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Pedepar. HMccnenyrorcss B3aMHO KOpPPENALMOHHBIE CBOWCTBAa M JIMHEHHAs CIIOKHOCTh — KJIACCOB JIBOMYHBIX IICEBJOCITYyYalHBIX
0CTIeJOBATEbHOCTEH 3HAYHOCTH 127 Ha OCHOBE COBEPIICHHBIX Pa3HOCTHBIX MHOXKeCTB. JlaeTcs omeHKa S()(HEKTHBHOCTH MX MCIOIB30BaHHS B
cucremax cBszu ¢ CDMA.

Jms cucteM CBSI3W C MHOTOCTaHIIMOHHBIM JIOCTYIIOM C KOJOBBIM pazjaencHueM kananoB (CDMA )
Tpebyercs, YTOOBI HCHONB3yeMblE B HHX KOJOBBIC  MOCJIEAOBATEIPHOCTH HMEJNH  Majble  3HAYCHUS
ABTOKOPPEISAIMOHHBIX U B3aMMHO-KOppelsnoHHbIX QyHKIMH (AKD® 1 BK®). Cpeny TBOMYHBIX MCEBIOCTYYaHBIX
mocnenoarenbHocTeit ([ICIT) 3maunoctm 127 Hambonee w3BecTHBI m-mocnenoBarensHoctd u IICIT Tompa,
KOPPEJSLOHHBIE CBOMCTBA KOTOPBIX JIOCTATOYHO IMOAPOOHO MccienoBanbl B [1]. OgHako mpH AaHHOM 3HAYHOCTH
N=127 cymiectByet MHOTO npyrux xiaccos IICII, nmeromux Takue sxe 6JIM3KHE K HaeanbHbIM nepuonuueckne AKD
(ITAK®), uto m m-nocnenosarensHoctd. K HuM otHOCsATCs [ICII Ha OCHOBE pa3nMyYHBIX KIACCOB COBEPIICHHBIX
Pa3HOCTHBIX MHOXKECTB ¢ mapamerpamu v=127, k=63, A=31 [2], 111 KOTOPBIX BCe HeraBHble 3HaueHus: ITAK® paBHBI
B=v-4K -A) = .

KoMrmakTHast 3amHCh COBEPIICHHBIX PAa3HOCTHBIX MHOXKECTB ¢ mapamerpamu v=127, k=63, A=31 npuBezaeHa B

Ta6mune 1. 3aecy OykBamu A, B, C 0603HadeHbI pa3HOCTHBIE MHOXecTBa bomepa-Dpunpukcena [2], a OykBamu S,
L, H cooTBeTcTBEeHHO pa3HOCTHBIE MHOKeCTBA 3uHTepa, JIexanapa u XoJa.

Tab6muma 1
Pa3znocTHble MHOKecTBa (127,63,31)

BBIYETHI q;

5 7 9 11 13 15 19 21 23 27 29 43 47 55 63
S 1 1 1 1 1 1 1 1 11
H 1 1 1 1 1 1 1 1 1
A 1 1 1 1 1 1 1 1 1
B 1 1 1 1 1 1 1 1 1
C 1 1 1 1 1 1 1 1 1

Envnnnamn B COOTBETCTBYIOMIEH CTPOKE OTMEYEHBI TE€ BBIYETHI () B TEPBOH CTPOKE TaGIMIbI, KOTOPBIE
Y4acTBYIOT B 0Opa30BaHHM COOTBETCTBYIOLIErO NAHHOW CTPOKe MHOXKeCTBa 10 mpasmiy o) 2, 0<i<6modl127.
Kosdpuuuentos 0 Bcerna 9 msg mo0oro MHOXKECTBa M OHM 00pasyroT k=9-7=63 Beruera. Bee 18 msomMopdHBIX
MHOXECTB KaXXJOTO SKBHBAJICHTHOTO Kilacca OOpa3yroTCs MOCIEIOBATEIFHBIM YMHOKECHHEM Ha MEPBOOOpPA3HBIN
kopens 3 mod 127 no npasuiy {Q; }3k , 1=k<18, kpome mMHOMKECTBa XOIUIa, KOTOPOE UMEET TONBKO 6 M30MOP(HBIX
MHOKECTB {0 }3k , 1<k<6. MuoskectBO Jlexanapa obpasyercst o npocromy npasuiy o) =9', 0<i<62 mod127 u umeer
TOJILKO JTBA H30MOP(HBIX MHOXKECTBA — IPSIMOE U 0OpaTHOE.

