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TexHonorua cotoBoi ceasu LTE (Long Term Evolution — gonroepeMeHHoe pa3Butue) — cTaH-
AapT Mo6unbHoM cBA3n 4G NoKoneHus, B KOTOPO aKTUBHO UCMONb3YIOTCA MHOToda3Hble KOM-
nneKkcHble NOCNEeA0BaTENbHOCTU C XOPOLUMMU KOPPENALUMOHHbIMYU cBoicTBaMu. Ha anemeHTax
nocneposarenbHocten 3aposa-Yy (ZC(25,62), ZC(29,62), ZC(34,62)) nocTpoeH NepBUYHDIN
CUHXPOCUIHan HUCXoAALLero kaHana ot k 6asoeoi craHuumn (BC) k nonssosarenio/ Mocnepo-
BatenbHoctu ZC anuHow 139,839 aneMeHTOB McnoOnNb3yloTCA ANA NOCTPOEHUA npeambyn cny-
YaiHoro AocTtyna, Ha nocneposartenbHocTax ZC anuHon, kpatHow |2 aneMeHTaM, NOCTPOEHLI
pedepeHcHble curHansbl (3oHaupylowmini = SRS n aemopaynuposaHHbii = DMRS) pasnuyHoi
ANUHBI B BOCXO/ALLIEM HanpaBlieHK nepeAaym — oT MoGunbHoro nonb3osarens k BC. Muoro-
¢asHble Nocne0BaTeNIbHOCTU OY€Hb YYBCTBUTENbHBI K (Da30BOMY LUYMY, UMEIOLLLEMY PaBHO-
MepHoe pacnpejeneHue NIOTHOCTU BEPOATHOCTH B uHTepeane [0...27] paanwaH Paneesckoro
KaHana cBA3M, a Takxe a3oBble UCKaXKEHUA, CBA3AHHbIE C MeXKaHaNbHOW UHTepdepeHLmnen
(ICl). ®asoBblit WYM HapyllaeT OpTOroOHanbHOCTb CMH(a3HOW U KBaJpaTypHOM KOMMOHEHT
curHana. Yem MeHbLue 3HaYeHMit yrnoBbix BenmuuH Ha NZC anemeHTax nocnefoBarenbHOCTH,
TEM MeHbllUe YUCho wwaros o6paboTkn AnA nonyvyeHua pesynbTara 3aZjlaHHOW TOYHOCTU Npu-
6nukeHna K 3TanoHHoWn (nepepaBaeMoii) nocneposarenbHoctu. KpoMe toro, B o6iem cny-
Yae, OTNIMYME BYX CMEXHbIX 3NieMeHTOB GysleT YyncneHHo Gonblle nNpu MeHbLUEM pa3Hoo6pa-
3uM ¢pasoBbIX YrNOB 3/IEMEHTOB NOCNE0BaTENbHOCTH, YTO NOBLILIAET NOMEX03aLLULLLEHHOCTD,
3¢ cpeKTUBHOCTb U CKOPOCTb 06paboTKU NpUHMMaeMoi nocnefoBaTenbHocTu. B faHHo pa6o-
Te NMpoBefleH CPaBHUTENbHbIA CTaTUCTUYECKUW aHANMU3 OLIMOGOK npu npoxoxxaeHun Panees-
CKOro KaHana MHorocgasHbIMU MOCNEA0BaTEe/IbHOCTAMU Ha NpUMepe NOCNefoBaTeNIbHOCTU
3apoBa-Yy B Heu3MeHHOM BUAE M NpY NPUMEHEHUU NPEABAPUTENbHOM NPoLEAYypbl KBaHTOBA-
Hua. Uccneposanme npoeBoamntca nyTeM MMUTALMOHHOTO MoAenupoBaHusa B cpege MATLAB B
BapuaHTe PaneeBckoro kaHana ceasu craHpapta EVA, Mogenb KOToporo cMHTe3MpoBaHa C
Mcrnonb3oBaHMeM pecypcoB Mojernei KaHanos ceasu cuctembl MATLAB.
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BBenenue

Texuonorust coroBoit cBsizu LTE (Long Term Evolution —
JIOJITOBPEMEHHOE Pa3BUTHE) — CTaHIAPT MOOHWJIbHOM cBsizu 4G
MOKOJICHHSI, B KOTOPOW aKTHBHO HCHOJB3YIOTCS MHOTO(a3HbIe
KOMIUICKCHBIE TIOCJIEIOBATEILHOCTH C XOPOIIUMH KOPPEJISIH-
OHHbIMU  cBoMcTBaMu. llukinyeckas aBTOKOppeEIsLUOHHAS
¢bynkys (AK®) Takux mocieaoBaTenbHOCTeH — 3TO J-(pyHKIUS
C HyneBbIM 3HaueHneMm OoxoBbeix JenectkoB (CAZAC-
mocienoBareiabHOCTH [1]). Ha anmemMeHTax mocieaoBaTeIbHOCTEH
3anoa-Uy (ZC(25,62), 2C(29,62), ZC(34,62)) nocTpoeH mep-
BUYHBIA CHHXPOCHTHAJI HUCXOJSIIEr0 KaHajla OT 0a30BOW CTaH-
mwu (FC) K moib30Barelnto; mocienoBarenbHocTd ZC IIMHOM
139,839 s1eMeHTOB MCIIONB3YIOTCS I MOCTPOSHHS IpeaMOyI
ClyyaifHOrO JI0CTyma, Ha mochenoBatenbHocTsiX ZC UIHHOM,
KpatHOH 12 ajeMeHTaMm, MOCTPOEHBI peepPeHCHBIC CHUTHAIIBI
(3onaupyrommii — SRS n nemonaynupoBannblii — DMRS) paznnu-
HOW NJIMHBI B BOCXOJAIIEM HANpPaBICHWU MEpefadyd — OT MO-
owpHOTO TMob30Batels k hC [2].

B o01em ciryuae MHOTO(a3Has CAZAC-
TI0CJIEI0BATEILHOCTh MOXKET OBITh MPEJCTaBJIEHa BBIPAKEHUEM

1k %%
[2] ZCu,n(n):eXp[w
zC
N-if 5JEMEHT IMOCIeA0BaTeNbHOCTH, Nzc — KOJIMYECTBO 3JIEMEH-
TOB TIOCIIE/IOBATEILHOCTH, U — UHJEKC (KOPEHb) MOCIIEI0BaTEIb-
HOCTH, BBIOMPAaeMbIii M3 COOTBETCTBYIOIIMX TaOJIUIl CTaHIapTa
[2]. 3nauenue Momyisl TakOM MOCIENOBATEILHOCTH PaBHO 1,
3Ha4YCHUE (a3bl:

1:0<n<N, —1 t1¢ ZCun(n) —

Im(ZC, , (n))] ] (1)

angl, {ZC, ,(n)} = arCtg[Re(zc (n))

MuorodasHbie 1OCIeI0BATEIHOCTH OYEHb YYyBCTBUTEIBHBI
K (a3oBOMy IIYMy, HMEIOLIEMY pPaBHOMEPHOE paclipejieiieHue
IUIOTHOCTH BeposiTHOCcTU B uHTepBaine [0...2w] paguan Panees-
CKOTO KaHajia cBsi3M [3], a Takke (pa30BbIC MCKAKCHUS, CBSI3aH-
Hble ¢ MexkaHanbHOH MHTepdepenumer (ICI). dazoBbiil mym
HapylIaeT OPTOTOHAIBHOCTH CHH(A3HOW M KBaJpaTypHOH KOM-
noHeHT curHaia CrocoObl KOMIIEHCAMHN YaCTOTHBIX M (Pa30BBIX
HCKa)KeHNH 1oJIpoOHO paccMoTpeHsl B [4, 5, 6, 7].YUem Mmenble
3HAUYEHHWH yTJIOBBIX BenUuuH Ha Nzc 35eMeHTax mocie0BaTelb-
HOCTH, TEM MEHBINE YUCIO IIAroB OOpaOOTKH Ui MONTydYCHUS
pe3ynpTaTa 3aJaHHOW TOYHOCTH TNPHONIKEHHS K STATOHHOM
(nmepenaBaeMoii) mocienoBarenbHOCTH. Kpome Toro, B oOriem
cilyyae, OTJIMYHME JIBYX CMEXKHBIX DJIEMEHTOB OyJeT YHCICHHO
OoJibllle TIPU MEHBIIEM Pa3HO00pa3uu (a3oBIX YIJIOB JJIEMEH-
TOB IIOCJIEZOBATEILHOCTH, YTO IIOBBIIIAET ITOMEXO3alHIICH-
HOCTb, 3((PEKTUBHOCTh M CKOPOCTH 00pabOTKH NMPUHUMAaEeMOW
IOCJIE0BATEILHOCTH.

