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Abstract: Multiple Zero Correlation Zone (ZCZ) sequence sets are sutilable to Quasi-Synchronous Code-Division
Multiple-Access (QS_CDMA) systems to remove both the Multi-Path Interference (MPI) and the Inter-Cell
Interference (ICI). In this paper, multiple binary ZCZ sequence sets with inter-set Zero Corss-Correlation Zone
(ZCCZ) are constructed from aperiodic complementary sequence sets with ZCZ, the resultant binary ZCZ sequence
sets are almost optimal.

Key words: Quasi-Synchronous Code-Division Multiple-Access (QS-CDMA); Multiple-cells; Multiple sets; Zero

Vol.40No.3
Mar. 2018

Correlation Zone (ZCZ); Complementary sequence
1 518

TR (ZCL)Feh o —2R) AERLFA,
Iz N EIERS CDMA &G E - Huhk it
LU BRZ 0TI 242 T8 BlandklE ) 3GPP2
AT B K IX A 43 22 1k (LAS-CDMA ) J5 &R R
T LA FpHMCH P i, s e —2K =00
ZCZ Fr¥le ZCZ FyPBa e il T4 ERbrifE LTE i
N EATZHEE S BHERARTSE S ERPES
SRR IR G R O X R A IR Ve vk A H G 2k
CDMA 38 {5 BEA U FT 1 #h i B4 o SRR 48 1 5
B ZCZ Iy DR BT BR [R]— /N DX T e sk B T
Yoo AEZ/NXINEE T, FHAB/ANX ] E 3 e T
POMELLF R o AR GE TV A RBAN R AN DT R H

Weke H 1 2017-06-23; B00A1H 1 2017-11-28; P45 Hfi: 2018-01-11
MAfEES: BRI liyubo6316@ysu.edu.cn

FETH: ER B RF RS (61501395, 61601399), k48 H AR R
22342 (F2015203150, F2015203204)

Foundation Items: The National Natural Science Foundation of
China (61501395, 61601399), The Natural Science Foundation of
Hebei Province (F2015203150, F2015203204)

AT, AR % 5 2O RS R R AR, B
BRI R, BESRIEAR SR AT e (R0 A1
o NI IEAD BV A BEAR P 22 /N DX TR T
e MR R X HRE . & T2 /NX CDMA &4t
HNEE LR VATREE 2gha B A S NP § L Vg R S
Al /M A2 BT 242 TIE N 74 A 5]
PE R B AR S BAIE T LU B, AN XT3
H1 B 18] 7 71 (R ELAH 9% LA BR

WA, SCER[5]MIE T 2 TARIERF A, P51
FEIR— A A BAT A, AR 4R 18] HAT LR 1
BARME . XRIFHE M T 2 /D X5 [ A28
CDMA R4, HTREHMEAN N E, DIIEKARAF
{ER AR/ T4, Tang S5 NI T £
TEREMRXPIENIME . 2 TEFMXXFSI
LABFRARFREM KX FIEE, UE2AD T4, &
NPERAFMRKPINES, IF LA 7500
HEL AKX AR 2 78 ZCZ PSR BT,
HErCaf Sk, HEEERE =JosiH 2 M
FeoSRINIE, IF HZAARA R BIE AR . SOk
(TP i 5 IR B T =02 TARFMRKX )y



706 Bmr5FE8

I, RR=ZJUPIINEARZMELEICR, 1
I FH IS 23 368 i A5 £ 5 16 B S FE T BANR] T-ORAIE
REFL . SCR[10-12JE T 58 % 741, FIHAC L7
PBIIE T 2 TERFMRKRFINES . XK TENH]
URSER P AR EA MRk . H A s &7 41
IRD, IR H BRI T 2 iR RN o Rl
XTI, RARE— N 4 K784 P4,
IR T EA R T MiE — e 2 14 ZCZ J¥5)
o MLZAMPH], —JoFslm o Eseil, Kt
TSR BRIEAE RGP HA 2 N H . SR H Fr
T TEFMKX LT, ARR D . Tang
S N ORI BAR P S8R 3E T AT B 18] A1 OC X 1)
Z TR ITEMRRIPIIE, BRI IIES
ANREIE B FIR R . SCHR[6]) T 92t 2 AR o F A
KX P AR — IS, Wit 2 14
TICFEAHKIX P AR AL 38 ) . FARRR W

EERC RiE— N KA TN 0 Z0Z P
Sty 8 ={s",8" 8"}, MR FIHER:

(N THES  0<k<K-12—1MSHN
(N, M, Z,)ZCZ [NFEMKIX PG, SHIER MR
S, B MZ, /N =1/2;

(2) K NFHEA—AMERFHKIX, KEXZ,
Wi Z=2, /K.