Takum 00pa3oM, CYIIECTBYIOT 2 H30MOP(HBIX pPa3HOCTHBIX MHOXecTB  JlexaHnpa, 6 u30MOpQHBIX
Pa3HOCTHBIX MHOXECTB XoJuia U 1Mo 18 n30MOp(dHEIX pa3HOCTHBIX MHOXKECTB B Kiaccax 3uHrepa, A, B u C, T.e. Bcero
80 wmHuoxectB. IlceBmociydaiiHble MOCIIETOBATENILHOCTH ABOMYHBIX CHMBOJIOB “1”m “0” 00pa3yroTcsi 3ammchio
CUMBOJIOB “0” Ha TO3HIUIX, COOTBETCTBYIOIINX 110 HOMEPY BBIYETAM PAa3HOCTHBIX MHOXKECTB, U 3aIACHI0 CHMBOJIOB
“1” Ha Bcex octanmbHBIX (127-63)=64 mo3umusax. O0pazoBanHbie TakuM criocobom TICIT kmaccoB A, B, C u3BecTHBI
eme Kak TocienoBaTeNbHOCTH bomepa-Opunpukcena. Ilpu  sTom MOCIIEZIOBATEIPHOCTH  KJIacca 3WHTepa
OKa3bIBAIOTCS MICHTUYHBIMHU M-TIOCIICI0BATEILHOCTSM 3HAYHOCTH 127.

HHaTepecno, uro B otiamune oT knacca S TICIT xmaccoB L, H, A, B u C HenmHEHHBI M UMEIOT JHHEHHYIO
CJIOXHOCTh, TIPEBBHINIAIONIYI0 JUHEHHYIO CIOXHOCTh M-TIOCIIENOBATeIbHOCTEH 3HAYHOCTH 127, Ui KOTOPBIX OHA
paBHa 7. HamoMHMM, 9TO mapaMeTp JIMHCHHOW CIIOXHOCTH IOCIICAOBATEIBHOCTH, BBEJCHHBIA IS OLCHKH CTCIICHH
HETPEACKa3yeMOCTH CUMBOJIOB TOCIEIOBATEIFHOCTH, YHCICHHO PaBEH JUTHMHE 3KBHBAJCHTHOTO PETHCTpPa CIBUTA C
JUHEWHOU OOpaTHOM CBA3BIO, MOCPEACTBOM KOTOPOTO MOXKET OBITH C(POPMHPOBaHA JaHHAS MOCICIOBATEIEHOCTE [3].
[To3TOMy, NOBOJBHO NPHUBICKATEIFHBIM MOXET CTaTh ucnonb3oBanue 3tux [ICII B kauecTBe Oa3WUCHBIX ISt
re"epanuu [ICIT GMW [4], Tak kak nuHeiHas cinoxkHocTh y Takux [ICIT GMW, kak MOKa3bIBalOT pacueThl, B LIEJIOM
okaszpiBaeTcs Ooubine, yeMm y [ICIT GMW Ha ocHOBe 6a3ucHBIX m-mociienoBaTenbHocTeld [5]. K ToMy e cormacHo
[6] npumenenne [TICII kmaccoB L, H, A, B, C B kadectBe 6azucubix mans renepamuu [1ICIT GMW 27J, rae J=2,
TIPUBOJIUT K CYIIECTBEHHOMY yBenuueHuto obmiero uncia [ICTT GMW.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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IICII cumBoJioB Jlexanapa — IICII L.