1. 3agaym U MOAXO0ABI HCCIEA0BAHNSA

B nmanHO# paboTe HWCCIEaYIOTCSA PE3yNbTaThl HMPOXOKACHUS
nocnenoBarenbHocT 3anoBa-Uy ZCyn(25,139) uwepes momenb
PaneeBckoro kaHana Ajs CydyaeB KBAHTOBAHHOMW C IIIaroM KBaH-
toBanust Q=0.1333 (16 ypoBHel KBaHTOBaHMsI) MOCIIEAOBATEIb-
HOCTM WU TOW € HEKBAaHTOBAHHOM MOcCienoBaTebHOCTU. [lpu
TIPOBEJICHUH UCITBITAHNI UCIIOJIB30BAIACh IPOrpaMMHast MOJIENb
PaneeBckoro kanaia ¢ KoH(pUrypauuen 3aiepkek o CTaHAapTy
EVA (Extended Vehicular A — 3HaueHus 3aaepixex 1 Ko3hpuuu-
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SHTOB OCJa0NieHHs TIpU IepeMelieHur B aBTromooOmie) [8]
(AnnexB,Table B.2-2). Panee, B padote [9], 6pu10 TpOBEICHO
HCCIIEIOBAHUE CBOMCTB LMKINYECKOM aBTOKOPPEISIIMOHHON
(YHKIMH MHOTOYPOBHEBBIX KOMIUIEKCHBIX MOCIIEOBATEIBHO-
creii ZC B 3aBUCHMOCTH OT YMCJIa YPOBHEH kBaHToBaHMs L are-
MEHTOB MOcieoBaTebHOCTeH. [[nana3oH aMmiuTyj] KBaHTye-
MBIX BEJIHYUH I mocienoBareabrocteid ZC [+1...-1]. B kage-
CTBE KPHUTEPHUS OIICHKU BBIUUCIISIIOCH OTHOIIICHUE KBajpaTa MaK-
cuMyMa HuKiIndecko AK® k cpelHeMy 3HAUEHHUIO KBajpaTa
0OOKOBBIX JienecTkoB B aerubenax (MFm) anst paznuanoro yucia
ypoBHei kBanToBaHUS L. ChopmymmpoBaH BEIBOA O BO3MOXKHO-
CTH KBaHTOBaHMs TociienoBarenbHocTeil ZC ¢ L = 64...16 0e3
3HaUUTENbHOTO CHIKeHus:t MFn (42,6...39,6 dB) Maremarnye-
CKasl MOJIeNTb KBAaHTOBATENS TAKXKE pacCMOTpeHa B [9].

BrrancnnM 3HaueHHS (a3 3IEMEHTOB MOCIEI0BATEIEHOCTH
mo ¢opmyie (1) kBanToBaHHOU ¢ L = 16 U HEeKBaHTOBaHO#l I0-
cnenoBaresibHoctd ZC(25,139). JInsi HEKBaHTOBaHHOM MOCTICIO-
BaTCJIbHOCTH IOJYYHUM IIOCICA0BATCIIBHOCTD (ba30131)1x BCJIIMYUH
(B COKpaIlcCHHOM BH/IE):

ANGZCnQ=[0;-0.735263697001147; 0.241268905876442; -
0.445073377335355; 0.761762257116519; 0.758066820007904;
0.778180303442197; -0.220452456992230; -0.156266016342200;
0.506211347378494;0.560229295812468;0.628486335331333; -
0.177925845101581...cvevniiiiininnnee 0.156266016340814; -
0.220452456991634; 0.778180303442152;
0.758066820007810;0.761762257116550;-0.445073377333867;
0.241268905877445;-0.735263697001201; -7.78314077728733e-13];
- 69 ANGELS (¢haszosvix éenuuun snemenmog)

PasHbIME 11BeTaMu 0003HAUYCHBI Pa3HBIC YTIIOBBIC BEIUYHHBL.
139  >neMeHTOB  HEKBAaHTOBAHHOM  IOCJIENOBATEbHOCTH
ZC(25,139), pacnpeneneHabie Mo 69 pa3nudHBIM (a30BEIM JaH-
HBIM, TIPAYEM 3HA4YCHHUsS (a3 BTOPOU ITOJOBUHEI MTOCIIEIOBATEITb-
HOCTH 3€pKaJbHO OTPaKEHBI OT LEHTPAIBLHOTO DJIEMEHTa, NMe-
toriero (asy nepBoro u nocnenHero snementa ZC(25,139).

st xBanTOBaHHON mociemoBareapbHocT ZC(25,139) ¢ 16
YPOBHSIMM KBAHTOBaHHsI YIJIOBbIC BEJNYMHbBI, BBIYUCICHHBIC 110
¢dopmysie (1) B COKpAIICHHOM BUE MTPEACTABIICHBI:

ANGZC16Q=[0;0.718829999621625;-0.244978663126864;
0.463647609000806; -0.718829999621625;-0.718829999621625; -
0.718829999621625; 0.244978663126864; 0.124354994546761;
0.463647609000806;-0.558599315343562;-0.558599315343562;
0.124354994546761; 0.643501108793284......cvevininiiiiniinn, -
0.558599315343562; - 0.558599315343562; 0.463647609000806;
0.124354994546761; 0.244978663126864;-0.718829999621625;-
0.718829999621625;-0.718829999621625; 0.463647609000806;-
0.244978663126864; 0.718829999621625;0];

-17 ANGLES (¢a30BbIX BeTHM4YHH JIEMEHTOB).

To ecth 139 nnemenToB KBaHTOBaHHOU ¢ L=16 pacnpenene-
HBl 10 17 pa3iIW4HBIM YTJIOBBIM JIAaHHBIM, YTO B YETBHIPE pasa
MEHBIIIE, YeM JUIs HEKBAaHTOBAHHOM 1OCIIEI0BATEIBHOCTH. YTIIO-
BbI€ JIaHHBIE TIOCIIE/I0BATENILHOCTEH PUBEICHBI B PaINaHax.

Ha pucynke 1 npuBeneHsl MHOTO(A3HBIE TOCIECAOBATEIBHO-
ctu ZC(25,139), aneMeHTBI KOTOPBIX MIPEIICTABICHBI B PaHaHaX:
CHHUM LBeTOM M LU(poil «1» H300pakeHa HEKBaHTOBaHHAs
MOCIIeJOBATEIILHOCTD, KPACHBIM U LU(POH «2» — KBaHTOBAHHAs
¢ 16 ypoBusamu kBanTOoBaHMA. Ha pucyHke 1 HaGmomaercs pas-
OpocC YIJIOBBIX 3HAYCHHMIT JUI HEKBAaHTOBAHHOH IOCIIEI0BATENb-
HOCTH OOJIbIIE, YeM IS KBAaHTOBAHHON Kak 1O aOCOTFOTHOM
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BEIMYMHE 3HAYEHWH YTJIOBBIX BEJMYMH, TaK M IO YHUCIY HX
TTOBTOPSEMOCTH.