B2 T IR ZCL P IV A TS HZ
BALH), FEHZATHRAEG KT IE SRR Z
N SHOE RN RN F AKX A5 . 10 H i
WA

ACG T HAENEMH KX =02 THE%
FHORIR PP S IR 38 i, R ZAH OGIX HAMNT 41
it 7 —RIL PRI Z TR TR KX 5
o ARSCTTIEMIRL O & — 8 A ZAH DG X H
AT BV AL, A SO T Al X kA 41 S A
I TR AAT I A G I AN A1 4R
2 EAHSRIIE

EX 1 &aflbiE 2 MKEN NPT, 5
WRIRN a = (a(0),a(1),---,a(N —1)),b=(b(0),b(1),--,
b(N —1)) o J¥5a Mo AR IR E C,, () E
XK

N

Z a(tb(t+71), 0<T<N-1

1-7
t=
1

0
Ca,b (T) ={"HT

(
at —7h(t), 1-N<7<0 (1)

t=0

0, ITI> N

fia=>b, WHNAFHABEMKRE, HHa=b,
PR ARSI AR B B R, (1) RSP S a F1 b
VSRR EPNEE ¢ SR IIEE)

SHE=aE i 40 45
Ra,b (T) = Ca,b (T) + Ca,b (T - N) <2>
EX 2 WU R—MNTPIES, 885AMANK

JEA N P8 M AR w,u, e U HHIN < Z -1

Hi=j®#FHo<imi<Z-—1Hi= n, FEH Y
K BRI AL <

R, (T) =0 (3)
WP 24 U B AR X (2C2Z) Fe ol sk, Rom A
(N,M,Z)-2CZ

EX 3 B IJUEMKKIPIE (N, M, Z)-
ZCZ, Z>1, #HFIESH LN (4) s fig
),

M(Z-1) _1 )
N T2

S BT RS —AN AR G ZCZ AU,

AT LCRE SCHR (6] 5 H A 1) 1 i3 A 2 B i)
ICE TR ZCZ ARG A, TS
W =c 2 74 ZCZ JF M E L.

EX 4 WS ={8"8" . 5"} i KM BH

%WMJMWM%%Q&,ﬁﬁ%EM%A)

N

L R 2 e 2

—20 FAE AR X A 2y s E/WEZW: oMK

1, RS BRI IR S T4 707 FhltE. BT

AR 2, = — WS S LT
2MK

e WA/ A I

EX 5 WA={A,A, A} ER—DH
MASTANFHIGITIILE, Hh AT A, =
(Ao Ao Ay ) 8 N ATFIES, WA, =
(00,0, (1), (L — 1)) o FEAHSE R R A2

N-1

Capa, (1) =2_Ca a, (7)

n=0
LN, my=m,, 7=0
=10, m=my, 0<ITI<Z (5)
0, my = my, ITI<Z
IFR PP 51 4 A Dy 22 A0 5 X (ZCZ) AR J5 9 AR e 41
R, KRN (M, Z)ACSY, - o M FoRIFHI4EH ZCZ
JIEANF IR, N FRom A ZCZ A AN
SIS TR H, LERTIRIKIE, Z F0R
FTHRXKSE. HZ =LK, FIE A WESGRIE
A HANFFIEE (M, N, L) -MOCS.,
EX 6 WF={f.ff DKM Hq
RIS, ST = (sg,s0, 511 ) F1SY = (s8], -,
siy) &g XA S F EIBRIUT A, s, s



FEME: JLTRIL I FREFMRX P SERE% 707

B3
€F o JAMIDUAOC R H0E LK
L—
Hsrtsy<7)zzlh(slzasly+q—>a 0§7—<L (6)
=0
b, FhR L7 LIS B(f) =]
A, MR+ 7R LisE, (f”f])_ 0 fiifjo

X T WS = (55,8, 5,,) #mDRAHIK
JEA L RBRAF 1, W SRAE— A e o b A
PRSI, WIRRIF S ARSI A1, B -
Hy(t)=0, 720,

EXS WS ={8"8"8 8V} st LA
BRF ={f, £ ) LIOBRBUR S0 S5, Hor
S* = (s6,5f, 801 ), 0< k< M—1. WRJFHIBLI]
FHG bR B A2

Hsl sV (T) =

0, z=y, 0<7<Z7~-1
0, 2=y, 0<7<7-1 (7)