IICIT L o6pasytor cambrii manomorunsiii kinace [ICII ¢ aByxyposuesoii I[TAK®, cocrosmuit n3 asyx I1CII:
MPSAMOM ¥ OO0PaTHOW, CUMBOJIBI KOTOPBIX OOAaAlOT CBOWCTBOM 3€pKaIbHO-WHBEPCHOW cMMMeTpuu. Ha ocHOBaHWH
ATOTO CBOWCTBA TOIYICHO CIIEAYIOIIee TOYHOE BhIpakeHue s mukoBoro 3HadeHus [IBK® TICIT L.

6.=N-2 (@
rae N — sgaunocts ITICII.
Tak, manpumep, ams N=127, 902125. Otcrofa HOPUXOAMM K BBIBOJY O HEBO3MOXKHOCTH COBMECTHOTO

ucnons3oBanus AByx IICII L B cuctemax CDMA. C apyroif CTOpOHBI, KOMIBIOTEPHBIHM aHAIN3 MOKa3al, YTO Cpeau
Bcex m3BecTHBIX 80-tu IICII ¢ mByxypoBHeBbIMH [IAK® IICII L o0nasaroT HaWIydIIMMH KOPPEISHHOHHBIMA
napameTpamu aBroontuMmaibHocTH (AO), BBeeHHBIMH B [1].

JleicTBUTENBHO, JUI1 HUX CyllecTByeT Takod AQO-cIBUT, IpU KOTOPOM IHKOBOE 3HAUYEHHE HEYETHOU

(Meanapo-unBepTHpoBanHOil) AKD pasro 0 1o =13, npu stom sHeprus Gokobix nenectkoB S=1491. Jipyroii He

MeHee BaKHOH 1o 3Haunmoctu ocodennoctsio IICII L seasercs nx BK® ¢ I1CII S. Ha xomnbrotepe ObUIN MOJTy9YeHBI
pe3ynbTathl, Mo KoTopbiM mukoBbie 3HaueHus [IBK® IICII L ¢ m-mocnenoBarensHocTsmu (kiaace [ICIT S) s oxHo
nonoBuHbl TICIT S cocraBnsier 17, a s npyroil - COOTBETCTBEHHO 19. DTO 0OCTOATENHCTBO JieNaeT BO3MOKHBIM
c(OopMHpPOBaTH MHOKECTBO M3 CEMH IOCienoBaresbHOCTel, cocrosmee n3 6-ti [ICII S MakcMManbHOTO CBSI3HOTO

mHoxecTBa U oaHo# TICII L ¢ mukoBeIM 3HaUYe€HHUEM 90219, npuueM B 85% cilydasix 9To 3HaueHue paBHO 17. 3mech
YMECTHO 3aMETHUTh, 4TO mpom3BoiibHOe MHOXecTBO [ICIT S mepuonma 127 u3 7-mu u 6omnee IICIT xapakrepuszyercs

CpPaBHUTCIIBHO OOJIBLIINM IMUKOBBIM 3HAUECHHEM B3aHMHOI KOoppeIauun ec =41.

IICII xnaccoB A, B, C.