Angles ZC(25,139) no Q-1, Q=[I,1333_— 2

0,8

1] 20 40 60 80 100 120 140
n - number of sequence elements

Angles (rad) - elements of ZC(25,139)
=

Puc. 1. HekBanToBanHas nocnenoBarenbHOCTh ZC(25,139) — cunmid
uBet (1), kBanToBaHHas ¢ L = 16 — kpacHBbIi nBeT(2)

VmMuranmoHHOE MOZAENIMPOBAHNE B KaHAJIE 0e3 MOMeX IUKIIH-
geckoit AK® (puc. 2) KBaHTOBaHHOW ITOCIIEIOBATEIHHOCTU
ZC(25,139) ¢ 16 ypoBHSIMH KBaHTOBaHUSI M HEKBAHTOBAHHOU
TIOCIIE0BATENbHOCTH TO3BOJISIET yOEIUTHCS B HE3HAUUTEIHHOM
TIPEBBIIICHNH YPOBHSI OOKOBBIX JICTIECTKOB JUISi KBAHTOBaHHOU
MIOCTICIOBATEIbHOCTH 110 CPAaBHEHMIO C HEKBAaHTOBAHHOM.
Tunnunoit xapakrepucTukoil s cpaBHeHHs AKD uccnemye-
MBIX MOCJIE/I0BATENILHOCTEH SIBJISIETCSI MepUT-(haKTop
(Meritfactor) [10, 11], BerumcasieMblii 0 (OpPMyJie OTHOIICHUS
SHEPruM TJIABHOTO JIETIECTKA K CyMMapHOW DHEPrHU BceX OOKO-
BBIX JieniecTKOB [11]:

Ro
2R

i=0

MF =

B mannoi1 pabote ais cpaBHATENbHON XapakTepuctuku AKD
UCTIONB3YETCs BEJIMUMHA, 00paTHast MepuT-(hakTopy — 3HAUCHHE
OTHOUICHHUSI MOZYJII MaKCHMAaJIbHOW BEIHMYMHBI OOKOBBIX Jie-
MIECTKOB KBAaHTOBAHHOHN MOCIIEIOBATENBHOCTH K MOJIYJIO IHKa
HUKIHYEeCKON AK® >TO# MOCiIen0BaTeIbHOCTH I UACAIBLHOTO
KaHaja CBA3U:

BL
MF. = 'max
®  ACF

TOM IPOXOXKJIECHUSI CUTHAJIOB uepe3 PasieeBckuil KaHall B peallb-
HBIX YCJIOBUAX CBA3H, KOI'/IJa HCKAXXCHUA, BHOCUMbIEC MHOT'OJTy4€-
BbIM KaHaJIOM, 3HAYUTCIIbHO IMPEBOCXOAAT BBIYUCICHHOC 3HAYC-
nue MFg.

= 0.0217, 4TO BHOJHE OMYCTUMO C y4e-
pik

Abs(evel ACF ZC(25,139) NoQ Abs(cycl ACF ZC(25,139) Q=0,1333
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n- number of elements n- number of elements

Puc. 2. Moaynb nuukinnueckoit 4K @ HeKBaHTOBAHHOMW MOCIIE10BATE b~
Hoctu ZC(25,139) (cneBa) U KBAHTOBaHHO
¢ 16 ypoBHAMM KBaHTOBaHHUs (CIpaBa)

2. TocTrpoeHue MaTeMaTH4YecKOil MojeJH mepegavn
CHMBOJIa nocJenoBareabHocTu 3agoBa-Uy ZC(25,139) yepe3
KaHaJj cranaapra EVA.

B cranmapre [8] B pa3zmene «Annex B (normative): Propaga-
tion conditions» mpezacTaBieHbl TaOIMIBI 3aJiepkeKk 1 Kodddu-
LIUEHTOB OCJIa0JIeHNsI CUTHAJA JJIsl TPEX CIIy4aes:

— mns mepenBmwkeHus memexoma — Table B.2-1 Extended
Pedestrian A model (EPA);

— JUISl TIepe/IBIDKEHNST 200HEHTA B TPAHCIIOPTHOM CPEZICTBE —
Table B.2-2 Extended Vehicular A model (EVA);

— Ui aOOHEHTA CBS3U B YCIOBHUSX IDIOTHOW TOPOJICKOW 3a-
ctpoiiku — Table B.2-3 Extended Typical Urban model (ETU).

YuuTbiBas pactyiye noTpeOHOCTH COTOBOM CBsI3M aOOHEH-
TOB B JIBUKYILEMCSl TPAHCIIOPTE, a TAKIKE POCT CKOPOCTHBIX aB-
TOCTPaJ U 5KeJIE3HOAOPOKHBIX JIMHUH, IPOXOJSAIIUX B YCIOBHAX
TOPOJICKOM 3aCTPOWKH, aKTYaJIbHBIM SIBJISETCS BBIOOpP HCCIIE/IO0-
BaHMU Mepeslauu CUTHAJIOB COTOBOMW CBSI3W uepe3 MOJIelb KaHaa
EVA. HccrnenoBanue MpoOBOIUTCS B paMKaX TEXHOJOTMU COTO-
Boii ces3u LTE DownLink(DL) — Hucxopsiee HampaBicHUE
nepenaun — ot HC x mobunsHOMY Toss3oBarenmio (UE) u LTE
UpLink(UL) — Bocxoasiee HampaBieHHE Mepeaadyd — OT MO-
ounpHOro momb3oBarensi k bC. Kpurepmem oneHkn siBisiercs
CpesHee 3HAa4YeHHE M CPEIHEKBAAPATHUECKOS OTKJIOHCHHE BEJIH-
YMHBl OIIMOKH, BBIYMCIIIEMOM KaK pPa3HOCTb MEXKAY COOTBET-
CTBYIOIIMMH 3JIEMEHTAMH PECYPCHBIX CETOK IEPEAaBacMOro H
npunsaToro kagpa B DL u UL HampaBieHusx, 3ateMm o0padaThI-
BaeMoil 1o (opmysaM BBIYHMCICHHS MaTEMaTH4YeCKOIO OXKHJla-
HUSI U CPEJIHEKBAIPATUUECKOTO OTKIOHEHUSI.

BeipaskeHne Ui BBIYMCICHHS MAaTEMaTHUECKOTrO OXKHIaHMs
ciydaiiHoi BennuuHbl X [12]:

2% @)

rJie Xij — 3Ha4YeHHe i-TOH CIIy4alHOW BENHUYUHBI, N — YHCIO CIy-
YJaifHBIX BEJIMYUH B BBIOOPKE.

O1eHKy CpeIHEKBaPAaTHIECKOr0 OTKJIOHEHUS MOXKHO BBI-
9UCITUTh N0 opmynam [12] ams cTaHTAPTHOTO OTKIOHEHHS Ha
OCHOBAHHH OIEHKHU JTUCTICPCHH:

, 3)

IJIe Xj — 3HAUEHHE I-TOU CIy4allHON BEIMYMHBI, N — YHUCIIO CITy-
YaiiHbIX BENMYHH B BBIOOPKE, X — CPeJHEE 3HAYCHHE OIIMOKH
NIPUHSITON pecypcHOl ceTku Kaapa LTE-Texnomorun.

