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Abstract: Based on a length-N Golay Complementary sequence Pair (GCP) as a seed, a Z-optimal binary Z-
Complementary sequence Pair (ZCP) with length N+3 is constructed by inserting three specific components at
chosen positions in the aforementioned seed, where N is an integer. Compared with the known Type-II Z-
optimal binary ZCPs of the same length, the resultant pairs have lower Peak-to-Mean Envelope Power Ratio
(PMEPR). Both ZCPs and GCPs are widely used in Orthogonal Frequency Division Multiplexing (OFDM)
systems and Code Division Multiple Access (CDMA) system, etc, however, the former has more flexible lengths
and larger family sizes, which can better meet the requirements of applications.
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BB R A S E A A B B
(Orthogonal Frequency Division Multiplexing,
OFDM) RG4S T MAE] ZMH. 19994,
Davisfll Jedwab "5 T hr#E )™ AT /R B B0 2 K
B R2m i 2 #H % 5E#% GCPs(Polyphase Shifting
Key GCPs, PSK-GCPs), BIGDJ(Golay-Davis-
Jedwab) B AN . R0, GCPsHKEEZIR T2
107267 (o, B, v HAE SR LR . A T 9k GCPsK
FE ERIAE, APFOET Golay H AN I R I .
19724, TsengZ N GCPsY J& 2 Golay H.#MNF
5|4 (Golay Complementary Sequence sets,
GCSs). &4, GCSsT#/ ZMHIT. 20074,
Fan%s NP T Z2-H 4 XF (Z Complementary
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Pairs, ZCPs). ZCPstLTGCPs, 5P TF
FIH R, ABBATER 2 S5 f sl g R ] B — A
SE [ DX PN A A A B A G RO 4R A, XN REE
X 35538 9 AR 9 FAH IS X (Zero Correlation Zone,
ZCZ), DX 58 o WM N ZCL Y o R % W]
%, ZCPsWIZCZTEFESE TP A K IR, ZCPsul
WHGCPs. ZCPs7y ATRAIIR . TR ZCPsH]
ZCZAT T B JE AL . TRZCPsH] B FHER D
147 2 41k (Quasi-Synchronous Code Division Mul-
tiple Access, QS-CDMA) &%t, LA RS A -4 Al
ZHFHC . TR ZCPsIIZCZAL T i e 45 oty st B
i, IMZCPsH] N T8 L&IEE RGH, ik
= AN a7/ == 1 A0 | 20 NI R s 2 e 7 O Tt
Al FEZCZM RGBT, ZCPsHIZCZIX A1
e HH B AH L FT(Out-of-ZCZ Aperiodic Auto-Cor-
relation Sums, OZ-AACSs)#/)y, OFDM ARG H 1
Ve 351 60, 2% Th Z [l (Peak-to-Mean Envelope Power
Ratio, PMEPR)#/IN. RIGKEE, ZCPs Lo N
KZCOPs™ "HIF K ZCPsY, A FE PRI A
ZCPs.

BT RN RESR, TSI E: KEN
L& 270ZCPs(0dd-length Binary-ZCPs, OB-
ZCPs) M EM KX I KA (L+1) /2, &IEHELE
SCHER[14]H A3 BERT, HRA S HEER RS0
e B, E LKEENE L HF AKX 5 L3
KB (L+1) /20278 ZCPs NZ- A28 Z- HANF 41
K, R (T8 5112 ) OB-ZCPs i it KOZ-AAC-
Ss#ixf i F2, Ha, OB-ZCPspiilMftt: 2014
4, LiuZs NMLL2JGGDI HANF BN AFFXE, i
A BRI EHCEE 2 + 1 AR OB-ZCPs.
20174FEM120204F, Adhikarys A0 558 5 4y 5 76
GCPsHIE R (Turyn)vE i N — S o iis K N
20107267 + 1R ARIHLOB-ZCPs. LA EFiFh i H
Al AN LAMS T, H A RSN E KA A4 F
HERRNFMRKX. 20194, Shen®E NTLIFRHE2IC
GDIJFHIE A FhFxF, 8 kA4 A3 T,
38— FEr TR 20 Z- L OB-ZCPs. 20204,
Zeng® NWE A fEAR B K E NN RE R E R 270
Golay H M (Special Turyn Binary-GCPs, STB-
GCPs) AN — M, 138K E NN+ Z-
ALOB-ZCPs, ZJ5ik A RN LN ST, HAfr
WHERFEARRE R . GuE NPl A F K E T
Bk I KT BB A 3 BN 2N + 1T Z- 14k
OB-ZCPs, HHNNEE, ZEBFKITINEN
Pl xF RIGEAE . Tian% NPl IS EGDI B AN
Hh R 7 B 3 N3N LA K B 29107267 + 3