TR S S — AN il 486 (X (NHLZ) B 1) 40,
FRN (¢, L, M, Z)-NHZ, Hrh q &R BRAE A KN,
LRSI, M R AIsH, 7%
TRERAEX K

SCHR (6]t — iR L L RNE BRI ZCZ RS
ST, SRS T 1,

511 k4= (AiﬁO’Ai,lv"'aAi,M,l) Al A =
(A0, A, Ay ) RBIAMEH M A TIFFIN T

W, W GATIRAIKEN N, WA, =
(5, (0),a,,, (1), @y, (N — 1)) o T LA T 510460365 5

ANKSE Ky 2MN BIFHIU0F |
S, = (A Ay Ay 0 Ay 1A Ay
- Ai,M—Q? Az‘,M—l )
S; = (Aj,m A Ajaras Ajpn =400 4505
— A AJ;M%)

K& PR P {0< 7 <N -1/,
HA(8) 48
M1

stsj (r)= 22 CAW,A],m (1) (8)

m=0

3 ZFEICLFINERNFE—HUEE

KA KL FHEZCZ FHE NG iy
P, EITIEEE TR KA ZCZ HANT A iRk
MR ZCZ HANTHUWE B 7 51, #3211 %+
8 ZCZ P BB A

MIEE 1

TR WFIIEA A= {44 A R
A ZCZ TAMNFHVEE S, SHON (KM, Z)ACSY « J¥1
BUGHKANTE, BNTEPA M A HEANTHIW

M:{gﬂgwAﬂJ,ﬁﬁﬁﬁﬁﬂ@ﬁN¢¥
Fgﬁ”’ Ar]jz :(A7€L‘O7A’Vlfl,1’."’A’!EL‘N*l) °© ;H\:EP?}J?EIJ
Arlfz,n = (aﬁz,7L (O) ’ a’iL,n (1)’ ] aiz,7L(L - 1)) _&Ej‘j L ° ﬁn
R FIEE A L NI &F:

(BN TEE A AN EA AN P A, S8
M (M,N,L)-MOCS, HHM=N;

(2) K N FAERAFE—ANFHAAHKX, KEN
Z, WR0<Z<L.

FR 2 M K AIFAES S = {88,
Sk b HP RN AKE N 2NE -

Sho= (Al AL AL, AL Al

m,0 4 4m, 15" m,0?
A’I]‘:l,17 T _ArliL,N—Q ’ A’I]\;l,N—l )

E 1 LIRS ES RN IIES S =
{8°,8",8%, o SN A Z TERBM KX P A4
fr BATI

()AFHE SY R — NEMCX P I, ZHCh
(2NL,M, L +1)-7ZCZ;

(2) K M FARIEAAAE— N R HARK, KENR
Z .

R BLS), €5,S, €9°,0<rk<K-1,
0<mym, <M—1. %0<7<L—1FFIH*
PR, g2 1 AT

N-1
R, s, (1) =23 Cupoal,, (7) )

n=0
MR r =k, WHEHS, 58, BT T4,
Mm, =my, H 7 =0H, ﬁRS;pSﬁLZ(T):2NL° icEi
HAMNPAIEWH L& Q) T, S m=m,,
0<7<L—-18FMm =m,,0<7<L—-1HNEH
Ranl,SﬁQ(T)ZO(’ Mr=LW,

N-1

RS"mq-,Sk'rrbz (L) = nz:;) CAvrrl,l,nﬁAj\;Lz,iL+l (0)
N-1
B 20 Cupptt,, ., (0=0

T f34hie, BANTHE S & —A(2NLM, L +1)-
ZCZ, PEJ5i(1) AT,
WHr=k, WIS, 58 BTARTE,

my

HUSE T I 91430 2 10 4 P (2) 7T 40, 0 <7 <
Z-1NHAT Ry, o (1)=0, FEIR(2)MOL.

my ‘rsmz

i LRSI, BAAIE

i ER 1R THE I ZCZ TP, B
KT, HPEATHESECN @NL M, L +1)-

s ML 1
72CZ, U2 — =—, k3&E.
2NL 2



708 BT 516G 8 %R

40 35

4 Hf ZCZ BEAMFIIEMIE

it 2 14 ZCZ 7 5 ER I O BEAE T-HE) 38 9 2 4%
PEI) ZCZ HAMNFAEE o AT — 2K R Atk 1
PN ZAT ) ZCZ HAMNP IV R IETT 5, T A
bRyl 7 = TR IS

