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Brenenne

CrpemuTenbHOE pa3BUTHE OECIPOBOIHBIX CHCTEM IEPEAaun JAHHBIX
TIPUBOJUT K BOSHUKHOBEHHIO ITPOOJIEMBI HEXBATKH YaCTOTHOTO pecypca 13-3a
He3(PEeKTUBHOTO M HE BCErJa palMOHAJIBHOTO €ro ucnomp3oBaHust [1].
CrnenoBaTenbHO, UCIONb30BAHUE YK€ 3aHATHIX YaCTOTHBIX JUANa30HOB, HO
CBOOO/IHBIX B KOHKPETHBII MOMEHT BPEMEHH, T.€. IPUMEHEHNE TEXHOJIOTHH
JIMHAMUYECKOTO TOCTyNa K paAO4acTOTHOMY CHEKTPY, ABJISIETCSA aKTyalbHON
3ajadeidl pa3BUTHS KOTHUTUBHBIX CHUCTeM CBs3H [2]. Ha Texymmii MOMeEHT
CTaHAAPTHI JJIs UCIOJIb30BaHUS Ha BTOPUYHOW OCHOBE JIMIIEH3UPOBAHHBIX
yactoT B nuanasonHe 1-3 I'Tm He paspaboraHbl, 4TO 0OYyCIIOBIEHO Oolee
CIIO)KHBIMH TIpaBWIaMH  (DYHKIIMOHUPOBAHHUS COOTBETCTBYIOIINX CHCTEM
cBsizu. [losToMy, menpl0 JaHHOM  paboThl  SIBISIETCS  peayM3arys
MMHTAMOHHON MOJEIN TeHepaTropa JaHHBIX OT Pa3INYHBIX TEXHOJOTHH
pannonocTyra cucteMsl coToBo cBsizu LTE 1 ompenenenust cratmaeckux
nmapamMeTpoB 0a30BOH CTAaHIMM CETH, HEOOXOAMMBIX JUIA JAJbHEHIINX
HCCIIEOBAaHUN OLIEHKH 3aHATOCTH CIEKTPAJIBHBIX MOJIOC U KAHAJOB B TOUKE
MIpreMa paJiioCUTHaa.

B cern coroBoii cBs3u LTE kaxnas GasoBas cranuus (BC) moxer
JUHAMAYECKA HM3MEHSATh (OpMaT Kaapa B HUCXOIIIEH JIMHUM CBs3HM [3].
ITosTomy mpuem, oueHka cTatuueckux mnapameTrpoB BC M BoccTaHOBIICHHE
pecypcHOH  CeTKkM 10  NPUHUMAEMOMY  paJUOCUTHAJly  SIBJISETCS
TIEPBOOYCPETHON 3aMaueii sl pa3pabOTKU KOTHUTHBHOMN CHUCTEMBI CBSI3HM Ha
6aze LTE. Ha pwuc. 1 mpencraBieHa ympoméHHas —OJNoK-cxema
MOCJIE0BATEIbHOCTH AEUCTBUI JIs1 pellieHHs JaHHOH 3a1aq.
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2. Mouck
CHHXPOHHBIX 3. BoccraHoenenue
HOCHE 0B~ PecypCcHOM CETER
TENBHOCTER

4. TToHCK NHNOTHRIX
CHIHAIIOR H 00CueT
Cl]L‘,lHL‘ﬁ MOLIHOCTH

1. Mpres win
CHHTE3 BXOJHEIX
nanukx o7 bC

Puc. 1. bnok-cxema sTanoB onpenenenus napamerpos bC u
BOCCTaHOBJICHUS PECYPCHOU CETKU

B pesynbrare BHIIOIHEHUS BCEX 3TANoOB (OPMHUPYETCS pEeCypCHasi ceTka
CO 3HAUEHUSAMHU IPUHATON MOIIHOCTH KaXJO0I0 PECYPCHOTO 2JIEMEHTA U BCE
CTaTHMYECKHE NapaMeTphl paccMaTpruBacMoi 0a30BOM CTaHINH.

