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Abstract

Space modulation (SM) is a special multi-input multi-output (MIMO) technique that activates only
one transmitting antenna per symbol duration. Recently, binary correlated Z-complementary se-
quence pairs (CZCPs) have been widely used in the pilot design of SM as a new type of sequence
pair in frequency selective channels. CZCPs refer to sequence pairs with zero autocorrelation and
zero correlation within a specific time delay. This article constructs a class of CZCPs with length
4N +6 and width N +1 based on a combination of insertion and cascading methods, which
makes the selection of CZCPs more flexible and has a new type of length.
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1. 531§

Z- T ANKH(ZCP) 2 X oA ZFAH K X (ZCZ) B AH 1 5 (4% 77 ELAMGT (GCP) B9 R [1] [2]. ZCP Hrpg~4H.
HOF B A A RE L ZCZ W . 5 itH] GCP AN, ZCP "l LLEA B RIGHKE . 78 2007 74k
AN[21$H ZCP Tix—ME& LIk, T EEAFKE R ZCP it O &M 7 K& 7L [3]-[11]. &4~ GCP,
ZCP # &R FH 7 Z106] (A 8 AR DS RISk e U, R 5 R P 5 IR B AR G, I BT i ¢
PEAGIE T (1923 [ ) (SMYRAL DI ZRAERE IR AR . B T4 58 2 5\ 24t (MIMO) ¥ 35 82111 25 /7 371 AN FH
THHT SM HARM RS, XIFRFENEE T —HH0F 5%, RHEAHAR Z-TANF 5% (correlated
Z-Complementary Sequence Pair, f&iic A CZCPs). HAHIE Z-H 4N F1I%f A& 7E Fo e 2 (i 4 - HoA R
HH E A SCANFN AR SCRA W FF H1 . HAROC Z-HANT FIR[12]1F A GCPs BB AT %, AT LU Rt A 1
SM AL I ZRI et . CZCP AT LLZ FIE SM R Gt I kP 51 LA 745 () 0 (IS A 2446 46 51 i
WS (B FPE(CH) [13]. Fik, X FaFFE—M#i A CZCP, ZAEwES,

£ 2020 4F, Liu S8 N[12]48 LR T KR 297107267 (o, B, 2 0) 12" (m > 2) 1] GCP +& CZCP.
[{4E, Fan, Adhikary 28 A\[14)$2H 7T KEZ 107, 267 1107267 [f] GCP t#R/& CZCP. Jf HEA 1Ak 2
Ml CZCP. AT FIRIAALZLER CZCP MK RS, Adhikary 25 AN AR N BRE[15182H TKER
27110726 +2 , FHMIKIX(ZACZ)ME H AKX (ZCCZ) % & R 297107267 +1 {) —dEHIAPUAH czCp, H
Fa>1, By>0. UIRIRE T KERNER 2x107 +2. 2x267 +2 f12x107267 + 2 K. [AIHEH —
E Barker FF AR T (12,5) A1 (24,11) i) Bcfii-CZCP, M43 (12N, 5N)5FH(24N 11N) ¥y CZCP, Hrf
N 9 GCP f{IK:J . 2021 4, Huang 25 A[16]#i T K8y 2mte2vt, g5y 27D 4 2V —115 CZCP., [
4, Yang SFAN[17], & TKENAN +4, BERER 3N/2 (1) CZCP. fxil Fan 58 A [18] A& 53] 7 —F
KN MN, BN (M/2-1)N +Z 9 CZCP, HHt N =210°26", Z>1. JFHAH T KN (96N,47N)
AM(112N,55N ) ¥ CZCPs. Hitk, Ny 7 #t— D WA CZCPs HYIEHE Fl, A SCAEIX e AT IT AL I
KAFNEMGIRSEH T — PP MG 7, 5380 7 —MKBENAN +6, FEEEAN+1H] CZCPs. HH
WA S, RARNSHEE R,

KL, £ 270, MR T —SUFEMARNNMAS, X 583 W T AR R € it
B kit 750, 4 4 TR SOHEAT T R4

2. FE&HENH
THI & — e 2 ) AR R R

RS BIRFHL AL Cd 7 R “d 7 IR L, R M RORTE LA
iR “allb” &apEsla b KPR,
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BN Ba=(aga,ay) KN NIG— S, WRHLa e (+L-1, ic{0L N1}, Il
B HIREN = TeF 5.
EX 2 XT—AKEANKZITFIIN (a,b), & I I H AR 5 6 $(ACCF)
Py (7)= Nfraibm, 0O<r<N-1.
Hazb. p,, () B NI IEHEEB(AACE), EH o, (1) .
T3 BRSNS (a,b) WAL
Coipa(7)+p,(7)=0,  7eT, UT,;
C,ipap(7)+ppa(7)=0, 7€T,,
KT, ={12,Z}, T,={N-Z,N-Z+1--,N-1}, MEFH*f(a,b)*H(N,Z)-CZCP.
R, 42 =20, EFSIR (ab) it CZCP.