Cpennee 3HaueHUEe OIIMOKU (MaTEMAaTHUECKOE OKUAAHUE) X
B paMKaX CHCTeMBI MaTeMaThdeckoro moaenuposanus MATLAB
BBIYHCISIETCS 10 (opmyiie (2) KaKk yCpeIHEHHOE 3Ha4YCHHE dJIe-
MEHTOB Pa3HOCTHOH MaTpHLBI pecypcHbIX cetok (ErrGrid) me-
penaBaemoro (TxGrid) u mpuarmaemoro (RxGrid) xampa LTE-
texHonmoruu Harmpasnennit DL u UL: ErrGrid=TxGrid — RxGrid.
3necy X = ErrGrid(n,k), rme n — HOMep BpeMeHHO¥ BBIOOPKH
MOJIYJISILIMOHOTO 3JieMeHTa Jn N-TO CHMBOJIa PEeCypCHOH CEeTKH;
k-aHomep mogmecymieit fsc k = k*fse, rme fie=15kI'11 — gacToTHBIH
HHTEpBAI MeX1y mHoaHecyummu B TexHoioruu LTE. Cpenne-
KBaJ[PaTUYECKOE OTKIIOHEHUE BBIUUCIIsIeTCs 1Mo popmyie (3).
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CrpyKTypHasi cxeMa IOCTPOCHHSI MaTeMaTHYeCKOH MOojenn
kanana cBsi3u 1t LTE DL — ma pucynke 3.

Random Generator {5(D}

Frame

H
LTEDL I

\

AL(25,139)_Q, ZCQR5.1L4)_NQ

OFDM Modulate

Lasoie o QPSK —.Immcumi HAWGN

+P/S§

B

Coutrol Iaformation
MIEFGAIEC(25139)_Q) Statlstics
BxWarsform
MIEQGrd(ZC(25,139)_%Q] Caleulate
OFDM ExrGrid= RsGrid | Demodulate
SomalEnGodZCs N Ql | 1.5 —
) beamimq || TsGrid-RaGr +$/P
SigmalExCrdECERIN_NQ] | 312 Symbol-
ZC(28039)_XQ

Puc. 3. CtpykrypHas cxema NOCTPOCHHUSI MAaTEeMaTHIECKON MOJIETTH
KkaHana cBssu it LTE DL

[epenaBaemsrii kaap LTE DL nporpammuo ¢opmupyercst B
9acTOTHO-BpeMeHHOM (opmare: 144f X 140Symbols.B cocras
KaJpa BKJIIOYCHBL: NEPBUYHBII W  BTOPHYHBIA  CUTHAJIBI
(PSS,SSS), pedepencusie curHaibl (RS),mocime1oBaTeIbHOCTS,
bopMEpyeMast TeHEpaTOpOM CIydalHbIX urcel {Xi} U Hcciemye-
Mble mocienoBatensHoctd ZC(25,139) Q — kBaHTOBaHHas ¢
L=16 ypoBHsIMU KBaHTOBaHMS M HEKBAaHTOBAHHAs IIOCIE]IOBa-
tenpHOCTh ZC(25,139) NQ. Kaxaas u3 mocienoBaTeqbHOCTEH
TIOBTOpPSIETCS TSATh pa3 (3aHMMaeT 5 CHMBOJIOB IEPBOrO CyO-
¢peiima kaapa). Onepauun ycpeJHeHus] POBOASATCS 10 5 pea-
JHM3AIMAM MaTPHULBI OMIMOOK mocnenoBarenbHocTell 3amoBa-Uy
B COCTaBE PECYPCHBIX CETOK MEPEIaBaEMOro M MPUHATOTO Kajpa
Moclie MoJydeHust pasHocTHOH Matpuupsl ErrGrid. Chopmupo-
BaHHas YaCTOTHO-BPEMEHHAs MaTpHlia I[epenaBacMoro Kaapa
TxGrid npeobpasyercst U3 mapajielbHBIX YaCTOTHBIX KAHAIOB B
MOCIIeIOBATENIBHBIN BpeMeHHo# curaan TxWaveform u mpoxo-
JUT Tpouenypy ksaapatypHoit monymsuun QPSK. Tlepenasae-
MBIM CHUTHAJIOM MOJYJIHPYETCS CHTHAJI HeCyIled YacTOTHI
(fn=1TTm), noctynaromuii B KaHal mepenayd ¢ PaneeBCKUMHU
3aMHUPaHHAMH M QJUTHBHBIM OenbiM ['ayCCOBCKHUM IIyMOM,
OIMCHIBACMbIl BBIPAKCHHUEM [UIsl 3HAUCHUS] N-OH BPEMEHHOM
BeIOOpKH nepenaBaemoro OFDM-cumBoia [13]:
K-1 j*Z*ﬂ*k*n*To

tx, =tx,, (t.)= ) O *exp(——————@
n sym( n) ; k p( K *TO ) (4)
J*¥2*r*k*n

K )7

K-1
= Z O, *exp(
k=0
rae Ok — 3HaYeHHe MOMAYJIMOHHOIO CHUTHAa K—ToW mojHecy-
meit OFDM-cumBoia, th=n*To,

T 1 B 1
O 2%AF, 2%144%15000

=2,31¥10"¢c

FrameDL

— UHTEpBaJI BPEMEHHOM THCKpeTH3anun i Kaapa ¢ 12 pecypce-
HbIMH O70KaMu (144 MOMHECYIINX, COOTBETCTBYIOMIMX IHPHHE
moockl kKaapa AFrrampL=21600001 1)

PacmipocTpaHeHue paguocUrHana B KaHale CBS3H, YYUTHIBA-
fomee ocirablieHue, 3aMHUpaHus u ApYyrue 3(PQeKTh BIUSHUSA
¢u3ndeckoil cpempl, MOXKET OBITh ONHCAHO PE3YIbTUPYIOIMICH
YaCTOTHOM XapakTepucTHKOM kawamna H(w) wiwm, 4To SKBHBa-
JICHTHO, UMITYJIbCHOM xapakrtepucTtukoii h(t) HekoToporo skBu-
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BasleHTHOTO (hrutbTpa [13]. OcHOBHBIE MapameTpsl (hopMUpOBa-
HUSI IMITYJIBCHOM M YaCTOTHOM XapaKTEPHCTHK 3KBHBAJIEHTHOTO
¢uIbTpa KaHaa CBA3M — 3TO MakCHMaybHas dactora Jlommie-
POBCKOTO CJBUra (MCIIBITAHUSI TPOM3BEJCHBI CO 3HAUYCHUSMH
gactoT Fg =500, 1200, 20011, 270w, 3300, 40011 ¢ y4e-
TOM TOTO, 4TO IMOJJAEPKHUBACTCSA MEPE/BIKCHUE a0OHEHTOB Ha
ckopocTsax nopsinka 350 km/u [14]), npoduin 3anepxek no 1my-
TSIM PacrpocTpaHeHus: — A7 (BETMUUHBI ONPEICISIOTCS CTaH Iap-
ToM EVA), k03 DUIIHEHTHI 3aTyXaHHs [0 MyTSIM PacipocTpaHe-
HUS — o (BeNMYMHBI OMpeensoTcs cranaaptom EVA). Kanan
CBSI3U JIOTIOJIHSIETCS] aJIUTUBHBIM OesibiM ['aycCOBCKUM IIyMOM
AWGN ¢ BemmumHamu otHomreHuit curran/mym SNR=0dB,
20dB. IMpomemmmii yepe3 KaHaJ CBA3M CHTHAN B OOIIEM BHUJE
OTIMCBHIBACTCSI BEIPAKCHUEM:

rX(t) =tx(t) ®h(t) +n(t) (5)

rae rX(t) — npunsTheit curnan, tx(t) — nepenaBaemsblii curaan, h(t)
— UMIyJbCHAsT XapaKTepHCTHKa KaHama, N(t) — aaauTuBHbIA Oe-
nbiii [ayccoBekuit mrym (AWGN)