Buytpn xaxmoro kmacca IICII BBemem nymepammio, npu kortopoir IICII ¢ nHomepom k Oyzmer
COOTBETCTBOBaTh M30MOP(MHBIA KO3 PHUIIUCHT 3*mod127. MoXHO MOKa3aTh, 4TO B 3TOM Clyyae MaTpHlla MUKOBBIX
3HadeHuit Py [IBK® nns kaxgoro takoro knacca 6yaeT oOnagaTh CleqyloIUM 3aMeuaTelbHbIM cBoiicTBOM. Kaxas
HoCIeyIomas CTPOKa KOPPENSALMOHHONM MaTpulbl Pj ABIAETCA LUKIMYECKMM CIBMIOM BHOPABO €€ HPEABLAYIIECH
crpoku. Takum 0Opa3oM, Bce CTPOKH MAaTpHIIbI, HAUYMHASI C IIEPBOM, MOTYT OBITH ITOJYYCHBI M3 HYJIEBOH, IPH 3TOM
J0CTaTOYHO BBIYMCIIUTH TOJIBKO IIEPBBIE €€ 9 5IIeMEeHTOB. B Tabnuie 2 npuBeIeHbl HYJIEBbIE CTPOKH MaTpulb! Pjj s
kaxgoro kmacca A, B,C, a rtawke mna ximacca [ICIT S, wmMmeromero ToT ke caMblii HabOp HW30MOPQHBIX
K02 HUITUEHTOB.

Tab6muma 2
Iuxosbie 3navenuss IBK® IICII kaaccos A, B, C, S.

j 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
I)A 127 23 23 23 23 41 27 41 23 25 23 41 27 41 23 23 23 23
0j

I)B 127 23 29 21 25 25 41 31 27 27 27 31 41 25 25 21 29 23
0j

I)C 127 41 41 25 23 19 17 23 41 43 41 23 17 19 23 25 41 41
0j

I)S 127 17 17 17 17 17 41 41 41 21 41 41 41 17 17 17 17 17
0j

W3 ananusa sTol Tabnuipl ciemyer, uTo mpu Beibope nmoamuoxkectB n3 9 I1CII knacc A okasbiBaercst Ooree
MIPEATIOYTUTENBHBIM, T.K. TP 3TOM TapaMeTp 96227, Torma kak as kiaccoB B, C u S 90241. IIpoBeneHHbIe Ha

KoMIptoTepe pacuerbl NUKOBbIX 3HadeHui [IBK® map TICII, B3ATBIX M3 pa3iu4HbIX KJIACCOB, NPUBOIAT K
cnenytomemMy BbiBoAy. KomOunammm IICII w3 pasamusbeix kmaccoB A, B, C, S o6pasytor muoxectBa IICIT c

OOJIBIIMMHY 3HAYCHUSIMU 90, uyeM y TICII ucxoansix knaccos. IIpu atom muoxectBo u3 36-tu IICII xnaccoB C u S

HUMCET NapaMeTp 90243, B TO BpEMI KaK MHOXCCTBa HCH, COCTaBJICHHBIC COOTBCTCTBCHHO M3 KJIaCCOB

ANB, ANC, BNC, ANS, BMNS o6nagator cpaBHATEIbHO OONee XYAUIMMH  [apaMeTpamMu 0,

c
JIOCTUTAIOIINMH 3HaYeHnH 69+71. IHTepecHO OTMETUTH, YTO B3aUMHOKOPPEIISIIUMOHHBIN MapamMeTp 60 IICII L c TICIT
kiaccoB A, B, C coctaBisgeT coorBeTcTBeHHO 43, 29 1 27.

Jns Gonee monHOTro mpezcraBineHus koppensunoHHbIX cBoicTB IICIT xiaccoB A, B, C nenecoobpasno
paccmoTtpeth ux HedetHble [IBK®. U3BectHO, uTo HeuetHhie BK®D Tak ke kak 1 AK® 3aBuCAT OT BRIOOpa CIBHUIOB