IR Z-f 4L OB-ZCPs, HAa>1,3>0,7> 01
REERL ZOTIE DAEASA G T, AR H RS
AR B A R E. 4 ER, MK EE
RIGHZ-ALOB-ZCPs L AR H B B B g & X
AP LE RS A -

AL FEE R TR

(1) PSP EE AL B T Z- AL OB-ZCPs
o B A B A HE AR . A AT K E N
N = 2107267 + 3 IR Z-4 4k B ANF 51 %5, B0
I FH G K JEE 32 8 ) Y L

(2) H5OFIMITEFAL, 2R B AR E AT 7 5
i, AR SR IE I 3FE N T 51 5 ORI 5 R B
PEAFKE 5 BT vH 5, 3 RIS RN AL E
MIPMEPR. TFHENAGERH, AR CHHE T
FIMPMEPRLL C A A K 7 5 I PMEPR B /N .
2 EXFSREX

THIRF SR A SCR A

(1) (allb): P HafFFH1bHI KT 2Bk

(2) a: JFHlaf)ibi e
(3) —a: JFHlaffJ B
(4) a®b: 7 HaRlFH|bF)Kronecker .

EX1 KEANNKFYa=(a, a1, an-1),
WER Ba; € {£1},i € {01, N — 1}, Maffefr Ay
278751,

EX2 XF—A2uF5xt(a,b), & XAFKEEL

N-1-7
Pap(T) = Z aibiyr ,0< T <N -1
i=0
Ha #b, FRpas(T) NFFFIaMIFE 510 H R #1 H.
#H R B %) (Aperiodic Cross-Correlation Functions,
ACCF); Ha=0b, Frpas(T)NFFHlaff)dEE 1 EH A
K # (Aperiodic Auto-Correlation Function,
AACF), M5 Apa(7).
EX3 —MNKEHNKI2TTF 5 (a, b)% il 2
AT

(1)

pa(T) + py(7) = {ﬁN ’ :;8

WFR278 7 5%t (a, b)) NGCPs.

(2)

EX4 —DKEHNNEI2ICGCPs(a, b)25 i 2
%A
a; = by, OSZSE—I
2
N 3)
aZ:—bl,ggng—l

MFR276GCPs(a, b)) NIR X F#RGCPs(Symmetry-
GCPs, S-GCPs).
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EX5 —MNKEANNKI2ITCGCPs(a, b)# i 2 T THRS AR 3 20 (8) SR AIE B AR SC I B 1) B AR 2
X1 KA N+ 3T Z-H 4k OB-ZCPs.
g 0<i<_1 B (e, ) MKENNITHS-GCPs,
’Ni -2 } (4) F938& 20 (9) 1 7 Z1l 0t
Cl,':bi, *SZSN—l
2 9)

M#27cGCPs(a, b) NITHS-GCPs.