&% 2

T 1 BN x N ICIER MM H =
[hi’j]NxN MU = [uiv-f]NxN °

FH2 R ABIUTIIE: F={FF
FM?I} ) F" = (.}gnﬁﬁmv"Wf](fn—l) ° /ﬂ\:t}j ’ fnm € {0717
2, N —1} o BRIUT HIEEIE N 451

()EEAPPIHGEARE S P41, BP0 A AR e
L Hpn(1)=0, 7= 0(modN);

) FPHERA —AFAAEX 2, RIP S A
BREGH L : Hpo po (1) =0,0<7 < Z—1,my 5= m,

T 3 MIEAS M A TEMEANT I ES
A={A% A" A A T AT = {A], 4]
A Ay VS NATAMNTY, B TANFA
AL = (AT AT AT N AN FIFAIADR, FIF
EUA;nk = (a:k(())va:jk(l)vaaxk(N_l))&Ej‘jN °
AN PR R I (10) -

i (t) = Ry -ty (10)

A, 0<m<M—-1,0<nkt<N-1,f" {01,
2, N —1}

EE 2 FIIEA - AFMHKXEANF
B, W AT

()BT A" 2 MNIEZHAMNTYE, 4
b (N,N,N)-MOCS;

(2) M A THEMAFAE N T AR, KEH
7

WM WA e A™, A e A, THEHIRRR
-

Capag (1= 2 Oz, (7)

= Z Z hjrml g Ung 'hft’g,k Uty

. N-1

= ; Upy g " Uy 47 ';hﬁ"ﬂ,k .hfl"i'lﬂk (11)
T 1: 2m, = m, ,n, = n, I, SEI T2 A 5

AP R IEEL TR A AL A, B

[ e T = 0 AR BRI 0<r

<N-1IN, WHEHEH ARATHIELSHE, H

S oo by by =00 B g (1) = 0«

0L 2: Zimy =my, ny = n, I, PINFS AT
5 A» & TR THRAPIZEARTI. Hr=0, R
A U A PAT I AN, B4 O g g (7) =
N'ZZ::“"M cu, = 0o PILFETHFIH AL E 4
HAME, ZRQ)WE. 550<T <N -1, WRIEHRE
H RTINS, A3 by by =04 B
Fsf CA;];l AT (r)=05.

W08 3: Hmy = m, I, WAFEHIAM 5 A 8
TARFETFHE, H0<r<Z-10, WIEBITITF 54
PERR:  Hopo o (1) = S0 B (™ £ oa ) = 0 »
BT LA SO TR (g fre) =0, A ¢ U
{0,1,2,-- N —1—7} W #A f™ = fo 8oL, Bk
B 15y SEAE SRR AT, 30 by
s =05 SEI g g (1) = 00 Fi55L 3 BLHIAT
TR BANT I B AR AL 7, 5A07(2)i
2o

R L b 3RO, 5 BT iR
5 ZICL FI&ESHI R

RS T FR AR DX A S A B T A
Wk 1 AR R AT A4, BEmA
ZRBH KX EANFIIERR T 2 7% Z0Z J75)
8, RN RIS RS 00 ZE Al DX kA 51
(KIS 547 5% I H T CAT LK NHZ BT 51 R
JPgEl g 1 MR AN E IR AR 51 A5 2 ¥
ZCZ JF IV EESHHAT 3 HT .

HIFR 1 A5, AR E 14 ZCZ FPAIES
SRS NHZ BT SR S8 0, A7 R
¥k NHZ BT 58 M S BRI &AM 2, 443
B2 74 ZCZ JF HIES B 22 B — e IRl 5
P AR BREIAAER NHZ B3I ek Jy ik
R—AMEE XMW, ok, Chung % ANRIFIAL
GUERIE T FRERE X BRI B, S RIPhIES
BRI AL, ATLMAS B SR N R V& 1 ZCZ )7
7IE
6 MELHIRMEEFELR