1. CuHTe3 TaHHBIX JAJISI MMHTALIUH BHIXOMHOW HHOpMANT
NpPHEeMHHKA

B Xozme BBINONHEHWs] JAaHHOTO J3Tarna oOecleYMBaeTCS BO3MOXHOCTH
TeHepaluu JaHHBIX OT Heckonbkux bC u  ¢dopmupoBaHue eIuHOTO
pannocurnana. K ocHoBHeiM mapamerpam BC cern LTE mns reneparyn
pannocurnana ortHocsres: |ID BC; uwmenmo mnoaxanpos; uaeHTH(UKATOP
pecypcHBIX OJIOKOB; HOMepa Kajipa U CyOKaapa; IIMpHHA KaHaia;, KOJIMIECTBO
MIOPTOB; MKINYecKknii npedukc; pazmeps! kanasoB PDCCH u PHICH; pexxum
nocryna. JlaHHBIE TapaMeTphl 33Jal0TCd C IOMOINBI0 KOH(Urypanuu
STAJOHHOTO W3MEPHUTENHHOTO KaHalla Uil HUCXOMIINEH JIMHUM CBSI3H
nocpenctBoM ¢ynkiun [teRMCDL(). B kadectBe apryMeHTOB K JaHHON
(GyHKIMM MOTYT OBITh HCHOJIB30BaHBl 3HAUYEHHS OTAJOHHBIX KaHAJOB,
ommcanHbix cnerudukarmeii TS 36.101. Kaxapiii STaOHHBIN KaHA UMEET
coOcrBeHnble mapamerpbl BC. OCHOBHBIE CTaTUUECKHE TapaMeTphbl CTaHIN
JUIA KKJOTO JTAaJIOHHOTO KaHaia mpencraBieHsl B [lpwnoxennn A.3
cnemupukarmu 1S 36.101. [ns  popMmupoBaHHS  MMHTAIMOHHOTO
pamuocurnana BC LTE wucnoms3yercs ¢ynkims [teRMCDLTool(), xoropas
samyckaer npwioxkenne LTE  Waveform  Generator ¢ 3aganHo#
KoH(purypanuei. MHpopManmoHHBIE OHWTHI, MPECTABISIONIAE IONE3HYIO
Harpys3Ky, MepeaoTcsi B BUJE MacCHBa SYEEK, CONEPIKaIlero OAWH WM JBa
BEKTOpa M3 OWTHBIX 3HAYEHU, KOTOPBIE MEePENaoTCs B Ka94eCTBE apryMeHTa
¢ynkiuu. Ha mocnemHeM miare MMHTHpYETCs LIYMOBOE BO3JICHWCTBHE Ha
paznoCurHal, MyTeM HaJIOKEHUS Ha Hero Oenoro myma ¢ KoadduipeHToM
Bo3neiicteust (dB). [Ipumep nokasan B suctunre 1 (pynxmus awgn()).

JInctuar 1

Hanooicenue utyma Ha cucHan

% HamoxeHme ©0eJIOTO WyMa C BalaHHBEIM 3HAUYEHMEM BO3IOeMcTBusa B dB
eNodeBOutput = awgn(eNodeBOutput, 50.0);

recive = eNodeBOutput;

% OrobpaxeHue CIHeKTpa NPMHATOTO CHUI'Haja
spectrumAnalyzer(eNodeBOutput);
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2. Tlouck CHHXPOHHBIX IOCJIEI0BATEIHHOCTEH B Pa/IMOCUTHAJIE

AbonenTckoe  ycrpoiictBo  (AY),  ofecreuuBaromiee — IpHeM
paznocurHaia, JOJDKHO CHHXpOHM3UpoBatbes ¢ BC, 4ToOBI OCymecTBIATh
nepeady u NpUeM JaHHBIX ¢ MOMOIIbI0 CHTHAJIOB CHHXpOHH3auuH [4]:

1. TlepBuuHas mocienoBatenbHOCTh (PSS) sl CHHXpOHHM3AaLMU IO
cioram u OFDM-cumBonaMm, a Tarkke — JUIi BBIYUCIECHUS (U3MUECKOTO
nnentudukaropa corsl PCI. Ilepenasa PSS curnana ocymecrsisiercs B 0-om
n 10-oM croTax KakJI0To Kajpa, UCIIONb3YI0TCs 62 IeHTpaJbHbIE OIHECY IIHe
B nocnenieM OFDM-cumBore. B kauectBe PSS npumensirorcst Tpu B3auMHO-
OpPTOTOHAJIBHBIE IOCIIEA0BATENFHOCTH 3anoBa-Uy, KakIOH M3 KOTOPBIX

cooTBeTcTBYeT HaeHTHdukarop N |2D or 0 no 2.