KOppEIUPYEMbIX TICII. I[J'IS[ HaXOXACHUSA ONTHUMAJIbHBIX CABHUIOB, MHWHUMH3UPYIOINUX 3HAYCHUC QC OblL1a

WCTOJB30BaHa KBa3WONTHMATbHAs TpoleAypa THoucka. B Tabmume 3 (BepxXHsSS YacTh OT JWATOHAIM) IPUBCICHBI
3HaueHus: mnuKoB HeueTHoW BK® ans mnocnenoBatenpHOCTEM Kiacca A MpU  ONTUMAaJbHBIX — CABUTaX,
MUHUMH3HPYIOIIAX O3TH 3HaYeHHus. COOTBETCTBCHHO, B TaOnwmie 3(HIXKHSAS YacTh OT JWATOHANH) IPUBCICHBI
3Ha4YeHHUS MUKOB HeueTHOoH BK® 1t aBTOONTHMANIBHBIX CABUIAX 3THX MOCIAEAOBATENbHOCTEH. 13 TabmuIsl 3 BUIHO,
YTO CYUIECTBYET MMOJAMHOXKECTBO U3 14 mocieaoBaTeabHOCTEN Kilacca A cO 3HaYEHUEM KOPPESILIMOHHOIO IapaMerpa
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QC =33. s cpaBuenus npu AO caBurax ajs 3Toro e noamuoxkectsa [TCIT QC =43. B uenom xe msa [1CIT kimacca

A 5TOT mapaMmeTp IpHU ONTHUMAIBHBIX U aBTOONTUMAIBLHBIX CABUraX COOTBETCTBEHHO paBeH 35 u 47. 3aMeTuM, 4TO
[ICII knaccoB B, C u S npu AO-ciBurax o6iagaroT IpEMEpHO TaKUMH ke 3HaueHHsIMH BK®, 4ro n knmace A.

Tabiuma 3.
ITuxoBeble 3HayeHus HeueTHLIX BK® IICII ki1acca A npu oNTHMAJBLHBIX M ABTOONTHMAJBLHBIX CIBUrax

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0 25/21 31 29 31 29 33 31 29 31 29 29 33 33 31 31 31 33 31
1 33 19/17 33 31 23 33 33 27 31 27 27 29 31 33 33 27 29 27
2 27 25 21/19 29 33 27 31 29 31 33 29 27 29 31 27 33 31 29
3 39 33 37 17/17 31 31 33 29 31 31 33 31 31 35 27 31 33 29
4 27 25 39 31 21/21 33 29 29 29 31 31 29 27 33 31 27 29 27
5 31 29 29 27 35 21/19 25 29 29 27 31 31 31 35 35 25 33 29
6 37 41 31 31 39 35 21/19 29 29 31 33 35 35 31 29 29 31 31
7 27 27 35 27 25 43 27 23/19 31 27 31 31 35 35 29 31 29 31
8 27 29 27 39 29 29 31 37 21/17 31 27 27 33 31 31 27 29 25
9 41 29 31 35 37 35 35 35 31 23/21 29 27 27 29 33 33 31 27
10 29 41 29 29 31 33 29 27 31 33 29/17 35 35 29 27 31 31 31
11 31 29 47 29 27 39 35 27 35 27 25 23/19 29 27 35 31 35 29
12 35 29 29 43 25 31 27 31 31 39 33 37 25/17 29 35 33 29 27
13 37 31 27 25 43 31 33 25 33 27 25 39 31 25/21 23 31 33 33
14 35 33 39 31 31 43 27 35 27 31 29 29 27 35 33/19 33 33 33
15 35 29 35 27 33 27 43 29 31 37 41 31 31 39 35 23/19 33 29
16 35 27 27 31 25 35 29 47 31 27 27 35 27 25 43 27 31/19 29
17 31 31 35 31 33 27 31 31 37 27 29 27 39 29 29 31 37 21/17

ITocnenoBarenbHOCTH X014,
AHaJOTUYHO TpeapayImeMy, Tpu cooTBeTcTBytomiedt uymepamuu [ICIT H cTpoku KoppensiuoHHON
matpuipl P TIBK® MoryT ObITE HOMyYeHBI M3 HyJIEBOH MOCPECTBOM €€ LUKINYECKHMX CIBUIOB BIPaBO. OTa CTPOKA
HUMEET BUJ:

0 1 2 3 4 5

127 41 41 43 41 41

Hawmu noxazaHo aHanMTHYECKH, YTO HanOoubIas HIbKHS rpanuna Makcumyma [IBK® I1CIT Xomna paBHa

0
e=(N+2)/3 2
YTO W TOJTBEPAWIT KOMIBIOTEPHBIA pacdeT st N=127. JIOMONHUTEIBHO K 3TOMY OBUTH Takxke uccienoBanbl [IBKD

IICIT H c¢ TICIT ocTampHBIX KiaccoB. B pe3ynprare OBLIO YCTAaHOBIEHO, YTO HaWOOJee IMPEeAOYTUTEIbHBIMI

sisitoTest coueranus [ICIT H ¢ IICII knaccoB B u S, 11 koTopbIx napamerp Gc He MpeBbIIaeT 3HaueHus 41, Toraa

Kak codeTaHue ¢ kinaccamu A u C garor Gc =69. Kpome toro, s [1ICIT H Obutm Taxke uccienoBanbl HeueTHbie BKO

npu AO u onTUManbHBIX caBurax. Okas3anochk, 4To B IEPBOM CIydae ec =47, aBo Bropom - 29.

Jluneiinast cioxuaoctsb IICII kaaccos S, L, H, A,B, C
B nemaBHO omyOmmkoBaHHOW pabote [7] ObUTO TOKa3aHO, 4TO mociemoBaTenbHOocTH A, B, C sSBISIOTCS
YaCTHBIM CJIy4aeM MpU N=7 TpeX HOBBIX CEMEHCTB MOCIEAOBATEIBHOCTEH, MOTYYUBIINX COOTBETCTBEHHO YCIOBHBIC
Haszanust: [Ipeanoxxenue 3, Ilpemnoxenue 5 u Ilpemioxkenuel. [IpuueM nociaenoBaTeNbHOCTA BCEX ITHUX CEMEICTB
BBIPa)KAIOTCSl B BHJE CYMM CJIeIoBBIX QyHKIuMHA. B coorBercTBum ¢ atM 1utst [ICIT knmaccoB A, B, C nmeem:

a(t)=m’ @)+ (@™ )+ (@) + o (@) +tr] (a™) )

b(t) =1 (a") + 1 (&™) + 1" (@) + 1177 (@) + 1177 (@) @

c() =t (a") + 0’ (a™) + 1 (a™) )
AmnanoruyHble npeacTaBieHus Taxke Obuty Hatinens! o [ICIT H u L 3naunocta 127 [8]

th(t) =1 (a") + 11 (a™) + 177 (a™") (6)

="yt (@) @

W3 Beipaxkenuii (3)-(7) JIETKO BBIUUCISACTCS JIMHEHHASI CIIOKHOCTh JOTHX IOCIIEIOBATEILHOCTEH, 3HAYCHHS
KOTOpOi#t mpeacTapieHsl B Tabmurie 4.
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Tabmuue 4
Tun JIuneliHas CJI0XKHOCTh
IOCJICI0BATEIIBHOCTH
M-110CJIeJ0BATEILHOCTh 7
Jlexxangpa (L) 63
Xomna (H) 21
A 35
B 35
C 21

JlanpHelme uccaea0BaHMs MOKA3aly , YTO HA OCHOBE HEJMHEHHBIX MOCJIEI0BaTEIbHOCTEH KiaccoB L, H,
A, B u C moryt 6biTh moctpoens! [ICIT GMW ¢ nuHeHHOH CIOXKHOCTBIO, NMPEBBINIAIONIEH JTHHEWHYIO CII0KHOCTh
[ICIT GMW Ha ocHOBe M-mocienoBarensHOCTel 127. B 4acTHOCTH, OBLIO YCTAaHOBJICHO, YTO JIMHEHHAS CIIOKHOCTH
TICIT GMW 2'-1 Ha ocrose oamoii u3 IICIT Jlexanmpa para 1232, Kora Kak MaKCHMAJIbHAs! IHHEHHAS CI0KHOCTD
TICIT GMW Ha ocHOBe M-TOCIEI0BAaTEIBLHOCTEH cocTaBseT 448.