Bl1 Bp=7, %a=3NLEREGRT) KA
JFIC, MBREEA Hh {1,2,3,4,5,6} « MIETFE]—A—K
AR S S B F



ERE FEME: JLTRIL I FREFMRX P SERE% 709

K1 BFEICLFHESH

—
NHZ BT 513 NHZ B3 514 5 41 : onik
THEM %W ZCOZ THEBH
N Sovge (pZNvaZNHapvaH)_NHZ’ HEFI pj‘j 22
D 20° 2% 0 Z iy D2y + 1) -ZCZ
SCHR[14) 51 1 ML 0<Zyy <p—1 P Ly ( D 2y, P4y Py + )
N N (meNvamZNHvpm7ZNH)_NHZ’ Horf om 2
SCHR[14]) 777 2 " Z 20" 2 0" D iy " Ly + 1) -ZCZ
R [14] 777 P HERL 0<Zy, <" —1 p NH (p NE P LN P Ly )
SCHR[15) 771 2 (MZ 1, MZyyy, M, Zyyyy ) -NHZ M Zn (2M>Z3y, MZyyy, MZyyy +1) -ZCZ
s* =(1,2,3,6,5,4), s' =(5,3,1,4,6,2), s°=(6,1,5,2,4,3) F? =(6,7,8,9,10,11,4,5,2,3,0,1)
5° =(4,5,6,3,2,1), s* =(2,6,4,1,3,5), 5°=(3,4,2,5,1,6) F* =(2,3,10,11,6,7,0,1,4,5,8,9)
SE S R AR W 2 oo F® =(4,5,6,7,2,3,8,9,0,1,10,11)
=2 MHXR A H MU EWAMECh 12 1970 Hadamard
a B 5 W 5 o FEFE, ARPEAIEVE 2, MIETS BT A G B ANT A
a g g g alo g = A . 0 1 5 N 4‘/1_%—_: MY \
2 s o ss o Tt A={A" A" A} B AR 1 TEL

13515 = {8, 5". 8%, .5} o HATETE, DUH T
LW T DA NIV 2 EREE 4260 SU A, FERIICE T oNHER R R g 3 T
X Bk FIE A, S0k (12,12,6,2)-NHZ: -

Mo
O f— RN va AY Mz, AY M2

F=(01234510,11,8,967) B4 FE A B KR A % B 5043 A b 1T

F' =(8,9,4,5,0,1,6,7,10,11,2,3) 4 o

F? = (10,11,0,1,8,9,2,3,6,7,4,5) PR 6 T4, BTSN (288,12,

x3 S"MS FHITE

(000A8B653CE2AD46B8E25C1E8790B 726 EACDFFFASBIACCE252B6B81DACIET860B7D914CD);
(A8B000CD866905FC334AE6952F2A3C8E5E46574000327669FA0C33B51695D0DA3CT1AE46);
(617C9C044AF5CC30AF832A09ECE6A04792DAIESCICFBBAF533COAF7TCDA091916 A0OB862DA);
(C2E6A5ATDOCC6FAA9620B030457C99E408E33D16A55820CCI05A96DF4030BA8CI91BFSE3);
(A5COD7TCOF6BE08S8CE4479642225AEB832E915A30D73F06BEF 77CE4B86642DDAA EB7CDEY1);
(6B8C330EBA5AC6C00089DAAGEC160F4D6275947C33F14A5A393000762A A613E60FB29275);
(E614EA8322834B58D904427F618ED6COFAACI9E4EA7CD283B4A8DIFBB27FIETEDG3FOAAC);
(CD2659A81030606 A6A2F70CC4ABC65EBC81F32D65957E0309F9IA6ADOS0CCB54C6514381F);
(8B523EEE6457261E0D6904AB0CC802ADBC7874A23E119457D9EE0DI6F4ABF33802524C78);
(07TBAF0628C99AAF6C3ESEC658020CC2154B6F84AF09D7C995506C31A1C657FD0 CCDEA4B6);
(2E686D4B5E0483245ECC3EF8A9F25108862BD1986DB4AE047CD45E33CEF8560251F7762B);
(4CDE4629E82FE19275AE88D3CB447A6A3000B32E46D6182F1E62755178D334B47A95C000).
(0003AA725A0F46BCA696C6CCD8IF42AE11CTFFF3AASDAAOFBI4CA66936CC276F4251E1CT);
(A8B921DAE0S4EE062D3ETC477025C906 AB4C57492125108411F62DC18C478FD5 CIF95BAC);
(6175BD132C1827CAB1F7BODBBIEI55CF67D09ESSBDECDC18D83AB10840DB4619553097D0
(C2EF84B0B621845088542AE21A736C6C FDE93D1F844F46217BA0SSABDAE2E5836C930DE9
(A5CIF6DT79053E376FA330C907D551E0B DBIB5A39F 62860531 C86FACCFC9082A51EF42B9B
(6B851219DCB72D3A1EFD4074B319FAC5977F947512E62CB7D2CA1E02B0744CE9 FA3AGTTF
(E61DCB94446EA0A2C770D8AD3E8123480FA619EDCB6BB46ESF52C78F28ADC17123B7TFFAG);
(CD2F78BF76DD8B90745BEA1E15B390633D1532DF 784086 DD746074A41A1EEA43909CCD15);
(8B5B1FF902BACDE4131D9ET953C7F 725497274 AB1F06F2BA321413E26E7T9AC37 FTDABI72);
(07B3D175EA74410CDD9176B7DF2F39A9A1BCF843D18A1A7T4BEFCDDGES6B720DF395651BC);
(2E614C5C38E968DE40B8A42AF6FDA4807321D1914CA3C8E9972E4047542A090D A47F8321);
(4CD7673ES8EC20A686BDA1201944B8FE2C50AB32767C17TEC2F5986B25E2016BBBSF1D350A);