2. BropuuHas nocnenoBarelibHOCTh cCHHXpoHu3anuu (SSS). CurHan SSS
nepenaercs B npeanocienaux OFDM-cumBonmax cmotoB 0 uw 10 Ha
LEeHTpalbHEIX 62 mogHecymuXx. [Ipuanmas curaan SSS, ycTpoiicTBO MOXeT

OTpEeNeNUTh TPyNIly HACHTH(HUKATOpPA COTHI — NllD , KoTOopas MpUHUMAET
3Hauenus ot 0 go 167. ITocae 3Toro AY BeIYHCISIET HOMEP COTHI KaK:

N =3x NI + N )

KommuectBo  pecypcoB  amst  mepefadd  CHHXPOHHM3HPYIOIIMX
TIOCIIEIOBATENFHOCTEH HE 3aBUCUT OT MCHOJb3YEMOW MOJIOCH! KaHaya. DTam
TIOWCKAa CHHXPOHHBIX MOCIIE0BATEILHOCTEH II03BOJISAET yCTAHOBUTD I'PAHHIIBI
kaxaoro ODFM-cumBoIa 1 Haualo Kaapa nepeaavyn JaHHBIX.

[MocnenoBarensHOCTE PSS 00Hapy>KMBaeTcss C MOMOIIBIO KOPPEISIAN
BCEro BPEMEHHOTO MHTEpBalia, a MOCIEN0BaTENbHOCTh SSS — Koppemsuuen
yacToTHOTO auarnasoHa. Jlo oOHapyxenust SSS, Ho nocne oOHapyxernust PSS
BBINOJHACTCS OIIEHKAa M KOPPEKLMs] CMEIICHWS YacTOThl Ha OCHOBAaHWH
BoienenHoro CP. Muunnmanusanus mapamMeTpoB IOMCKa C MHHHMAJBHO
BO3MO)KHBIM YHCJIOM pecypcHbIX 05okoB (PB) nmokazana B muctunre 2.

JIuctuHT 2

Hnuyuanusayus napamempos 011 noucka suetiku

o

% CozmaHMe NYyCTOM CTPYKTYpPEl 0a30BOM CTAaHLUU
enb = struct;

% JICIoJIb3yeMOe UMCJIO PECYPCHEIX OJIOKOB
enb_NDLRB = 6;

°

% IonmydueHne mHGopMaumy o6 COOPMMPOBAHHOM 6a30BOM CTaHLUM
ofdminfo = IteOFDMInfo(setfield(enb, "CyclicPrefix”®,"*Normal*));

Ilocne WHHUIWAJIN3a1un BBITIOJIHACTCA ITOHMKCHUC qaCTOThI
JAUCKPCTHU3AllMU NPHUHATOIO CHUI'HAJIA. Brimonaenne ,HaHHOfI npoucaypbl
O6YCJ'IOBJ'IGHO TEM, YTO HpI/IHI/IMaGMHﬁ CHTHAJI MOXKCT HCIIOJIB30BaTh
MHUHUMAaNbHOE yucio Pb JJId riepeaavin J1aHHbIX. OHGpaHI/IH OCYHICCTBIIICTCA
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¢ momormpio ¢yHknuu resample(), xoropas oOecreunBaeT OOHOBICHUE
BXOJHOW MOCJIEAOBATEILHOCTY C HOBOM 4YacTOTOM IHCKPETHU3alUUHU, YTO
II0Ka3aHO B JUCTUHTE 3.

