konudectBa OFDM cuMBOIIOB.

Ha ¢wur.1 npenacrasneHa CTpyKTypa TPaHCIIOPTHOTO M1aKeTa.

Ha ¢wur.2 npencrasieHa CTpyKTypa TpaHCIIOPTHOTO O110Ka.

Ha ¢wur.3 mpencraBieHO JIOTHYECKOE COeNMHEHHe dacTelt H300peTeHHs C
yKa3aHHeM BXOAHBIX M BRIXOAHBIX JaHHBIX.

B kadecTBe BXOIHBIX IapaMEeTPOB NPUHUMAIOTCS 3HAa4YCHHE [UIMHBI
nepenaBaeMoro nakeTa W AaHHBIe JUIs Mepefadyd ¢ BBILIECTOAIMX ypoBHed. Ha
OCHOBE BXOIOHBIX JaHHBIX (UIMHBI TaKeTa) BBIAEISAIOTCS JaHHBIE JUIA
¢bopMupoBaHusA TpaHcropTHoro mnakera (¢ur.l). Bxomnol mnmapamerp AIHHBI
maKeTa yKa3plBaeT Ha oOmmid o0beM makera, BKIIOYAIOIIUH CIyXeOHy!o
uHpopMaLuIo, Toraa oOBEM IIOJIE3HBIX MAHHBIX IIPEICTAaBIEH BBIPAKECHHUEM:

P,—166afit, rone P, — oOmas uuHa TpaHCHOpTHoro mnakera. J[lamee -—

dbopMHpOBaHHE TpPaHCIOPTHOrO Onoka (¢ur.2) M BHEMUCIEHHE HEOOXOIMMOro
kosmyectBa OFDM cHUMBOJIOB Ha OCHOBE ITPUHATHIX BXOAHBIX JaHHBIX.

B TpaHCIIOPTHOM IMaKeTe pe3epBHPYIOTCH CIyXeOHble o, Tak, 12 GalT
pe3epBUPYIOTCS IS 3aroJioBKa IakeTa B Havdaiie u 4 Oaiita nox mojie «syncend» B
KOHIIe. B 3arojloBok rmoovepeaHo 3anMCHIBAIOTCS CIEAYIONINE JaHHBIE:

— moJjle, yKa3bIBaloOIlee Ha HAYaJlo MMaKeTa «syncstarty - 4 6aifT, mocTosHHOE
3Ha4YEeHHE;

— ToJie, coAepxaliee MOPAIKOBBIA HOMep makera — 2 GaifT;

— mojle JJIMHBI TIaKeTa, yKasblBaiollee Ha [UIMHY HHQOPMAalHOHHOH
COCTaBJIAIONIEH akeTa — 2 Oa¥iT;

— moJie KOHTpPoibHO# cyMMEl «CRC» - 4 6aiit (Tunosoii anroputm CRC 32,
BBIYHCIISIETCS JJIA 3ar0JI0BKa TPAHCIIOPTHOI'O MaKeTa).

B koHen makera noGapnsercs mone «syncend» - 4 OaiT, yka3sIBalollee Ha
3aBeplIeHHe TPAHCIOPTHOIO I1aKeTa, IOCTOSSHHOE 3HaYEHHE.

BEIXOAHEIMY JaHHBIMH SBISETCS CTPYKTYPHPOBAHHBIM TPaHCIIOPTHEIH IaKeT,

CoziepKallfit B cebe HHKANCYJIMPOBaHHBIE JaHHBIE U CITyXeOHBIE OIS,



4.

Ou3nyecKkuil ypoBEeHb XpaHUT 3HAYEHHUS IMOPsAKa MOAYJILIMA M KOJIIMYECTBA
nogHecymuxOFDM-curHana B perucrpax JaHHBIX, 12 U 4 GUT COOTBETCTBEHHO,
IOOMyCKAaeTCsl XpaHeHHWe BeJIMYMH B BuAe ciyxeOHbIX ¢uaros.IIponecc
GbopMHUpOBaHUA TpPaHCHOPTHOro ©OJioka HayWMHAEeTCA C pacyera JUIMHBI
TpaHcnopTHoro 6Onoka, paBHoi amuHe OFDM cuMBosia, BBIP2XEHHBIM 4Yepes:

N-m
86um

— 8 Oaiit, rne N— xonmudectBo noaHecymmxOFDM-curnana, m — mopsaaok

MOJIYJIAUMH, MCIONb3yeMble BXOAHbIE [aHHble NPUHUMAIOTCS B pe3ylbTaTe
MpOLIeAypsl MEXYPOBHEBOIO B3aWMOAEHCTBUA Mexay KkaHanbHbIM (MAC) u
¢usmueckum (PHY) yposusimu. IlpousBoautcs cpaBHEHHE UIMHBI IOIYYEHHOI'O
IIaKeTa C pacyeTHOM, eClIi OHa OKa3bIBaeTCs GoubiLe, TO IPOUCXOIUT pa3JeIeHUue
MaKkeTa Ha HECKONBKO TPAHCIIOPTHHIX OJIOKOB, €CIIM MEHBIIE — 3allOJHEHHE
CTPYKTYpHl TpaHcmoptHoro 6noka. B ofomx ciy4asx ciyxeOHble noOJL
TPAHCIIOPTHOrO OJIOKAaNMIEHTHUYHBI:

— B 3aroyioBok Th BHOCATCS JaHHEBIE O ITHHE MH)OPMAIIMOHHON Harpy3K# —
4 Gaiit;

— B teno Th 3anuceiBaeTcs HHGOpMaIMOHHAs Harpy3Ka;

— pacCUMTHIBACTCA HamolHeHWe OJioka, a WMeHHo moiid «paddingy,
BEIDAXXEHHOE Yepe3 pasHHIly BO3MOXXHOU AnuHBI makera (1 6ok anropurma) u
HH(POPMALMOHHON Harpy3koi, Mojy4eHHas JUinHa (0alT) 3anonHAeTcs HyIsSMH, B
Cllydae HyJIEBOI'O 3HaveHHs pa3HHLbl — 610k «padding» He BHOCHTCA B OOIIYIO
cTpyktypy Th;

— xoner; Th mpononusercs koHTponbHO#H cyMMoit «CRC 32» - 4 GaiiT.

3aKJIFOYHTEBHBIM 3TAlOM SIBJIAETCA BBIUUCIIEHUE HEOOXOAMMOI0 KOJIMYECTBa

OFDM CcHMBOJIOB Ui TIepejadyd TPaHCIOPTHOIO IIaKeTa, NpeACTaBICHHOIO

d [6aitT], rnHe " —86aim - pmmHa OFDM
N.m)—86at7m 86um

86um

CHMBOIJIA, P | —AJIHHa CCTCBOI'0 IIaKCTa. HpH MNOJIyYCHHHA I[pO6HOFO 3HAYCHHA

dopmymnoii: S =
(



5.
BenmurHbl KonmdectBa OFDM-cHMBOJIOB IIPOUCXOJUT OKDPYIJICHHEC OO0 LEJIoro

3Ha4YeHUs B OOJNBIIYIO CTOPOHY.

Ha cropoHe mnpHeMHMKa NpPOUCXOOUT TIIO3TalHas THUIOBAas pacliakoBKa
WHKaICyJIMpOBaHHONH HH(POpPMAaLlMM W3 TPAHCIOPTHOro 6j0Ka B TPaHCIOPTHBIM
MaKeT, W, U3 TPaHCIOPTHOIrO MaKeTa B HUCXOAHBIE AaHHble. Ha kxaxzmom srame
pacnakoBKH IPOHUCXOAUT CPaBHEHHE KOHTPOJBHBIX CyMM, IIPH MX HECOBIIAJCHUH
TPAHCIOPTHBIN OJIOK WM TPAHCIIOPTHBIN MaKeT OTOpPacEIBaIOTCS.

®ur.3 mnokasbpIBaeT JIOTHYECKOE COeAMHEHHe dacTelt H300peTeHu,
IpeCTaBIAIOIUX co00# CroCOOMMITYIBCHOM MakeTHOM nepefadu JAHHBIX CeTeH
CBA3M IIATOTO MMOKOJIEHMSI, YCJIOBHBIE 0003HaYeHMs, IPUHATHIE A1 (ur.3:

— al,yiMHa TpaHCIOPTHOIO MAKeTa;

— a2,KOJIM4eCTBO YPOBHEH MOAYJISLIMH CUTHAIA;

— a3, konmuuectBo nogHecymuxOFDMcurnana;

— pl,TpaHCTIOPTHBIH NaKeT NpeCTaBIEHHON CTPYKTYDHI;

— bl,TpaHCrOpTHEI# 610K IIPEICTaBIEHHON CTPYKTYPBI;

— cl,pacuerHoe 3HaueHHe konuyectBa OFDMcHUMBONOB.