S(l

3

=

)

)

—_ = =




710

40 75

300
250
200
150
E 100

—50

Ww

—150 =100 =50 0 50 100 150
HIX BT

L A0 Sy 1 B AH G BB 3 A

—150 —100 =50 0 50 100 150
HIX B R T

K3 54 Sy 5 Sy LISk B o A

13)-ZCZ. Wl 1. B 2 [[—FEAF5 1) B AR
HAEACEE N 13 AR N A E, RN MK
JEh 13 ARG X . e L5, FASTHESH

Qéglﬁim’ﬁﬁ%%0m54%%,mﬁ

TAENPPA EAH KRR Z,,, =2 A K
XN RE, TERNAE NN 2 MR HAHCX
R E 4, FHES S & NL T o2 74
FH KA.

— Wk, YA RERS 43 Sy PR B RN AN
Glo RICHIEN ZCZ JPHVE T s 751 . HANTS
2 N A0S PR AL, A DGR T 7 41 AR
KRB IRRIE, HARNE X 5. HANTAIZ&—
Kit T2 8% CDMA RGH0% H ) ks 541 .
EFXTHBR CDMA RGER/NX AL 4 m &, B T
214 ZCL JPHVEZ AN, S E A B R AF4E
[ AH SCPE 1 2 4R B AN T AR AT ASCEU) F
BAEAE KXW Z 14 ZCZ FpHeit, Tty
H AT H 0 LR 2 4R ZCZ e A 4R ARt 0 ik AT
S5

& 4, SCHR[7-9) I IE A BEAE 1
BHE T =0 2 TR XTI, f&7H4
FABKMEWRE, E5Pr RG2S 16
HIUR, HEH IR A BN 207 PSS HL
ANBEIE B BA . SCHR[10,11) R H 52 4 P F ks T %
2 THERM KX P IIEE, (R 5E %751

300 :
250 oot
200 |-
150 [
100 -
50 |-
0
—50

—100 L : : L L
=150 =100 =50 0 50 100 150

IR TR T
2 JPHIS) 1 EVRHOG R S AT

Mg LA

80
60
10 o
20 fooope- b i

.
-20 oL
T O S

i LA

—60 . = : : -
=150 =100 =50 0 50 100 150

HIXHLAS T

K 4 5418y 5 Sy LTS oA

KEAB S ER . 5B PR H AR AR,
AR ORI PR 1 e b it U 32 A B IV T o SCRiR[19
20] 53 a7 AH L IEAT (1 =0 A K 2 AH A DR IX
Feylge, LA SCIRQ9MIE 2 A ZCZ Fral 4 A
THESHOL B A . ML IEA I F AN R X 21 4 AT
B RRFR N 2 T4 ZCZ JPAEE, HT4R R A
RIKEN 1o o5 5 a5 seil, [Hik
5 S BRl A5 AR G0 P Ay S AE T o0 P AT 9
Bl H AT SCHR[6] AT U o2 TARE%E
FRIX P FI SRR I . SCRR[6] (A4 3 VAL T4
(K AN YIEACK 15, 13200 ZCZ PP 524
HAT— 5 BRI o A SCHE T SCHR[6] (1 JBAL, i
A EFTINZA ZCZ HANTP I EEMIE TS HILT
LI —JC ZCZ Froltk. AXRRIINZ T4 ZCZ
FeoAE AT LA N Rt (D)8 TS B0 2 Bt
(K15 (2) TARMBZMRX AN T TENBEMRX, &
L. %R HI N B2 /M IAET T e R
& CDMA R ZeHH ] URAE RN X A AR {55
FHRT I S LKA RN T P 5 AR I SE R/ ok
AT 7P IE, AL AT K A R XN W5 AT I S A
RITe. B, 2N A AR A5 AT I S
AR BN DR T) P A5 5 ARG I S BRI, 1) DA ek
BAS ZCZ Iy 7 icss— DX, M FPAIE T
WO Z AR ICIX A (R BEABH SC PR SR B /N XA
EVANINE 2118 b7/ (A IR NN R SR 2/ EPS S
P BRABR AT DG SRR T BN X TR T30 AT