JIuctuar 3

Tlonusicenue uacmomai 0ucxpemu3az4uu cucHaja

% PacueT TpeOyeMOM 4acCTOTH IMCKPEeTM3alUUM OJid 3alaHHOT'O 4YucCila
PB

nSamples =
ceil(ofdmiInfo.SamplingRate/round(sr)*size(eNodeBOutput,1));

$ UMCJIO aHTEeHH MCIIOJIb30BaHHBIX Jid repernadm IOaHHBIX

nRxAnts = size(eNodeBOutput, 2);

$ TMOHMXEeHMVE YaCTOTEHL OVICKpeTM3aumMm M 3allOJIHEHMEe MacCCrBa IOaHHBIX
downsampled = zeros(nSamples, nRxAnts);

for i=1:nRxAnts

downsampled(:, 1)=resample(eNodeBOutput(:,i),ofdmInfo.SamplingR
ate, round(sr));

end

3. BoccraHoBieHHne pecypcHOIi CeTKH

3.1 Ilouck 6a30B0¥i CTAHIMH

Jst  ompeneneHuss OCHOBHBIX mapamerpoB BC 1o mpunATOMY
pamnocurHairy — HeoOxommMmo  ompenmenuts jgumHy CP m pexum
PaznovYacTOTHOTO JOCTYIa, KOTOpBIE 3aBUCAT OT KonmmdectBa PB. BaxHbeiM
TaKKe SBISIETCS IIPOIECC IIONyYeHHWs CUCTeMHOW uHopMammu U3
JIEKOJMPOBAaHHBIX ONOKOB ciyxeOHOW uHbopManmu (MIB) u cucremuoi
unpopmaruu (SIB).

Omnepanyst onpeeNieHus pexuMa pagrodacTOTHOTO JTOCTyIa M JJTMHHBI
CP ocymecTisercs HOMHBIM epebOpOM BCEX BO3MOXKHBIX BapHaHTOB MX
uCTIob30BaHusl. B pesynerate BolOmpaercs BapHaHT, riae Kod(duipeHt
KOpPpEJISIIIMY BXOIHBIX JJaHHBIX C IEPBO CHHXPOHHOM MOCIIEI0BATEILHOCTHIO
MakcuMmaneH (yuctuar 4). Oynkums IteCellSearch() mpousBogut mouck u
NAEHTU(UKALUIO TYEHKN 1 00ecTieYMBaeT CHHXPOHN3AIMNIO ITyTEM CMETCHUS
Ha KoJM4YecTBO orcyetoB Offset s  kaxmoil KoMOWHAIMH — JJIMHEL
mukimyaeckoro npegpukca (CP) u pexxuma pagrodyacToTHOTO A0CTyIA.

JInctuHr 4

Tpumep onpeodenenus ocnosuvix napamempos bC LTE

% BamaHue napaMeTpoB IJjsg Ioucka BC

% BOBMOXHEIE BapMaHTHL

duplexModes = {"TDD" "FDD"};
cyclicPrefixes = {"Normal® "Extended®};
searchalg.MaxCellCount = 1;
searchalg.SSSDetection = "PostFFT";
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OKoHYaHue JMcTrHTa 4
% OcymecTBJieHME MOMCKA IIyTEeM IIOJIHOTO Nepebopa BO3MOXHEIX
BapMaHTOB
peakMax = -Inf;
for duplexMode = duplexModes
for cyclicPrefix = cyclicPrefixes
enb.DuplexMode = duplexMode{1};
enb.CyclicPrefix = cyclicPrefix{1};

[enb_NCelllID,offset,peak]=1teCellSearch(enb,downsampled, search
alg);
enb.NCellID = enb.NCellID(1);
offset = offset(1);
peak = peak(1);
if (peak>peakMax)
enbMax = enb;
offsetMax = offset;
peakMax = peak;
end
end
end
% B pesynbTaTe nomcka BeOupaeTcs BC ¢ Makc. Ko3bd. kxoppersaumm
% OnpeﬂeﬂHech KOJIMYeCTBO OTCUEeTOB OJiId CIOBMI'a Ha HA4YaJlo
cybkanpa
enb = enbMax;
offset = offsetMax;
% CmMmelleHMe Ha Hauajlo cyOkanpa
downsampled = downsampled(1+offset:end,:);
enb_NCellID = enbMax.NCelllID;
enb_NSubframe = 0;