BriBOaBI.

1. TICIT xmaccoB L,H,A,BwuC 3naunoctu 127, mOCTpoeHHBIE Ha OCHOBE DPAa3HOCTHBIX MHOMECTB C
napamerpamu V=127, k=63, A=31, 006pa3yloT B COBOKYITHOCTH MOIIHOE MHOKECTBO U3 62-X MOCIIEIOBATEILHOCTEH C
Oomm3kuMu K uaeanbHbiM 3HaueHusMUA [TAK®. Mcmonb3oBanne stux IICIT Hapsmy ¢ M-oOCiieoBaTeIbHOCTAMA B
cuctemax cBsizu ¢ CDMA mo3BosiseT 3HAYMTENBHO PACHIMPUTH BO3MOXKHOCTH BbhiOOpa MHOXecTB [ICIT ¢
MpUEMIIEMBIME ~ KoppelsiinoHHbiME  Tlapamerpamu.  [ICIT  xmaccoB L, H,A,BuC menecoobpasHo Takxke
WCIIONIb30BaTh B TEX CIIyYasx, KOrjJa TpeOYIOTCS TIOCIeNoBaTebHOCTH ¢ 0Ooyiee BBICOKOW, dWeM y M-
TOCJIEI0BATEIILHOCTEH JIMHEWHOW CII0’KHOCTHBIO.

2. Jlpyroii He MEHee Ba)KHOH 00JACTHIO TPUIIOKEHHS TOCIeIoBaTebHOCTEH KitaccoB L, H, A, B u C moxer
CTaTh WX WCIIOJNB30BaHHE B KadecTBe Oa3MCHBIX Uil TeHeparuu HoBbIX kiaccoB [ICITI GMW, uto mpuBOIUT K
CYIIIECTBCHHOMY YBEJIMUYCHHIO OOIIEr0 YHCIa 3TUX IOCIeAoBaTelbHOCTEH. KpoMe TOro, B CHIy HEIMHEWHOCTH
nociiegoBarensbaocrei kiaccos L, H, A, B u C imneitnas cinoxsaocts Takux IICITI GMW MoxeT OBITH 1OCTATOYHO
BBICOKOM.
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CODE DIVISION MULTIPLE ACCESS BASED ON PSEUDORANDOM SEQUENCES OF PERIOD 127
Miller F.S., Meshkovsky K.A., Krengel E.I., Arkhipkin V.Ya.,, Sokolov A.G.
State Center of Computer Technologies, Silicon-Telecom-Soft

103498, Moscow, MIEE, CTC
tel.(095) 530-4616, fax (095) 530-6236, E-mail bsd@access.orgland.ru

Summary. The cross correlation properties and the linear complexity pseudorandom sequence classes of period 127 based on perfect
difference sets are studied. The efficiency estimation of their application in CDMA communications systems is presented.

For the code division multiple access communications (CDMA) systems the code sequences used in them
must have low values of the autocorrelation and the cross correlation functions (ACF and CCF). Among binary
pseudorandom sequences (PRS) of period 127, the m-sequences and the Gold sequences, the correlation properties of
which have been studied explicitly enough in [1], are the most known ones. However, with N=127 many other PRS
classes having the same, close to ideal, periodic ACF (PACF) as the m-seguences, exist. They include PRS based on

different classes of perfect difference sets with V' =127, k =63, A =31 parameters [2], for which all sidelobes PACF
values are @ =V —4(k —A)=-1. In all, there are 2 Legendre PRS (class L), 6 Hall PRS (class H), 18 m-