[Mocne MpoXOoXKACHHs KaHala CBS3W ITOCIEAOBATEIbHBIA BO
BpeMeHHo# obnactu curHan RxWaveform nocrynaer Ha nmpueM-
HYIO QHTEHHY U Jajee, Ha (QUIbTP BBICOKOH YacTOTHI, I/Ie OCBO-
OO’KIaeTcst OT HeCyLel M 3aTeM MPOXOIHT Yepe3 IeMOIYJISTOP
U IpeoOpazoBaTelb U3 NOCIEJ0BATEILHOIO BPEMEHHOTO CHTHAIIA
B MapaJulelibHble KaHAIbHbIC CUTHAJBI OAHECYIINX YacTOT, MO-
JyJIMPOBaHHBIE BPEMEHHBIMH BBIOOPKAMH 3JIEMEHTA IOCIIE0BA-
TenbHOCTH On. C BBIXOJa TpeoOpa3oBaTess MOTydaeM MPUHATYIO
pecypcuyto cetky kaapa RXGrig DL nanpasnenus. [lanee BbI-
YHCIISIIOTCSI TI02JIEMEHTHBIE 3HAYCHUSI OLUIMOKHM B BHUJIE Pa3HOCT-
Ho#t MaTpuisl ErrGrid (puc. 3). B nmporpammuom mozyse Statis-
tic Calculate o dbopmysam (2), (3) IPOU3BOAATCS BBIYUCICHUS
MaTEeMaTH4eCKOro OXKUAAHUSI U CPEeTHEKBAPATHIECKOI0 OTKIIO-
HEHUsI OIIMOKH Ul KBAHTOBAHHOH M HEKBAaHTOBaHHOW MOCIIEO-
BatenpHOCTel ZC(25,139), ¢ mpenBapHTEIbHBIM yCpEIHCHHEM
mo 5 OFDM-cumBonamM, MaTpHUIIBl OIMIMOOK, COJACPIKAIINM pPa3-
HOCTH IIEPE3aHHBI3 M IPHHATHIX PECYPCHBIX CETOK COOTBET-
CTBYIOLINX ITOCIIEI0BATEIEHOCTEH]!

M[ErrGrid(ZC(25,139)) Q] — 3HaueHHe MaTEMaTHYECKOTO
OXKUIAHUS OIIMOKK B MPUHITON KBAaHTOBAHHOM MOCIIEI0BATCIIb-
HOCTH;

MIErrGrid(ZC(25,139)) NQ] — 3HaueHre MaTeMaTHYeCKOro
OXHJAaHHs OIIMOKH B NPHHATOW HEKBAHTOBAHHOW MOCIEI0BA-
TEJILHOCTH;

Sigma[ErrGrid(ZC(25,139)) Q] — 3HaueHue cpejHeKBajpa-
THYECKOTO OTKJIOHEHHs OIIMOKM B HPHHATOH KBaHTOBaHHOM
TMIOCIIEI0BATEILHOCTH;

Sigma[ErrGrid(ZC(25,139)) NQ] — 3nHaueHue cpenHeKBal-
PaTHYECKOTO OTKJIOHEHHMS OIIMOKH B IPHHATONH HEKBAaHTOBAaHHOM
MIOCIIEIOBATEIILHOCTH.

B marpuunoii (opme BEIUHCIIEHHE JJIEMEHTOB pPECypCHOM
cetku ErrGrid Ha ocHoBe opmystbl mprHEMaeMoro curuana (5)
OTHCHIBAETCS B cleayromeM Buae (6e3 yuera BRIOOPOK ITUKIHYE-
ckoro npedukca (LJ/I7) OFDM-cumBoJIOB):

[RX]=[Tx]*[H]+[AWGN] (©)
TOoraa MaTpuia ook

[Err]=[Tx]-[Rx] (7
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rae
tx, X,
tx rx
[x]= 7 P[R]=| 7
o Xy
[0y (0 ATy )0 0
[H]- h(a,Ar) _hy(a,ATy)....0uce 0
| he (@At ). hy (o AT ). hy(aAty)

awgn,

awgn
AWGN = an

s xaxnoro OFDM — cumBona yucio orcyetoB N BO Bpe-
MeHHOM JoMeHe U K B yactoTHOM aomene, npudem N= K=256;
C Y4eToM LHMKIMYecKoro npedukca — mioc 18 orcueros, T.e.
274 BpIOOPKM NpuXoAUTCs Ha nHTEepBai ogHoro OFDM-cumBona
Tsym

Hcnonp3ys MaTpu4HbBIE CTPYKTYpHI (6,7), B cpeme MaTpud-
Heix omepanuii MATLAB mpoBeneHbl MaTpudHBIC BBIYHCICHHUS
0 pe3yJIbTaTaM HUCIIBITAHUN JJIsi KBAHTOBAaHHOW M HEKBaHTOBAH-
Hoi#t mociemoBarenpHocT ZC(25,139).

Pe3ysbTaTsl HecsenoBanmii BiausHust PaneeBckoro kanana
cranaapra EVA Ha 4ncio ook npu npoxo:kaeHUH 4yepes
KAHAJI CBSA3M KBAHTOBAHHOI M HEKBAHTOBAHHON MOCJI10Ba-
TeabHOcTH ZC(25,139) nnsa pa3saMyHbIX BeduduH Jlonmie-
POBCKOI0 CMeIeHHsI 4YaCTOThI.

Hwxe npusenensl Ttabmuusl (tabn. 1, 2) u rpaduku
(puc. 4-6) ¢ pe3ynbTaTaMy BBIYMCICHHUI CTATUCTUYECKUX XapaK-
TEPUCTUK (MATEMATHYECKOE OXUIAHUE U CPEJHEKBajpaThye-
CKO€ OTKJIOHEHHE) KOMIUICKCHBIX BEIMYHMH OIIMOOK THpHU MpO-
xoxaeHnn PameeBckoro kaHana crannapra EVA B HampasneHnn
DL mnocnenoBarensHocThio ZC(25,139) B nByX BapuaHTax HC-
CIIEZIOBAHU: JJI NCXOMHON (HEKBAaHTOBAHHOMN) M KBAHTOBAHHOU
¢ marom Q=0.1333 (L=16 ypoBHeii KBaHTOBaHHsI) MOCIIEIOBA~
TEJIbHOCTEH Ul NPUBEICHHBIX BBILIE YCIOBUH IIPOXOXKACHUS
KaHaja.

O003HaveHUs B TAOJIUIIAX:

— Fyq— JlommuiepoBcKoe CMEIIEHIE YaCTOTHI,

— Abs(M{Xi (NoQ)}) — MOIynp MaTeMaTHIECKOTO OXKH[Ia-
HUSI 3HAYCHUI OMIMOOK JI/I1 HeKBAHTOBAHHBIX AJIEMEHTOB MOCIIE-
nosatensnoct ZC(25,139);

— Abs(M{Xi (Q=0.133)}) — MOmyJib MATEMaTUYECKOTO OXKH-
JIaHUS] 3HAUCHUH OLIMOOK YISl AJIEMEHTOB IOCIIEA0BATEILHOCTH
ZC(25,139) KkBaHTOBaHHBIX Ha IMEPEAOIICH CTOPOHE C IIArOM
kaBHTOBaHMs Q=0.1333;

— Abs(Sig{Xi (NoQ)}) — MomyJib CpeaHEKBaIPATHUCCKOIO
OTKJIOHEHMSI 3HAYCHUU OI_UI/I6OK 11 HEKBAHTOBAHHBLIX 3JICMCH-
TOB mocneaoBatenbHocTH ZC(25,139);

— Abs(Sig{Xi (Q=0.133)}) — MOay/ b CPEAHEKBAIPATHUCCKO-
ro OTKJIOHCHUSI 3HAYCHUH OMIMOOK Ui KBAHTOBAHHBIX AJICMCH-
ToB TocnenoBarenbHoctd ZC(25,139) ¢ miarom KBaHTOBaHMS
Q=0.1333;

— Abs[(M{Xi (NoQ)}) + (Sig{Xi (NoQ)})] — MOIyTH CYyMMBI
MaTEMaTHYECKOTO OKHUIAHUS U CPEIHEKBAIPATHUCCKOTO OTKIIO-
HCHUSI 3HAYCHHUN OIMMOOK U HEKBAaHTOBAaHHBIX JJIEMCHTOB IT0-
cnepoBarensHoctd ZC(25,139);