B pesymbrare  BBHIOJHEHWS]  MOWCKA W CHHXPOHHU3ALUH
BOCCTAHABIIMBAIOTCS CJICTyIOIINE ITapaMeTpbl 0a30BOM CTAHIIMHU: KOIMYECTBO
UCTIONb3YEMbIX peCypcHBIX OnokoB Juisi mepenadn gaHHeix (NDLRB): 6;
peXnM paarodactotTHoro gocryma: FDD; ncrions3yemas 1mHa UKIMIECKOTO
npepukca: Normal; wuaeHTH)UKAaUMOHHBI HOMep 0a30BOil  cTaHIMH
(NCellID): 3; nHomep obpabatsiBaemoro cyokaapa (NSubframe): 0.

3.2 loxy4yenue cucremuoii nupopmanuu nz MIB

BC cern LTE nepenaer HeoOxoauMble KOHPUTYpallIOHHBIE TApaMEeTPHI
no paauvoumHTrepdeiicy BceM AY B core: mHpOpManys O II0JOCE KaHaja
(ucnonp3yemoM  kosmuectBe  PB),  pasnnuHble  mapameTphl, KOTOpBIE
UCTIONB3YIOTCS yCTPOWCTBaMHM IIpH  BHIOOpE COTHI ISl  TOAKIIFOYCHUS.
Cucremuas uHpopmanus mepernaercs B MIB u SIB Omokax. biok MIB
COZIEP)KUT 3HAYEHMS KIFOUEBBIX IAapaMeTpOB PAaJHOCETH: MIMPpHWHA KaHaa,
koH(urypauus kanaia PHICH u Homep kanpa SFN (tabmuma).
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Tab6muma
Hapamempul, nepedasaemvle 6 MIB

IMapamertp 3Hayenue
Howmep cyokanpa (SFN) 0-19
Komnyecrso PB (NDLRB) 6 12 125 |50 75 100
Pasmep BII® 128 | 256 | 512 | 1024 | 1536 | 2048
[Iupuna kanama, MI'1q 125125 |5 10 15 20
KomuecTtBo nomuecymmx
(B T. 4. HOCTOSTHHBIH 76 151 | 301 | 601 | 901 | 1201
CHUTHAJT)

B mocnennem mapamerpe MIB mepenarorcs HanOosee 3HaYMMEIE 8 OUT
SFN. Beraucnenne nocieqHux 2 OUTOB BO3MOXKHO TIOCIE MPHEMa YeThIPEX
nocienoBarensHeix PBCH-curHanoB B TeueHne yersipex KaapoB. s Toro,
YTOOBI ITOTyYNUTH OCTaNIbHBIE TapameTpsl n3 MIB, nocrarouno npunsts PBCH
KaHaJl TOJNLKO OAWH pa3 B ogHOM Kaape. OOmmit pasmep MIB Gnoka
cocraiser 24 6ura. [Tocne 06pabOTKH JaHHBIX Moay4aeTcst 6mok 1920 our,
KOTOPEIH Aemmrcs Ha 4 610ka 1m0 480 OUT KaXK bl U TIepeacTCs OTIEIBHO.

Oumsnueckuii kanaa PBCH nepenaercst Ha 72 neHTpabHBIX MOAHECY X
B Teuenne 4 OFDMA-cnMBOIIOB BO BTOPOM CIIOTE KaKJOTO Kaapa. Takum
oOpasom, 1t neperaan PBCH ucnonesyercst 240 pecypcHbix 3ementa (PD)
(48 smeMeHTOB OTBOAATCS IO TEpenady MWIOTHBIX CHTHaJoB). B kadectse
MOJyJHMpYIOIIel cxembl ucnonsdyercs QPSK, orcroma momywaercs, 4to B
kax ol nmepenade PBCH kanana compepxkurcst 480 Our.

Ha puc. 2 mnpencraBieHa Ienmodka JeWCTBHH, KOTOpas BBINOJHSIET
koxupoBanue gaHHbX MIB mpu ornpaske PBCH kanamna.