SIEE 1 [12]F51I%f (N,Z)-CZCP i 2 Z <N/2 . 4 N A% H Z =N/2 i, CZCP FRy5e3kaiiiibi
GCP. M, 27 <N/2If, #FHNIEESE CZCP,
5E L 4[15] (N,Z)-CZCP HIHANX Z H AN H A (CZCR)# & SUA

CZCR = Z

Hort Zmax FoR A Re ik B i R 4508 P FHCRE N 1) ZCZ 55 . W98 CZCR <1, * CZCR =11}, NMixX
FEI) CZCP AR A HReAR -
SEX 5 GCP(c,d)#iFrA GCP(a,b) ) HAMT AT, i
Pac(7)+pog(7)=0, 0<T<N-1.
G2 % (ab)—4 GCP, Ml (c,d)=(b,~a) % (ab)#— AN MERT .
EN 6 (AR a= (a8, ayy) 2 MBI NKFH, & L(a,r,x), B re{0,1:,N},
WA TCER x PERKEA N + LIPS

(X398, 8y4), r=0;
I(a,r,x)=1(a,a, - ayX), r=N-1;
(aO'ai"”’ar—llX’ar+l"”'aN—1)’ E{J@%{R
3. faik
F38 T ¥

B (% y) RN 27107267 (H W #EH)I) GCP 7 41I%F, a=x|y, b=x|-y.
iy, iJ:(c,d):(B,—é), (c,d) /2 (a,b) FI—ANEAMRHEX, Blec=-y||Xx, d=-y|-X.
%zﬁ=ﬁém&mﬂ$ﬂ¢,@ﬁﬁA@ﬁ,ﬁ%ﬁh@@@p@%w_QﬁAﬁ%

g=(gllgz,gs)=(—l,—1,—l); h=(hl,h2,h3)=(—1,—l,1); e:(el*ez'e3)=(_l'1’_1): f:(fll f,, f3)=(1'_1’_1)’
53

p=allc=g, I xI[g, I yllgs M 1=V hy [ XNy

a=blld=el x|le,[|-yllell f =Vl f, [|-X]| f,
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ER Ll BRAE T, W (pog) & (4N +6,N +1) ) CZCPs.
WER: WV =XV, =Y,V ==Y, V, =X, W, = X, W, ==Y, W, =—J, W, =—X
— 7 H1 7% h& H A M,
B 1 Hr=1/,
Py (1)=09.8+ Py (1) +goay +gay + Py, (1) + gsa,y_y +295h, + hic,
+ P, (1)+hyey +hyey, + Py, (1)+hyyy 4
=—a,+p, (1)—ay,—ay +p, () -,y +2-¢ +p, (1)
—Cy —Cyy 2, (1) +Co
Py (1)=eby + p,, (1)+eby, +e,by +p, (1)+eb,, , +2e,f + f.d,
+ Py, (1) + F,dy + fody 5+, (1) + fodyy
=-by +p,, (1) +by +by +p,, (1)=b,y , —2+d, +p,, (1)
—dy —dy,; + 2, (1)—dyy
FreL,
P (7)+p,(7)=—a,—ay —Cy_y +Cpy —by+by —dy; —d,, =0
Hor, W (xy) 2% GCP, Ak, IR MMER, A p, (1)+p,(21)=0, p, 1)+p, (21)=0,
P, (1)+,ov4 (1)+pW1 (l)+pW2 (1)=0. [, cyy=-ay, Cuy=ay, dy;=-by, dyy =bye
0L 2: HIE2<c <N, HEMKERA,
Po(7)=01a, 4+, (7)+ 9,8y, +Goay 1 +2, (7)+ Gy . +0sC.
+a,y, 0 +he  +p, (7)+hey , +hey +p, (7)+heyy .
=-a,+p, (7)-ay, —ay.. 1+, (7) =8y, —C o~y ,
€+, (7)=Cyir —Cnr 2, (7)+Coy .
py(7)=eb. ., +p, (v)+eb , +eby,.  +p, (7)+eb, , +ed, ,
0y fi+ fid, L+ 0, (7)+ fody ., + fody .+, (7)+ f3dyy
=-b ,+p, (7)+by_, +by,. 4 + Py, (7)—byy, —d, , +byy .
+d,  +p,, (7)=dy o, —dy . +p,, (7)—dy
Fred,
P (T)+pq (T) ==, — 8y, ~ 8N ~Crp ~ Oy, +Con, B by — 8y, —d, —dy_ —dy_ =0
Hr, BT (xy) & X GCP, Rk, MRIERHEXNHIER, H p, (7)+p,(7)=0, p,, (7)+p., (7)=0,
P, (2)+p, (2)+ o, (7)+ P, (r)=0. FI, ¢y, =-ay,,1» C ="y ,» Cy, =8, by, =-b,

dZN—r :bN+T—l’dr—2 =N, o

0L 3: 43N +5<7<4N +4
Py (7) =01 ons Py, (T)"‘ hsay g,
pq (T) = eldr—ZN—S + pwl,WA (T) + f3b4N+47,