— Abs[(M{Xi (Q=0.133)}) + (Sig{Xi (Q=0.133)})]- momyb
CyMMbI MaTeMaTudeckoro oxuganusi (M) U cpeHeKBaapaTHye-
CKOTO OTKJIOHEHHs (S) 3HaYeHWH OMMOOK ISl KBAHTOBAHHBIX
asieMeHTOB nocienoBatensHocTH ZC(25,139) ¢ marom KBaHTO-
Banust Q=0.1333;

— [M+Sig(NQ)-[M+Sig(Q))/ [M+Sig(NQ)I(%)L(km/h) —
oTHoIIeHHE B mporieHTax (%), rae [M+Sig(NQ)] — Mmoayib cym-
Mbl MATEMATHYCCKOTO OXXUIAHUS U CPEIHCKBAIPATHUCCKOrO
OTKJIOHCHUS 3HAUCHHI OIIMOOK i1 HCKBAHTOBAHHBIX SJICMCH-
ToB mocienosarensHoctd ZC(25,139); [M+Sig(Q)] — momynb
CYMMBI MaTeMaTH4ecKoro oxumganus (M) U cpenHeKBaapaTHUC-
CKOTO OTKJIOHCHHUs (Sig) 3HAYEHUH OMMOOK JUIsi KBAHTOBAHHBIX
aneMeHTOB TocienoBatensHocT ZC(25,139) ¢ mrarom KBaHTO-
Banus Q=0.1333.

V(km/h) — ckopocTh nepeMeleHusi MOOHIBHOTO MMOJIb30BaTe-
JI5, COOTBETCTBRYTomas Fq.

Tabnuua 1
SNR=20dB DownLink
Fd _ +
(') = = i =_
~ |2 |5 |= = |2z S
5 |15 |2 |2 [BZ g2 |, S5
2 | |2 |@ |25 |95 |=_5%
I F h -2 oL =9t
2 |2 5 |5 |2E|29028%=
= |2 |z |@ 2R 2R |F30 s
Z |2 |2 |2 |Z2|2@|siz:2
< < < < <2 <2 |22=>
50 1.667 | 1.648 | 0.272 | 0.275 | 1.939 | 1.923 | 0,8% (54)
120 | 1.640 | 1.624 | 0.320 | 0.307 | 1.960 | 1.930 | 1,5% (130)
200 | 1.678 | 1.608 | 0.266 | 0.297 | 1.944 | 1.905 | 1,7% 216)
270 | 1.678 | 1.529 | 0.265 | 0.320 | 1.943 | 1.849 | 4,8% (292)
330 | 1.676 | 1.432 | 0.264 | 0.337 | 1.940 | 1.769 | 8,8% (356)
400 | 1.671 | 1.291 | 0.264 | 0.348 | 1.935 | 1.639 | 15,3% (432)
Tabmwuma 2
SNR=0dB DownLink
Fd * * - .
(F') ~ ~ |- |2 |3
= 2 |3 |ax |58
—_ ) = e g -2 |5x
= |z |9 |8 |z=|Tal|f2
4 = 2 ] 2| o@ RS
=] Il zZ o ~ |2~ =
2 | |2 1€ | 225|155
s 12 |lg |la |2R|ZR|Z60
T |z |z |z |FrlEeiil
< < < < <2 |[<? |25 n
50 1.674 1 1.669 | 0.363 | 0.432 | 2.037 | 2.101 -3,13% (54)
120 | 1.713]1.704 | 0.378 1 0.407 | 2.092 | 2.112 | -1,0% (130)
200 | 1.687 | 1.615]0.365|0.464 | 2.052 | 2.079 | -1,3% (216)
270 | 1.689 | 1.548 | 0.366 | 0.478 | 2.055 | 2.026 1,4% (292)
330 | 1.688 | 1.453 | 0.368 | 0.489 | 2.056 | 1.942 5,5% (356)
400 | 1.683 ] 1.318 10.371 |0.493 |2.053 | 1.810| 11,9% (432)

T-Comm Tom 16. #6-2022
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Puc. 4. 'padukn MaTeMaTHIECKOT0 OXKUIAHUS OLIMOKH 2JIEMEHTOB
HekBaHTOBaHHOMU (1,MNQ) 1 xBanTOBaHHO# ¢ marom 0,1333 (2,MQ)
nocnenoBarensHoctd ZC(25,139), a Take cpeHEKBaAPaTHIECKOTO

OTKJIOHCHMSI OLIMOKH JIeMEHTOB HekBaHTOBaHHOH (3,SNQ) 1 KBaHTO-
BaHHOH ¢ marom 0,1333 (4,SQ) nmocnenoBaTenbHOCTH MOCIE TPOXOXK-

nenus PaneeBckoro kanana EVA DL — nanpaBnenus ¢ no6aBieHueM
AWGN: a) SNR=20dB; 6) SNR=0dB

CrpyKTypHasi cxeMa IOCTPOCHUSI MaTeMaTHYeCKOH MOAenn
kaHana cBs3u Wit LTE UL mpoenTtnyna ¢ ydeToM TEXHOJIOTHH
¢dopmupoBanus kagpa SCFDMA u unpopmaimoHHoro odobema
kaapa 144f x 14Symbols. B cocras kaapa UL — HampaBieHus B
JaHHOM HCCIIEJOBAHUM BXOAAT MOCIENOBATEIBHOCTD, (YOPMHUPY-
eMasi TEHEepaToOpOM CITyJallHbIX ducen {Xi} ¥ HcciaeayeMpie mo-
cnepoBarensHoctn  ZC(25,139) Q — kBanroBanHas ¢ L=16
YPOBHSIMM KBaHTOBaHUS M HEKBAaHTOBAaHHAsI IIOCIIEOBATEIb-
HocTh ZC(25,139)_NQ. Kaxnast u3 mocie1oBaTeIbHOCTEH TaKKe
MOBTOpsieTCst TsATh pa3. Onepanyn ycpeIHEeHUs] MPOBOASATCS 10
5 peamm3zanusM MaTpHIBl  OMMOOK  IOCIEAOBATEIBbHOCTEH
3agoBa-Uy B cocTaBe pecypCHBIX CETOK IEPEAaBaceMoOro W MpH-
HSTOTO KaJipa MOcie MOIy4YeHHs pa3HOCTHON Matpuisl ErrGrid.

B Tabmmmax 3 u 4 — pe3ynbTaThl BRIYUCICHUNA CTATHCTHYE-
CKHX XapaKTEepUCTUK (MAaTEeMaTHUECKOE OXHMIAHUE U CpEHe-
KBaJpPaTUIECKOE OTKJIOHEHHE) KOMIIJIEKCHBIX BEJIMYMH OIIHMOOK
Mpu  MPOXOKIAeHUH PoanmeeBckoro kanama craHgaptra EVA B
Hanpasnennn UL mnocnenoBarensHocThio ZC(25,139) B ABYX
BapHaHTaX MCCICJOBAHUI: JUII UCXOMHOW (HEKBAaHTOBAHHON) U
kBaHTOBaHHOW ¢ mrarom Q=0.1333 nist mpuBEAEHHBIX BBIIIE
yCIIOBHI TIPOXOXKAeHUs Kanaina. O0o3HaueHHs B TaOiuIax Te
’Ke, uTO M B Tabmuuax 1, 2.
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Tabmuma 3
SNR=20dB UpLink