BxoaHoi LobagneHue | Ceeprounoe . Rate | BrixoaHoid
notok GuT CRC " | xoavpoearue " | matching | notok Bur

L

Puc. 2. Crpykrypa kogupoBanus ganusrx MIB

Pasmep CRC cocrasisier 16 6urt, ckopocts cBeprouHoro kozaa 1/3. Tlocie
storo pasmep MIB pasen 120 6ur. 3ammce MIB miepenaercs ¢ ucmonb30BaHIEM
KaHaia (u3mgeckoro ypoBHs, HazpBaemoro PBCH mo Hucxomsmeit muHuM
CBSI3H.

MIB conep>xur: 3 6uTa I OJIOCHI POy CKaHMs CHCTEMBI; 3 OuTa JUIs
nndopmarmn  PHICH; 8 ©Out nns nomepa cucremHoro kaapa; 10 Owur
3ape3epBUPOBaHBI ISl UCIIOIb30BaHMs B OymymieMm. [lomnmo mHbOpManuu B
nosie3Hoi Harpyske, CRC MIB taxxke mepenaer KOJMYECTBO aHTCHH CTaHITUH,
ckpemOmpyercst i noasepraercst XOR ¢ onpeneneHHON aHTEHHOH MacKoH.
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Crnemyer OTMETHTh, 4YTO TIPOIyCKHas crnocodHocts bC  sBisercs
rapameTpoM, Kotopoe AY IO0IDKHO 3Harh JJIs AEKOTUPOBAHUS JEOOBIX JIPYTHX
KaHaJIOB (PU3MUIECKOTO yPOBHSI.

Homep cucremHoro kampa mepemaercs B MIB nmns wawameHOU
MEpUOIMIECKON CHHXPOHHU3ALUH, KOTOpble AY MOXET BBIIIOJHATH, YTOOBI
00OHapy>XUTh MOOBIE OTKJIOHEHUS! CBOETO BpeMeHH OT BpemeHH bC.

KiroueBsie ocobenHocTr npu aexonupoBanuu MIB sarmmcn:

1. Mepuonmanocts renepanmu MIB (40 Mc) — MPOTOIKUTENEHOCTD MEKITY
JIBYMsI TTOCIIeIOBaTeNIbHBIMU TaHHBIME M B, reneprupyembiMu 601iee BEICOKUMHA
yposasimu. Homep cucremuoro xaapa B kaxaoi MIB siBnsercs unciom ot 0 10
255 ¥ IOCTOSHHO U3MEHAETCH.

2. ITepuonmanocts nepenadu MIB — mponommkuTeIbHOCTE MEXIY AByMS
nocieoBarensHeIMU niepenadamMu PBCH Ha ¢usmdaeckom ypoBHe kakabie 10
Mc. ConmepxxumMoe B 4-ex mocnemoBarenbHbXx PBCH ocramercst takum e,
nockonibky PBCH necer MIB, a MIB moxeT m3MeHNTBCsI TONBKO yepe3 40 Mc ¢
MOMeHTa riepBoii nepenaan PBCH.

[Mpumep nexomuposanus MIB 3anvcu npexcrasieH B mucTuHre 5.

JIuctuHr 5

THpumep dexoouposanus MIB sanucu

% IlosrydyeHre HOMEPOB sdUeek PEeCyYyPCHOM CeTKM, SBaHATOM KaHaJIOM
PBCH

pbchindices = ItePBCHIndices(enb);

% VI3ByledyeHMe HaHHEIX KaHajla PBCH m3 pecypcHOM ceTkKu
[pbchRx, pbchHest] = lteExtractResources(pbchlndices,
rxgrid(:,1:L,:), hest(:,1:L,:,:));

% IexomupoBanme panHeix kanasna PBCH

[bchBits, pbchSymbols, nfmod4, mib, enb.CellRefP] =
I1tePBCHDecode(enb, pbchRx, pbchHest, nest);

% Iexommuposaume MIB 6roxa nanHBX

enb = IteMIB(mib, enb);