B3 RS JLTEIR 2 TR KX T HIEREE 711
£ 4 BT ICL FHIEME KL

Wik THESE AL FARX THSH e R
R[] ny A A (A"™ny (ny + A),m,A™ —1) -2CZ =5 7
SCHR(8] g ng A (77,(7]"*2 (ny + A),ny,ng™" — 1) -ZCZ = w5
SCHRY] ", o™ A (2°"mg (ny + A),2"n,, 2" —1)-ZCZ =J% i
SCHR[10] N, NIL -2+ N, (LN,,N,,N,L, —2)-ZCZ 2 %
SCHR[11] N g2k +1)+q—1 (TNq(2k +1),T,2k +1)-ZCZ £ZH %5
SCHR[19] T 1 (TN,T|N/T|,T)-ZCZ 2 H -
SCHR[20] 2 1 (4" LMy, 2" My, 2" Ly +1) -ZCZ i -
TR [6] gm—k 9N 1 (22N, 2" 2" N) -ZCZ, =t JUTP-fl

ARICT7 L/K (2NL,M,L +1) -ZCZ, M = N =y LT

/N TR AT 5 A BE N X P A5 5 AR B E B
K JUa] BN AEEAS 7~ 45 w0 il C— 45 5 51 2 8T 1
ZCZ JPHF DTG T /DNX, Frdl i 2 14
ZCZ JFHEE T4 W A X B /ME B AT K 4R TH]
TR, AT 0 0 W9 B /N DX 345 /0 X T]
T
7T GFRIE

AR T —RKSHIL PRI 2 T L
AR P AR 3 770, OB 2 — e 5 1R
Hefitlh ZCZ HAMNT AR RIMIE . AL TR T
FHVEREAS SRR IE LS Z2CZ HANT AR T
%, NEZ 4 ZCZ Ty HVAEWIRIE T i3t T a7
5.

2 % X #

[1] LI Daoben. The perspectives of large area synchronous
CDMA technology for the fourth generation mobile radio[J].
IEEE Communications Magazine, 2003, 41(3): 114-118.
doi: 10.1109/MCOM.2003.1186554.

SESIA Stefania, TOUFIK Issam, and BAKER Matthew.
LTE-The UMTS Long Term Evolution From Theory to
Practice[M]. Hoboken: Wiley, 2009: 146-155. doi: 10.1002/
9780470742891.

R, A, RN, S5 SR BERY T Y AN 5
LA FIE[)]. BT S E EAER, 2016, 38(2): 318-324. doi:
10.11999/JEIT150636.

LI Qi, LI Ding, GAO Junping, et al. Design of zero

correlation

2]

3]

zone  punctured  quaternary  periodic
complementary sequence pairs sets [J]. Journal of Electronics
& Information Technology, 2016, 38(2): 318-324. doi:
10.11999/JEIT150636.

XL, R ZLNEME ST R A G R AIE]. BT
1% E224R, 2017, 39(2): 328-334. doi: 10.11999/JEIT160276.

LIU Kai and JIANG Kun. Construction of Gaussian integer

(4]

sequence sets with zero correlation zone based on interleaving

[5]

(6]

[7]

(8]

(9]

(10]

techniquel[J].  Journal of Electronics &  Information
Technology, 2017, 39(2): 328-334. doi: 10.11999/JEIT160276.
ZHANG Weiguo, XIE Chunlei, and PASALIC Enes. Large
sets of orthogonal sequences suitable for applications in
CDMA systems[J].
Theory, 2016, 62(16): 3757-3767. doi: 10.1109/TIT.2016.
2550478.

TANG Xiaohu,

IEEE  Transactions on Information

FAN Pingzhi, and LINDNER Jurgen.
Multiple binary ZCZ sequence sets with good cross-
correlation propety based on complementary sequence sets[J].
IEEE Transactions on Information Theory, 2010, 56(8):
4038-4045. doi: 10.1109/TIT.2010.2050796.

HAYASHI Takafumi, MAEDA Takao, MATSUFUJI Shinya,
et al. A ternary zero-correlation zone sequence set having
wide  inter-subset  zero-correlation  zone[J].  IEICE
of
Communications and Computer Sciences, 2011, E94-A(11):
2230-2235. doi: 10.1587 /transfun.E94.A.2230.