Turyn P KN MAINTIGCPsH 2 K FE
ANMNHKIGCPs. % (a,b)&—NMKEANNK2T
GCPs, (c,d)@E—NMKENMEI27TGCPs, NI
(e, lR—MKENNMIEIGCPs, WH(c, d)E—4
276S-GCPs, WMi(e, )& —1276S-GCPs. (e, f)H
X (5) 2

2 - 2
a+b b—a

=d
f © 5= +e® —

EX6 A(a,b)fE— DTN, i e st

pa(T) + (1) =0,N+1-Z<7<N-1 (6)
W2 76 17 51 5% (a, b) & —ANZCZ 58 &N Z 1T 25t
7ZCPs.

HE, NERKENKZCZYEE NZIIOB-
ZCPs(a,b), HZCZFEEZK LR RN (N+1) /28,
Bl Z<(N+1)/2,

EXT WEEKENKZCLYEE N ZIFOB-
ZCPs(a,b), G ®EAHM KX % EIA R & KME
(N+1)/2, Ni(a,d) #FRAZ-AALOB-ZCPs!,

SIE12Y WAEEKENNKZ-1OB-
ZCPs(a,b), HOZ-AACSsK/NR2pPY, pAIEZEL

|pa(T) + po(T)| = 2p , T ¢ ZCZ (7)

E X8 XHEE KN Z- AL OB-ZCPs
(a,0), WIHROZ-AACSsK/NA2, H2, XEEOB-ZCPs
BB -

3  HKEAN+IMZ-HILZCPs

ARG AT A T FI A IS F A . 15 (a, D)2
— KN NIIS-GCPs,  a1filazdy 5N FF 5l alty A
FBURE B o iFbo gy N 7 510 I - B Al
B, iy das i3, g2, Ja 50 B E B JF 5116 1 34 4
UNCV
3.1 HIZS-GCPsHEIIRZ-1{£LOB-ZCPs

MRYEE 4. 8 L6FIE LT, #7(a,b)iE— MK
JEANMITEIS-GCPs, M ik i B i (1) (w, v) &
KA N+-3I TR Z- 1A OB-ZCPsr) 78 23 2 A 5k

(5)

ec®a'+bd®ba}

N
pw(7)+pv(7):073+2§T§N+2 (8)

w= (i1||al||a2|i2||i3)}
v = (j1][b1][b2||721]73)
M| 4 iy = j1,i0 = —jo, i3 = —J3, ix, Jk € {£1} K,
(w,v) &K NN+ Z- AL OB-ZCPs.
WERR N TR, ASCEEN R T T TH
ARG O, RGPS Lo i 2a R B .
1FHR1 7=N+2

(N+3)—1—71
puw(T) = Z WiWiyr = 1113 (10)
i=0
(N+3)—1—7
pu(T) = Z ViVitr = J1]3 (11)
i=0
Jr A
pw(T)-i-pv(T):ilig +j173 =0 (12)
1EHR2 7=N+1
(N+3)—1—71
puw(T) = Z WiWi 7 = 1112 + api3 (13)
i=0
(N+3)—1—7
pu(T) = Z ViVitr = Jj1J2 + boj3 (14)
i=0
FirbA

puw(T) + po(T) = i1ia + j1jo + aoiz +bojs  (15)
MK Nao = bo, FrLA

pu(T) + pu(T) =0 (16)
1§5R3 7=N
pw(T) = i1an_1 + agiz + aqis (17)
po(T) = jibn—1 + bojz + bijs (18)
Kl Nan—1 = —bn-1,a0 = by, a1 = by, FLL
Pu(T) + pu(T) =0 (19)

R4 N/2+2<r<N-1
Lr=1+1, FIUAN/24+1<79<N -2, T2&f

N—-2—79
puw(T) = 107+ Z Qi Qjtro+1 120N —1—7y HI3AN -7,
= (20)
N—-2—T1¢g
po(T) = jibryt D bibigrys1+d2bN-1-r+isby r,
i=0 o)
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KN N/2+1<7p<N-2, Ff BIO<SN-2-
70 <N/2-3, ftan-1-7,=bN_1-7,, aN—7, =bN_7),
ai=b(0<i<N-2-7) , K0<i<N-2-7lff,
Hro<i+n+1<N-1; ¥r>N/2+18, H
N/241<i+79+1<N—-1, # H0<i<N-2
=70}, Baitrg+1 = —bitrg+1o KNar, = —br, AT
D¥e)
Pu(T) + po(T) =(i1 = j1)ar,