Fd | = = == = N
o |_~ |2 =~ |23 |2 | =220
: Bz |2 |7 |2Z |E=C |285T
et gt = b =< S QT \_,_305&
ET L=< s 23 |28 |29 |88 3 e
= (23 |2  |EL |z% Lz |f:z%:
2 Z ZC | Tum|=Tag
< < < + A =
50 | 1.145] 1.138 | 0.557 |0.551|1.702 | 1.689 0,73% (54)
120 | 1.161 | 1.155] 0.559 [0.555|1.720 | 1.71 0,62% (130)
200 | 1.168 | 1.167 | 0.563 [0.553 [ 1.731 | 1.721 | 0,56% (216)
270 1 1.196 | 1.166 | 0.568 | 0.537 | 1.764 | 1.703 | 3,45% (292)
330 | 1.177 | 1.150 | 0.567 | 0.517 | 1.744 | 1.667 4,4% (356)
400 | 1.178 | 1.132 ] 0.561 |0.482 | 1.738 | 1.614 | 7,13% (432)
Tabimna 4
SNR=0dB UpLink
Fd | = = == = o
|z |z (% == |23 |2 L8 2220
2 |BZ |2 |2%Z |22 |£22 (285
< S o et Lhen -—4% S QAT %E’DZ&
= SRS 23 |2g |29 |25 E =
s 2L |2 EL |52 |8F 2 |$La<
Z ez =2 |2 |<o% (2248
< Z 25 5| =5
50 [1.465]1.401 | 0.744 |0.738 | 2.21 | 2.140 3,15% (54)
120 1 1.473 1417 | 0.747 |0.742 | 222 | 2.159 | 2,73% (130)
200 [1.479|1.425| 0.750 |0.739 | 2.23 2.165 | 2,92% (216)
270 [1.484| 1.42 | 0.752 | 0.732 | 2.24 | 2.154 | 3,67% (292)
330 [ 1.487]1.411 ] 0.753 |0.725| 2.24 | 2.135 | 4,67% (356)
400 [1.503]1.437| 0.744 | 0.71 | 2.25 | 2.145 | 4,54% (432)
UL, SNR=204B M[EnGrid_NQ-1L,M{EnGrid_Q}-2
Sigma[ErrGrid_NQJ-3,Sigma[ErrGrid_Q]-4
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1,1} ] A
it
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Puc. 5. I'padyixy MaTeMaTHUECKOrO OXKUAAHUS OIIHOKH DIIEMEHTOB
HekBaHToBaHHOM (1,MNQ) 1 kBanTOBanHO# ¢ marom 0,1333 (2,MQ)
nocaenosatensrocTn ZC(25,139), a Takke CpeIHEKBAAPATHYCCKOTO

OTKJIOHEHHMSI OLIMOKH 2JIEMEHTOB HekBaHTOBaHHOH (3,SNQ) 1 KBaHTO-
BaHHOH ¢ marom 0,1333 (4,SQ) nocnenoBaTeIbHOCTH MOCIHE TTPOX0XK-

JICHUS

Paneesckoro kanana EVA UL — HanpaBiieHus ¢ 1o0aBieHueM
AWGN: a) SNR=20Db; 6) SNR=0dB
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W3 tabnui u rpag kOB pe3yIbTaTOB UCCIICAOBAHUI CIeIyeT,
YTO NPHU YBEIMYEHHH CKOPOCTH JBMKEHHSI MOOMIILHOTO MOJIB30-
BaTesst (T.e. HOBBINICHHH YacTOThI J[OMIUIEPOBCKOTO CMEIICHHS)
Cpe/iHsisl BEMYMHA OINMOKM DJIEMEHTOB IPUHSITOW KBaHTOBAH-
HOM MOCJIEIOBATEIILHOCTH

ZC(25,139), pacreT MeICHHEE MO CPAaBHEHHUIO CO CpPEIHCH
BEIMYMHON OIMIMOKH DJIEMEHTOB NPHUHATON HEKBAHTOBAHHOM
nocienoarenbHoctd ZC(25,139). OnmHako BeNWYHMHA CPEIHE-
KBaJ[paTUYeCKOr0 OTKJIOHEHHsS, YCPEIHEHHAas [0 JJIEMEHTaM
MPUHATHIX TOCIEI0BATEIBHOCTEH, C MOBBIIICHHEM YacTOThI Fy
yBEJIMYUBACTCS ObICTpee Ul KBAaHTOBAHHOH I0CIEI0BATEIbHO-
ctn ZC(25,139), X0T CKOpOCTh BO3pacTaHMsl CPEAHEKBAIPATH-
YECKOT0 OTKJIOHEHHMsI ONIMOKH KBAHTOBAHHOM MOCIIEI0BATEIIHLHO-
CTH HIDKE CKOPOCTH BO3PACTAHUSI CPEIAHEr0 3HAUEHHsS OIIMOKH
9TO MOCJIEI0BATEIBHOCTH.

B nannoii pabore npejiaraercs BHIYUCIUTh OTHOCUTEIBHYIO
Pa3HOCTh CyMMapHbBIX 3HAYCHUI MAaTEMATHUYECKOTO OKUJIAHHS U
CPEHEKBAIPATHYECKOTO OTKJIOHEHHS BEJIMUUH OIIMOKHU dJIeMeH-
TOB Il HEKBAHTOBAHHOW M KBAaHTOBAHHOM 1TOCIIEI0BATEIEHOCTH
ZC(25,139), BoIpaxkeHHOE B IPOLIEHTAX:

(M +Sig)_NQI-[(M +Sig)_Ql,,
[(M +Sig) _NQ]

Relation|Sum{(M+S)NQ}-Sum((M+SHO I Sum{(M+SIN Q) %
SNE=I0dB - 1, SNE=dE - 2 DL

KErr =

A5
20 -
i3

20+ 1

15+ J

se 120 200 270 330 a00 THES
a)

Relation[Sum{{M+S)NQ) Sum{{M+SHO I Sum{(M+SINGQ)) %%

SNR=204B - 1, SNR—04B - 2 UL

1

50 120 200 270 330
0)

40 FacEs)

Puc. 6. OTHOCHTEBHAS PA3HOCTh CYMMAapHbBIX 3HAUCHHI MaTeMaTHUC-
CKOTI'0 OXKHJIaHUS U CPEJHEKBAPATUIECKOr0 OTKJIOHEHUS BEIUYHH
OLIMOKH 2JIEMEHTOB ISl HCKBAHTOBAHHOM M KBAHTOBAHHOM I1OCJIE/I0BA-
tenbHOCTH ZC(25,139), B ipouieHTax: a) ans DL-HanpaBieHus;

0) st UL-HanpasneHus nepegadu

B rtabmumax 1...4 310 cronbmer Abs[(M{Xi (NoQ)}) +
(Sig{Xi (NoQ)})], Abs[(M {Xi (Q=0.133)}) + (Sig{Xi (NoQ)})]
u [M+Sig(NQ)]-[M+Sig(Q))/ [M+Sig(NQ)](%)V (km/h)

[To momy4YeHHBIM JaHHBIM MOCIETHUX CTONONOB Tadmui 1...4
(BeIpakenwue (8)) moctpoeHs! rpaduku Kerr B 3aBHCUMOCTH OT Fq
(puc. 6).

HccnenoBanue MNpOXOXK/ICHHS KBAaHTOBAHHBIX MOCIIEI0BA-
TtenpHOCTeH 3amoBa-Uy uepes3 PaneeBckuii kaHall CBsI3U B Bapu-

aHTE IUJIOTHOM TOPOJCKOW 3acCTpOMKM MPEJCTAaBICHO B CTaThe
[15].