sequences (class S) and 18 PRS in each class A, B and C of Baumert-Fredricksen family. Note, that in contrast to
class S, PRS of L, H, A, B and C classes are non-linear and have the linear complexity higher than that of the m-
sequences [3]. Therefore, the employment of these PRS as the basic ones for GMW PRS generation [4] would be
rather attractive, because the linear complexity of such GMW PRS, as the calculations show, as a whole appears to be
higher, than that one of GMW PRS based on the m-sequences [5]. Besides, according to [6], the application of PRS of
L, H, A, B, C classes as the basic ones for GMW sequences 2", where J>2, results in a significant increase of the
GMW PRS total number.

PRS of Legendre symbols—L PRS.

L PRS consist of two PRS: direct and inverse, the symbols of which have the mirror-inverse symmetry
property. Besides, their periodic CCF (PCCF) is always three-level one with 3, —1 and —125 values. Obvioudly, the
existence of a super-high peak is a significant restriction for a combined employment of these sequences. On the
other hand, the computer analysis has demonstrated that of all known 80 PRS with two-level PACF, L PRS have the
best correlation parameters of auto-optimality (AO) introduced in [1].

PRSof A, B, C classes.

In each PRS class the numbering will be introduced, where an isomorphic coefficient 3‘mod127 will
correspond to PRS with k number. It can be shown that in this case the matrix of the peak values P; PCCF for each
such class will have the following remarkable property. Each successive row of the correlation metrix P; is the cyclic
shift to the right of its preceding row. In the Table 1, the first rows of P;j matrix for each A, B, C classes as well as for
class S having the same set of isomorphic coefficients are presented.

Tablel
PCCF peak valuesfor PRS of A, B, C, Sclasses

i 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

P A 127 23 23 23 23 41 27 41 23 25 23 41 27 41 23 23 23 23

P B 127 23 29 21 25 25 41 31 27 27 27 31 41 25 25 21 29 23

P C 127 41 41 25 23 19 17 23 41 43 41 23 17 19 23 25 41 41

P S 127 17 17 17 17 17 41 41 41 21 41 41 41 17 17 17 17 17

Linear complexity of PRSof S,L, H, A, B, C classes
In the recently published paper [7] it has been shown that A, B, C sequences represent a special case with
n=7 of three new sequence families conventionally named: Sentence 3, Sentence 5 and Sentence 1. Moreover, the
sequences of all these families are expressed as a sum of trace functions. Similar expressions have been obtained in
[8] for L and H PRS. Using them, the linear complexity of these sequences is easily calculated, and its values are
presented in Table 2.
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Table 2

seguence type Linear complexity
m-sequences 7
Legendre (L) 63
Hall (H) 21
A 35
B 35
C 21

Further studies have shown that based on the non-linear sequences of L, H, B and C classes GMW PRS can
be constructed with the linear complexity exceeding the linear complexity of GMW PRS on the basis of the m-
sequences 127. In particular, it has been determined that the linear complexity of GMW PRS 2*-1 based on one of
Legendre PRS is 1232, while the maximum linear complexity of GMW PRS based on the m-sequences is 448.

Conclusions

PRS of L, H, A, B and C classes of period 127 built on the basis of the difference sets with v=127, k=63,
A=31 parameters form in total a powerful set of 62 sequences with the close to ideal PACF values. The employment of
these PRS together with the m-sequences in CDMA systems allows to significantly increase the possibility of
choosing the PRS sets with the acceptable correlation parameters. It is also advisable to use PRSof L, H, A, B and C
classes in cases, when the sequences with the linear complexity higher than that one of m-sequences are required.

Another no less important application area for the sequences of L, H, A, B and C classes can be their
employment as the basic ones for generation of GMW PRS new classes, which results in a considerable increase of
the total number of these sequences. Moreover, due to the non-linear sequences of L, H, A, B and C classes the linear
complexity of such GMW PRS can be high enough.
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