N—-2—7g
+ Y (@it + bitry1)
i=0
+ (i2 + J2)an—1-r,
+ (i3 + js)an—r, =0 (22)

zE BATR, R(8)r, BRI 1.
EHE2 W(e, b)) —NMKENNKIES-GCPs,
Fyit =X (23) (10 7 4 0t
w = (i1|i2|al||a2||i3)}
v = (Jall72]|b1][b2[|j3)
M2Yiy = ji,i2 = jo, i3 = —J3, 0k, Jr € {E£1}F, (w,v)
KNN3 Z-4LOB-ZCPs.
MERR AR AH OC R B 8 S, R BH 4% T TH 44
U FE T R TT o
FHR1L 7=N+2
Pu(T) + po(T) = iriz + jijzs =0 (24)
FH2 7=N+1

(23)

puw(T) + po(T) = idgiz + jojs +i1an—1 + j1bn—1 =0

(25)
1§53 =N
Puw(T) + po(T) =t1an_2 +i2an_1 +i3a0 + j1bn—2
+ jebn—1 + jsbo = 0 (26)
1EH4 N/24+42<7<N-1
pu(T) + po(T) =(i1 = j1)ar,—1 + (iz2 — j2)ar,
N—-2—7g
+ Y (@it + bivry1)
i=0
+ (i3 + j3)an—1-r, = 0 (27)

gk LATR, (), EHIAFE,
EIB3  W(a,b) R —NMKENNIES-GCPs,
it =X (28) i 5 4t
w = (il||a1||i2||a2||i3)}
v = (j1]|b1]|72]|b2|[J3)
MYy = j1,i3 = —Js, 0k, Jr € {E1}H, (w,v)RKE
ANN+3HIIHZ-At AL OB-ZCPs.
UERR  ARALLHE, ARIEAH SRR E S, o I
AR BRI

(28)

1BH1T 7=N+2
puw(T) + pu(T) = i1i3 + j1j3 = 0 (29)
1BHR2 7=N+1

puw(T) + pu(T) = d1an—1 + j1bn—1 + aoiz + bojz = 0

(30)
1BR3 7=N
,Ow(T) =+ pv(T) =i1an—2 + apan—1 + a1z + jiby_o2
+boby_1+b1j3 =0 (31)
1E§H4 N/24+2<7<N-1
Puw(T) 4+ po(T) =(i1 — J1)ar—1
N—-1—79
+ > ai(@igr + bigr,)
i=0
+ (i3 + J3)an -7, =0 (32)

R, (8. PR3
3.2 HIIE!S-GCPsHZEIE Z-1t{£LOB-ZCPs
W (a,b) & — MK E A NIIIRS-GCPs, (w,v)
KA N3N Z- AL OB-ZCPs I 78 43 46 1 A
230 (8) AL
4 L (a,b)E— N KENNITES-GCPs,
P R (33) i 21 %t
w = (i1||a1||a2|i2||i3)}
v = (j1]|b1]|b2]|72]l73)
M 24 iy =—j1,l2=Jo, i3 =173, ik, jr € {£1} B}, (w,v)
KN+ Z-Hi 4L OB-ZCPs.
WERR R AH G RR AT L, IR iRE T
% TH AR 3T
FR1T 7=N+2
Puw(T) 4 po(T) = i1i3 + j1j3 = 0 (34)
FH2 7=N+1
Pw(T) + po(T) =d1i2 + j1j2 + aoiz + bojs =0 (35)
BR3 7=N
Puw(T) + po(T) =t1an—1 + apia + a1is + jiby—1
+bojo + 013 =0 (36)
EH4 N/2+2<7<N-1
Puw(T) + po(T) =(i1 — j1)ax,

(33)