3akjaouenue

Pe3ynbTaThl IPOBEAESHHOTO MCCIIEAOBAHMUS IO MTPOXOXKICHHIO
kagpoB TexHonoruu LTE DL, LTE UL, cogepkammx mo 5 xkBaH-
TOBaHHBIX C maroM kBaHToBaHWsA =0.1333 u 5 HexkBaHTOBaH-
HBIX mnocnenoBarensHocTedt ZC(25,139) uepes mozpens Panees-
CKOTO KaHaja CBs3M CTaHmapta npoduieit 3agepsxek EVA ¢ mo-
OaBneHHEM aIAUTUBHOrO Oenoro l'ayccoBckoro Imryma mpu
SNR=20dB, 0dB, no3BoJs0T c/ienaTh CIeIYIOINe BEIBOIbL:

— NPH YBEJIMYEHHH 4acTOThl JIOMIIIEpOBCKOrO CMEIEHHUS B
quanazone Fg = 50I1...400I'n cpexnee 3HaueHue (MaremMaTuye-
CKO€ OKHMJIaHWE) OIIMOOK JIIEMEHTOB Iepe/laBaeMbIX M10CIe0Ba-
TEJIFHOCTEH B Cllydae NMpeBapUTENIbHOM onepanny KBaHTOBAHHS
BO3pacTaeT MeJUICHHEEe, YeM JUIsi HEeKBAaHTOBAHHOM IOCIIEHOBa-
TEJILHOCTH;

— 3HaYCHHE CPEAHEKBAIPATHUECKOTO OTKIOHECHHUS OIIMOKH
JUIS KBAaHTOBAHHOW ITOCIICOBATEIBHOCTH TPU yBeImueHHH Fq
BO3pAcTaecT HECKOJIBKO OBICTpee, UeM Ui HEKBaHTOBAHHOM IT0-
CJIE/IOBATENIFHOCTH, HO CyMMapHO€ 3Ha4eHHe MaTeMaTH4eCKOro
OXUAAHUA U CPEAHCKBAAPATHUYCCKOIO OTKIIOHCHUA OI_HI/I6KI/I JJIs1
KBAHTOBAaHHOM IMOCJICA0BATCIIBHOCTU C POCTOM Fd YBEJIUYNBACT-
csi MeJUICHHee, 4eM Uil HEKBAaHTOBaHHOH (cM. Tabm. 1-4,
puc. 4,5);

— MEPEYNCIICHHBIC BBIIIE BBIBO/BI IIPABOMEPHBI KaK JJIsl HHC-
xomsmero (DL), tak m anst Bocxopsmero (UL) nampaBienuit
nepesiauu nocnenosaresibHocT ZC, 3a HCKITIOYEHUEM pe3yJbTa-
ToB uccienoBanuii B DL nanpasnenun npu SNR=0dB B nuamna-
3oHe m3MeHeHuit F¢=50I'm....200l'm. B sTOoM amamazone mpwm
YKa3aHHBIX YCIOBHIX ITPOBEACHHUS HUCCIICAOBAaHMI KBAaHTOBaHHAS
MOCJIEI0BATENILHOCTD TIPEUMYIIECTB HE UMEET (CM. TadiI. 2);

— YHCJIGHHOE 3HA4YCeHHWe, HAIJBITHO XapaKTepu3ylollee Ipe-
HMYIIECTBO KaHTOBaHHOW mocienosatensHoctd  ZC(25,139)
nepesl HEKBAaHTOBAHHOM, HEJIMHEHHO BO3pacTaroliee C POCTOM
JIoNIIepoBCKOro CMEUICHUsI 4acTOThl, OCOOCHHO B JHama3oHe
Fq=330T"11....400T' 1, otpaxeno koddduiuenrom Kgrr B BbIpa-
xeHun (8) m rpadukamu (puc. 6) — 3TO OTHOILICHUE PA3HOCTH
CYMM MaTeMaTHYECKOTO OXHIAHUS M CPEIHEKBAIPATHIECKOTO
OTKJIOHCHUS BEJIMYMH OIIMOOK HEKBAHTOBAaHHOW W KBAHTOBAaH-
HOM mocnenoBarensHocTed ZC(25,139) k cymme maremaTiye-
CKOTO OXHJIAHWS M CPEIHEKBAIPATHUECKOTO OTKIOHECHHUS BEJH-
YUHBl ~ OMMOKM  HEKBAaHTOBAHHOW  ITOCIIEIOBATEIHHOCTH
ZC(25,139), BbluKCcIeHHOE B TpOLeHTaX. [IpenMyIiecTBo KBaH-
TOBAHHOM TOCIE0BATEIIFHOCTH OCOOEHHO BBIPAKEHO IMPH Tepe-
nade kaapa B DL manpaiennn B quanazone Fq=330I1...4000 11
(tabn. 1, 2; puc. 6a)), 4YTO aKTyaIbHO C YBEJIMUYCHHEM YHUCIIa CKO-
POCTHBIX Tpacc ABMKEHUsI B 30HaX TOPOACKOM 3aCTPOHKH.
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APPLICATION OF QUANTIZATION OF MULTIPHASE SEQUENCES TO INCREASE
THE EFFICIENCY OF THEIR RECEPTION AND PROCESSING IN LTE TECHNOLOGY

Tatiana P. Kiseleva, Moscow Technical University of Communications and Informatics (MTUCI), Moscow, Russia,
golzev201 | @yandex.ru

Abstract

TexHonorua cotosoit ceasu LTE (Long Term Evolution — gonroBpeMeHHoe pa3suTne) — cTaHAapT MOGubHOM cBA3n 4G NOKONEHUsA, B KOTOPOW aKTMBHO
UCMNOSb3YIOTCA MHOrodasHble KOMIM/EKCHbIE MOCIEA0BaTENbHOCTA C XOPOLUMMUA KOPPENALMOHHBIMA cBOMCTBaMU. Ha aneMeHTax mocnegoBatensHocTel
3aposa-Yy (ZC(25,62), ZC(29,62), ZC(34,62)) nocTpoeH NepBUYHBINA CUHXPOCUIHA HACXOAALLEro KaHana oT Kk 6asosoii ctaHumn (BC) k nonb3osarento.
MocneposarensHoctn ZC annHoit 139,839 sneMeHTOB McMoONb3yOTCA 418 MOCTPOEHUA NpeaMbByn Cily4aliHOro A0CTyna, Ha nocnegosarensHocTax ZC anu-
HOM, KpaTHOM |2 aneMeHTaM, NOCTPOeHbl pecepeHcHble curHabl (3oHAupYytowmii — SRS n aeMmoaynuposaHHbii — DMRS) paznuyHoi givHel B BOCXoAsA-
LL|eM Hanpas/ieHUn nepesladn — oT MobunbHoro nosnbsosatens k BC. MHorodasHele nocnie0BaTeNLHOCTY OYeHb HyBCTBUTENbHBI K ha30BOMY LUyMy, UMe-
IOLLIEMY PaBHOMEpHOE pacrpejesieHue MIOTHOCTU BepoATHOCTU B uHTepBasie [0...21] pagmaH PaneeBckoro kaHana cBA3W, a Takke (asoBble UCKAXKEHWUA,
cBA3aHHble ¢ MexKaHanbHoi uHTepdeperumenn (ICl). PasoBbiii LWyM HapyllaeT OPTOroHaNbHOCTb CUH(A3HOW U KBAAPATypHOM KOMMOHEHT CUrHasa.
YeM MeHbLLUe 3Ha4eHU yrnoBbix BennunH Ha NZC aneMeHTax nocnefoBaTeNibHOCTH, TEM MeHbLLE YUCIIO LaroB 06paboTku A5 NonyyeHWs pesynbTaTta 3a-
[laHHOM TOYHOCTU MPUGAVIKEHUA K STanoHHOM (NepeAaBaeMoil) nocneaosatensHocTu. KpoMe Toro, B oblueM ciyyae, OTIMYME ABYX CMEXHbBIX S/IEMEHTOB
OyneT YmcneHHo Gonblue Npy MeHbLUeM pazHOObpasumn asoBbIX YINIOB 3/IEMEHTOBR MOCNEA0BATENIbHOCTY, YTO MOBBILLIAET MOMEXO3ALLMLLEHHOCTb, 3 dek-
TUBHOCTb 1 CKOPOCTb 06paboTKM NpUHMMaEMOii NOCeA0BaTENbHOCTH.

Keywords: LTE technology, multiphase sequences, Zadoff-Chu sequence (ZC), quantization, quantization step, signal-to-noise ratio (SNR)
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