% OmnpeznesieHue HoMepa Kanpa

enb.NFrame = enb.NFrame+nfmod4;

% OrobOpaxeHue IHnapamMeTpoB BC, BOCCTaHOBJIEHHHX M3 MIB Ojoka
fprintf ('MapaMeTps 6a30BOM CTaHUMM O maHHeM MIB Groxa:\n");

disp(enb);

B pesyiprare BOCCTaHABIMBAIOTCS —cieayromue mnapamerpbl BC:
konmmyectBo ucnonb3yembix Pb (NDLRB): 50; pexxum noctyna: FDD; nimna
CP: Normal; unenruduxarop BC (NCellID): 3; Homep cybkanpa (NSubframe):
0; xomuuectBo antenu (CellRefP): 1; mponomkurensuocts PHICH 3amucu
(PHICHDuration): Normal; Homep kaapa (NFrame): 9.

YacroTHas KOppeKmus HeoOXoauMma Uil YCTPAHCHUS  BIMSHUS
UHTEP(PEPECHIMOHHBIX U JPyTHUX IIOMEX II0CJe MOTyYeHHS] BCEX OCHOBHBIX
napametpoB 0azoBoil cranumn. Oynkuus IteFrequencyOffset() ouenuBaer
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CpemHee CMEIICHHE YacTOThl W3 MPHUHATONH MOCIENOBAaTENIbHOCTH IyTeM
BBIYMCIICHHUS KOPPEBILUH IHKINYeckoro mnpedukca. CMmelneHne 4acToThI
orieHUBaeTcs mocpencrsoM Koppemsinuu CP 1 mostoMy MOXXeT NpHUHHUMAThH
3HAYEHUS TUTIOC WIIM MUHYC TIOJIOBUHBI PACCTOSTHUSI MEKTy TTOHECY IIUMH.

3.3 OFDM nemomymsims

Jemonymsiiust IpoBoRuTCs ¢ oTy4eHHbIMU rrapamerpamu bC. OFDM-
JeMonyJsLus peajm3yercs ¢ nomoinbio ¢GyHkuuu lteOFDMDemodulate(),
KOTOpasi OCHOBBIBaeTcs Ha BeraucieHus X JIIP c moixydyeHHbBIMH OTcYeTaMu
panuocurHana. Ilocme »3TOro BBIMONHSAETCS MpeoOpa3oBaHHWE MaccHBa
KOMITIEKCHBIX (G POBEIX CHMBOJIOB U3 ITapaJUIEIIbHOTO B TIOCIIEIOBATENbHbIA
Bua. Ha 3akmroynTensHOM 3Tarie OCYIIECTBISIETCS aMIUTHTYIHO-(a3oBoe
JIeKOJIpOBaHue ¢ 00pa3oBaHneM OUTOBOTO MOTOKA (JIMCTUHT 6).

JIuctuHT 6

OFDM-o0emooyrsyus oannvix

% llcrnosb30BaHME II€PBOHAYAJIbBHO MNPUHSATHX IaHHBIX

resampled = recive;

% YacToTHasa KOppeKLUus

delta_f = lteFrequencyOffset(enb, resampled);

resampled = lteFrequencyCorrect(enb, resampled, delta f);

% KonmmuecTBO MNMJIOTHBEIX sUEEeK B Kampe

enb.CellRefP = 4;

% CMmelmeHMe Ha Hadajlo Kazpa

offset = lteDLFrameOffset(enb, resampled);
resampled = resampled(1+offset:end,:);

% OFDM memonmymaums

rxgrid = lteOFDMDemodulate(enb, resampled);