N—-2—7g
+ D ail@iprggt + biprgt)
i=0
+ (i2 + j2)an—1—r,
+ (i3 + j3)an—z, =0 (37)

Bk, (8)T. R FMAR T,
EH5  #(ab)E—AKE N NIIHS-GOPs,
Faite e 5%
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w= (i1|i2|a1||a2||i3)} (38)

v = (j172/[b1][ba]]3)
M| iy = —j1, 92 =—Jo, i3 =73, ik, jx € {EL}, (w,v)
F KN N3 Z-1t 4L OB-ZCPs.
EIE6 & (a,0)@— KN NIIIIALS-GCPs,
43 - 51 5

w= <i1|a1||z'2||a2||is>} (39)

v = (Jul|b1][72][b2[[j3)
M 2iy = —j1,i3 = ja, ik, jx € {FLH, (w,v)2KE
NN+3IITRZ-47t4L OB-ZCPs.
JE 5 H1AE 36 1 E B I 12 5 e BE2 F05E B3 A
Bh, HTREAR, UEHA.
4 PMEPRHEXMERITE

OFDM 2 —Fh 23 A HIHAR, erEEEE
R EAMEE S A T MBI ER R FEE, 45
A FAZIE [AIEAT S AL S o 0 32 AR A 4
SEA R, MEREEEIIH, RGO IEEK
UK AR . OFDMPIA & 2 Ab 3 BLRIAE 13K,
WANEAR K, OFDMAS 5 (K08 FE W T = W 4
i, MIAAEERZ, SHPMEPRE A, HXHK
KBRS SVEEIA /D, D/AZE W% 1 FR AR &
R LR R P 2R VS PE AR, Sie SRS S kE
AARBETR . Kk, J/NPMEPRZOFDM &4 H
— AR B )

" —NEANSTRENZHE R,
AfFETFIHPEIEE, foNBREME. ST —MKE
NNEFHa = (ag, a1, an—1), FHLZHIFIKEE
SYERF S R 0 <t < 1/AfPR AR (40)F 51
SR

N

Tut) = Y axexp@mv/=1(fo + AfK))  (40)

k=0

_

B35

N-1
ITo(t)]” = pa(0) +2 D Re{pa(r) exp(2ny/—TAf7t)}
=0 (41)
Hrh, Re{oP AR HE RIS X T 5a, & X
HZ2 HPPIVAE 5 HIPMEPR N
PMEPRm):—l sup |Tu(t)| (42)
N0§t<ff
BT, FAHFZRENPMEPRR) 5 15 # 7 2
FEPMEPRAFHE 5 P8R 2 a4, a2 PMEPR
S B Rw sE i, 58— sPMEPRYMEfE
AR U B R 3R

FE T OCHR[20] TR 45 H 5 R R N T ik, ARYEHER
AR, 46N 19305 76 BE AL N 51 i
Uty B R, S 10FE N L. @t L
RO B R, HE SCHER[20] H 895 R0 4 A\ 5 VAN
A 3R RN T VRN BEPMEPRA 2 (W
F1)o FANPIFI T, BI4EAVE (1,42, 43)[|a1||az2);
(415 52, 33) b1 [[b2)FHE NI (an [az]| (i1, 2, 43)); (b1 |[ba]|
(J1:J2:J3)) o8 N T WAEA X 5B EPMEPR
BB R, A SO S R 3R EN T 51 5 SR 55
FENFHPHEAT BT L. SAf=1, A%
PR, PHIKERNISE, RIGFSNe=(1,1,1,
—1,1,1,1,1,—17—1), {[’Eﬁ)\ﬁ%ﬁﬁ'\ji:(l,l,l); 1
IAZHT, FHKENILIN, JF@ETFH N =
(1,1,-1,1,1,1,1,-1), Tfﬁ)\ﬁ%ﬁj'in(l,l,—l)o
B8 N FF AN (42) R Bl AT TR, R 1R
TAY J TR QAN [R] 4 N\ P 51 R R i 25 AT