OCHOBHEIM  JIOCTOMHCTBOM J@HHOro crocoba sBJISE€TCS YMEHBLICHHE
coyxebHOM wuH(pOpManMH, YyYacTByromledi B mnpouexype (GopMHpoBaHHs
TPaHCIIOPTHEHIX OJIOKOB.
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®opmyia uobpereHus

Crroco6 UMITyJIbCHOM NTaKeTHO#H nepenavu JaHHBIX B CETAX MOOHIBHOM CBSA3H
IATOrO IIOKOJIEHHS, BKIIOYAIOIIUN (opMHpOBaHHE CTPYKTYyphl TPaHCIOPTHBIX
[IaKETOB, TPAHCIOPTHBIX OJOKOB I€peMEHHOM [UIMHBI, BBIYMCICHHE JUIMHBI
OFDM-cuMBoOja, OTIMYalOIIMCS TeM, YTO IpPUMEHSETCs  IIpolLexypa
MEXYpPOBHEBOTO  B3aMMOACHCTBHA  AJAA  IOJy4YEHHMs  BXOAHBIX  JAaHHBIX
HEIMOCPEINCTBEHHO C ()H3MYECKOTO YPOBHS, @ MMEHHO HCIIOJB3yEeTCs IpOIEaypa
3allMCH  TeKymuXx mapaMerpoB koimudyectBa OFDM-cUMBOIOB M IOpsIKa
MOIYJIAUUH (PU3MIECKOrO YPOBHA B BBIIECJICHHBIX PETUCTPax AaHHBIX - 12 u 4 6HT
COOTBETCTBEHHO, HA CTOPOHE IIPUEMHHKA IIPOUCXOAUT MOTYyYEHHE TPAHCIIOPTHOIO
OJ0Ka, COCTOSIIIEr0 W3 MOJIeH yKasaTens AJMMHBI MH(QOPMallMOHHOM Harpyskd,
HMHKAICYJUPOBAaHHOIO TPAaHCIOPTHOTO IIaKeTa, HAMOJHEHHS M KOHTPOJIBHOM
CYMMBI TpPaHCIOPTHOrO OJOKa, BBIYHCISECTCS KOHTPOJIBHAsA CyMMa IIPMHSATOIO
TPAHCIOPTHOTO OJI0Ka U PacKpBIBACTCS COAEPXKMMOE IOJIsI WHKAICYJIMPOBaHHOIO
TPaHCHOPTHOIO ITaKeTa, BEIYUCIIAECTCA KOHTPOJIbHASA CyMMa TPaHCIIOPTHOIO MaKeTa

W pacCKpbIBa€TCA I0JIC TaHHbBIX.



Crioco6 UMITyIIECHO# ITaKeTHOH nepeadt
IOaHHBIX B CETSIX MOOWIBHOH CBS3H IIATOrO MOKOJICHHS

Pl
Pl - 16 Gaiir
3arojoBoK, HNHdpopmanroHHas Harpy3Ka Sync end,
12 Gaift (Payload) 4 Gaiita
Home WHa
Sync start, HaKeTéll) Pl;;}loa d Konrtponbnas
4 Gaiita 2 Gaitra | 2 Gaira | <YMM® 4 Gaiita

O®ur.1



Crioco6 UMITyJIBCHOH MaKETHOM Nepeaayn
JAHHBIX B CETAX MOOUIIBHO#M CBSI3U IATOTO IOKOJIECHHUSA

flrnra Hamnonxenu
nHpopmanuonHo# | HMupopmanmonnas . KonTponbHas
Harpys3Ky, Harpy3ka (Payload) «Padding» cyMMa, 4 Gaiita
4 Gaiita

dur.2



Croco6 UMITyJICHOM ITaKeTHOH mepenauu
IOaHHBIX B CETSIX MOOMIIBHOM CBSI3M MATOIO MOKOJIEHUS

p1

al
dopmupoBaHue
TPaHCNOPTHOro
nakeTa
a2
a3

dopmuposaHue
TPaHCNOPTHOIO
onoka

b1

Bbluncnexnue
KonuyecTtea
OFDM
CUMBOIOB

c

®ur.3

v
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