4. TloMCK NUJIOTHBIX CHTHAJIOB U ONpeleIeHne CpeaHeil MOLHOCTH
U3JIy4eHHusI PpaIHOCUT HAJIa

[Ipu nmepenade mo pajvioKaHay CHUTHaJ MOJBEPTACTCSl BO3ICHCTBHAM,
KOTOpBle BenyT K ero aepopmanuu. [Tostomy s ycnemHoi oOpaboTku
CHTHaJI1a Ha IIPUEMHOM CTOPOHE HE0OXO0IMMO OIIEHUTh U3MEHEHHE CUTHAJIA H3-
3a BHEUIHMX (PaKTOpPOB BO BpeMsl Iepeiadyl 10 paJuoKaHally U BOCCTAHOBUTH
ero nepBoHavYabHbIN BUA. st aToro BC ocymiecTiseT nepenady MAIOTHBIX
CHTHAJIOB, KOTOPBIE MCIONB3YIOTCS JUIl U3MEPEHUS UX CPEIHEH MOIIHOCTH U
kagectBa RSRP u RSRQ, a Takxke — /11 NpUHATHSA pEIICHUS O X3HAOBEPE
(handover) — mpouecce mepeKIOUCHHS] MEXIy CTaHUWsIMH. KonuuecTtBo
OTIOPHBIX CHT'HAJIOB 3aBHCHUT OT YMCJIA aHTEHH, KOTOPBIE UCIIONb3YIOTCS IS
riepeiady JaHHbIX.

[Tponenypa moucka OMOPHBIX CHUTHAJIOB OCYINECTBISIETCS C TOMOIIBIO
¢dyunkuun [teCellRSIndices(), koTopas Bo3BpaiaeT HoMepa MO3UIHiI OTIOPHBIX
CHTHAJIOB TIO TIEpEAaHHON B KadecTBe apryMeHTa koHgurypauun bC. Ha
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CIIE/IYIOIIEM JTalle BBIIONHSACTCS IIepepacuer ypoBHs MOIHOCTH B dBM st
KaXXJIOTO OTIOPHOTO CUTHAJIA, U BRIYUCIACTCS UX CPEIHEE 3HAYCHHUE.

B pe3yabTar€ BBINOJIHCHUA JTOTO JTalla BBIYUCIACTCA CPEOHAA
MOMIHOCTB MPUHSATOTO PaJHOCUTHAJIA, KOTOpasi OblIa pacCUnuTaHa 10 OMOPHBIM
curnajam: sred_re_dBm =-27.2276 dBm.

Jns oueHKH KadyecTBa pa3pabOTAHHOW MOJAENH  HCIOJIBb30BAIU
NpOrpaMMHOTO obecriedeHus sl aHaim3a curHaioB R&S VSE ¢ dynkiumeit
anasmsa LTE curnanos, mytem ummopra copmuposansoro B Matlab momem
pannocurnana LTE u ero ananmusa. Ha puc. 3 npexacrasnen copmupoBaHHbBII
pamuocuraan LTE B Matlab, a wa puc. 4 pesyasrar ero ummopra ¢
BOCCTAHOBJICHHEM pecypcHOU ceTku. [IpoBeqeHHBIM aHaIU3 MOKa3ajl, 4To
OTpE/ICTICHHE CTATHYESCKUX IMapaMeTpoB B pa3pa0OTaHHONW WMHUTAIMOHHOM
MOZECIIN BBIITOJIHACTCA KOPPEKTHO.

Puc. 4. VmmoprupoBanHsIi panguocurnan LTE
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3akiouenune

[Nonyuennsie pe3yIbTaThl TTOJITBEPIK IAIOT KOPPEKTHOCTh
(YHKIIMOHUPOBAHUS Pa3pa0OTAHHOW MMHUTAMOHHON MOMETH OTpECIICHUS
crarndecknx mapamerpoB BC B Touke mpueMa pamuocurHaia. BeIxomHbie
JTAaHHBIC MOJICIIH CO/Iep KaT He0OXOAMMYFO HH()OPMAIIHIO JIJISI BOCCTAHOBIICHHUS
pecypCHOM CeTKH T1I0 TpHUHATOMY paguocurHany. [lomydeHHBIE C
MpUMEHCHHEM pa3pa0OTaHHON MONIeNd JaHHBIE TPEAHA3HAYCHBI IS
JATBHEHIIIEro UCIONh30BAHUS Ha ITAMaX MPOCKTUPOBAHUS M KOMIDIEKCHOTO
MOJICITUPOBAHUs KOTHUTUBHBIX CUCTEM CBsI3H Ha Oa3e LTE.
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