BTG H 7RI 264 S P A BE 130, 87
AN TR PMEPRBERS [ AR R . 45 RERW,
BaE I 3G 0, P AlEEE TR, Hfnew?
FFHIFIPMEPRAE Sl . [RIE, AN ST i 7 41
new2/EfFKPMEPR _EAR T HARTHE N T 51

Bl225 T RTS8 A NP A EE 11, 8%
AT EFIPMEPRBERT [A] [ A8 40 0 R . 45 SRR,
BEE I TE B3I, PMEPRIZHET K, Hrfnewl /¥
Y BE RIKMWPMEPR, HiXfZnew3, known2,
new2. HIMHTHI: newl<new3<known2<new2<
known1(known3/known4/known5). Kk, A3
¥ BET T Blnew L7E FEIEPMEPR AR T H R 7/
fHNFH), Hnew2Hinew3 T K& T known2 LA/
HAIEN T

F3AE 453 B 25 T AR AIR 2 4F F, 8Fp
N JTIE P MEP R T 414K B 128 14 K 1) 28 A O%
Fo BEMLA A FKERFH RIEAE TG, Eid 5
FE RPN, R A FH B H A RIHE N B 751
AT BT S, BUREAL RS PMEPR I F 33
. GREFY, ERERLTFNLEN, FEETIK
FERIHE M, PMEPRIZHIHE INH&E T FHa, A3
¥ 38 1 3R N 7 5 M PMEPR Y /N T E 50 1 7
Hlo BRI, AT IE T PIERAKPMEPR _EAL
T CE5F R N 741 .

i L, ARSCHME RS ENF S, TR
AT, 5 CRB5MEEAFFIAH 5 2 A 5
fKIFPMEPR, H /A R#E B & 7K, dFEARK
. AN ARSI F 5], LR AR
PMEPRA AL 7 HIPERE -
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#= 1 1B RIBME Y
11 (w,v) R4 TR 41
. ((i0)lla1llaz]|(i2,3)) ik, jx € {£1};41 = ju; ik, jk € {£1};41 = —ju;
few (1161 [b2]](d2, 33)) io = —j2;13 = —j3 io = j2;i3 = j3
) ((i1,32)a1laz|l(i3)) ik, i € {£1};41 = ju; ik, Jr € {£1};41 = —Ju;
new . . . . . . . . . . .
(g1, 52)1111b2](43)) io = j23i3 = —Js3 i = —jo;i3 = j3
5 (@) llax|l(i2)llaz|l(is)) ik, jx € {£1}; i, jx € {£1};
new. . . . . . . . . . . .
(GBI (52)11b2]1(43)) i1 = J1;i3 = —J3 i1 = —j1;43 = J3
. Lo ((i1,82)]la1]|(43)||az) ik, gk € {£1} i1 = ju; ik, Jr € {£1};41 = —Ju;
nown . . . . . . . . . . .
(g1, 52)11611(43)11b2) io = j2;iz = —Js3 i = —jo;i3 = j3
S (a1ll(i1)llaz]|(i2,i3)) ik, Jk € {E1};i1 = ji; ir k€ (X141 = 1 — jn;
How (b1]](51)|[b2]|(j2, j3)) ia = —ja3iz = —js iy = jajis = Js
—— ((@1)llax]|(i2,43)l|az) ik, Jr € {£1}; ik, i € {+1};
nown . . . . . . . . . . .
(GBI (g2, 53)11b2) i1 = J1;i3 = —J3 i1 = —j1;43 = J3
— (a1]l(i1,92)laz|l(i3)) i, Jr € {£1}; i, jx € {£1};
Howh (b1]](51, 52) Ib211(j3)) i1 = jisis = —js i1 = —j13i3 = js
k 5(20] (a1]|(i1,i2,13)||a2) ik, Jk € {£1}; ik, Jjk € {£1};
nown . . . . . . . . . . .
(011(41, g2, 33)1|b2) i1 = J1;i3 = —J3 i1 = —j1;93 = J3
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