HAYASHI Takafumi, MEADA Takao, and OKAWA Satoshi.

Transactions on Fundamentals FElectronics,

A generalized construction of zero-correlation zone sequence

set with sequence subsets[J]. IEICE Transactions on
Fundamentals of Electronics, Communications and Computer
Sciences, 2011, E94-A(7): 1957-1602. doi: 10.1587 /transfun.
E94.A.1597.

RN, VPR, NI, & K= R TERMEKK T AIE
FIE[T]. BT 5 E B2, 2012, 34(12): 2876-2880. doi:
10.3724/SP.J.1146.2012.00187.

LI Yubo, XU Chenggian, LI Gang, et al. A class of ternary
zero correlation zone sequence set with multiple subsets[J].
Journal of Electronics & Information Technology, 2012,
34(12): 2876-2880. doi: 10.3724/SP.J.1146.2012.00187.
TORII  Hideyuki, MATSUMOTO  Takahiro,

NAKAMURA Makoto. A new method for constructing

and

asymmetric ZCZ sequence sets[J]. IEICE Transactions on
Fundamentals of Electronics, Communications and Computer

Sciences, 2012, E95-A(9): 1577-1586. doi: 10.1587 /transfun.



712 LI I IS S i 5 40 4
E95.A.1577. E93.A.2239.

[11] WANG Longye, ZENG Xiaoli, and WEN Hong. A novel [17] ZHANG Zenyu, TIAN Fengchun, ZENG Fanxin, et al
construction of asymmetric ZCZ sequence sets from Inter-group complementary sequence set based on interleaved
interleaving perfect sequencelJ]. IEICE Transactions on periodic complementary sequences[J]. Wireless Personal
Fundamentals of Electronics, Communications and Computer Communications, 2016, 91(3): 1051-1064. doi: 10.1007/
Sciences, 2014, E97-A(12): 2556-2561. doi: 10.1587 /transfun. $11277-016-3511-6.

E97.A.2556. [18] ZHANG Zhenyu, TIAN Fengchun, ZENG Fanxin, et al.

[12] WANG Longye, ZENG Xiaoli, and WEN Hong. Families of Multiple orthogonal subsets with three-valued in-phase cross-
asymmetric sequence pair set with zero-correlation zone via correlation for HF communications[J]. IEEE
interleaved techniquelJ]. IET Communications, 2016, 10(3): Communications Letters, 2016, 20(7): 1377-1380. doi:
229-234. doi: 10.1049/iet-com.2015.0075. 10.1109/LCOMM.2016.2565464.

[13] TANG Xiaohu, FAN Pingzhi, and MATSUFUJI Shinya. [19] ZHANG Wenchao, ZENG Fanxin, and LONG Xiuhong.
Lower bounds on the maximum correlation of sequence set Improved mutually orthogonal ZCZ polyphase sequence sets
with low or zero correlation zone[J]. Electronics Letters, 2000, and their applicatons in OFDM frequency synchronization
36(6): 551-552. doi: 10.1049/el:20000462. [C]. 2010 6th International Conference on Wireless

[14] YE Wenxia, FAN Pingzhi, and GABIDULIN E M. Communications Networking and Mobile Computing,
Construction of non-repeating frequency-hopping sequences Chengdu, China, 2010: 23-25.
with no-hit zone[J]. Electronics Letters, 2006, 42(12): 681-682. [20] RATHINAKUMAR Appuswamy and CHATURVEDI Ajit
doi 10.1049/€l1:20060775. Kumar. Mutually orthogonal sets of ZCZ sequences[J].

[15] YE Wenxia and FAN Pingzhi. Construction of frequency Electronics Letters, 2004, 40(18): 1133-1134. doi: 10.1049/
hopping sequences with no hit zone[J]. Journal of Electronics, el:20045628.

2007, 24(3): 305-308. doi: 10.1007/s11767- 005-0202-y.

[16) CHUNG Jinho, HAN Yunkyoung, and YANG Kyeongcheol. FERM 5, 1985 R, AIEEL, BULASIE, BRSO
No-hit-zone frequency-hopping sequence sets with optimal BEE Gl e,
hamming autocorrelation[J]. IEICE Transactions on A H d 198TAEE, IR, BRI AT AT

WRIEE: &, 1983 4R, R, WULAESIE, BT RS

Fundamentals of Electronics, Communications and Computer

Sciences, 2010, E93-A(11): 2239-2244. doi: 10.1587 /transfun.

FPHNBETE . 8 .