Py (T) + Py (7) =0:C ons t Py, (T) +hyayy Fed oy s+ Py wy (T) + f3bynis, =0

il
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e, Coons =0 ons Quniar =Dania, o
0L 4: Hr=4N+5

pp (T) = g1h3

@R p,(7)+p,(7)=0o
U7, & H A M

500 1: 13N +5<7<4N +4
Poa(7)= Gunia e + Py, (7) +HeC, oy s
Pap(7)=buy s+ Py, (7)+ Tl o s
Poa (D) P4 (7)= Gunra e + Py, (7) F0eC. oy s +8Ba + 2y, (7)+ fod, 5y 5 =0

H, e s =0, s Banear =Diviar s Py wy (T)+pm,1,v4 (r)=0-
L2 A —4N+5

i bpTiR, FTHRKIXNZ=N+1,
Bl 1 ik (x, y) AKEAN=10 ) GCP, HH x=(++—+—+——++), y=(++—+++++——), T
bG35 p.g

P=(—++—F—t——F+—tt -ttt ———tt————— Fo——tt——t—t—+++)
g=(—++—F+—+——+++——+————— th—ttt————— tm———— ++—t+—+——-)
HEAHRAA N

(|pp (£)+p, (r)|25) ~(92,0,,,0,4,9,0,0,8,4,0,8,0,0,0,0,0,0,, ) -
HAHFRI N
(|/op,q (£)+ Py (z')|25) ~(0,0,4,,12,4,12,,4,,0,,4,8,4,16,4,0,4,8,,0,4,812,0,12,0,4,8,4,0,4,0,,)

FrLZ 7o R — KN 46, T8N 7 =11 1 CZCP.
] 2 ik (X, y) HKEAN =81 GCP, Hft x=(++—++++-), y=(++—+-——+), i L&
Jiik, 3% p.q

P=(—++—F+++t——tt—t———t———ttt—F——— =+ttt —+++)
q=(—++-++++—t——F -ttt ———t————t——-)
FEMFRMI A

(lp () 2 (c)) ) =(76.0,,8.4,,0,08,,0,0,0,0,0,0,)
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(|pp'q (t)+ .y (r)|;‘5) =(0,0,4,,12,4,12,,4,0,,4,8,4,0,12,8,,0,4,8,12,0,4,8,4,0,4,0, )

PRLAZ P82 — K 38, GEfE 8 Z =9 1) CZCP.,
FE LR, RS T BUATAEAE M CZCP I 5 A 015 4 kAT 1 L.

Table 1. Existing CZCP
= 1. WAFAER CzZCp

Sk (N,CczC2) PR & CZCR
(2n,2m) m>2 1
el (2N,N) N =2°10°26" 1
(2" +2,2"° +1) m>4 112
(2x10” +2,4x10"" +1) B>1 2/5
[15] (2x26" +2,12x 26" +1) 721 6/13
(2x107267 +2,12x10726" " +1) y>1 6/13
(12N,5N), (24N,11N) N = 2°10726" 5/6, 11/12
(107, 4x10”) B>0 4/5
[14] (267,12x26") 720
(10726*,12x10726" ) >0 s
[16] (2m+2mr, 2700 4 20 ) m>4,0<v<m-3 2/3
(2m2+2m, 2m —1) 7 2/3
(2m +2m2 4272 2™ 1) ¥ 417
i (4N +4,3N/2) 3/4
N =2°10726"
(28N,12N -1), (24N,10N -1) 6/7, 5/6
(MN,(M/2-1)N +2) N =210°26",Z >1 M -1/M
el (96N,47N),(112N,55N) N = 2°10726" 27128, 55/56
SEH 1 (4N +6,N +1) N =2°107267 12
4. BE5

ARSI e e i g T I R IE I AN R R T iR A ) CZCP,  HLRAR SR AE N = 27107267 [f) GCP
(EERE b, RIS A TR NG IE A T — KB AN + 6, FEREAN +1, HAHK Z HAMXEL
#(CZCR)A 1/2 1 CZCP, SIAAAEN) CZCP ML A —FH MK, NJE4: SM # CZCP [1ik#H42
NI Nprt= N
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