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* Binary PNAIRI~E, &

s e {o.1}
e PNAIRIAS] F7]e N=2"-1, 4714 ne A
F F
N=7,15.31,63. 127, 255,511, 1023,
2047.4095. ...

- PNARAE F71% Zed

s(D=s{+N), 0<t< N-1

GMWA| Rl
Kasami*| 2
* GoldA| &2
e BentA|F 2

* =(No) A&

ol2lglt PNA|IAE H237] 2]t trace &
o] gt He)E wA E=3ledo} Zr}. Trace T
finite field25-€] subfield22] Agvlgald] o] §
45 PNAIR 29 dAls}t £48 9% 523 5
A wrEs de] AM-E, &, o282 binary
PNARAEL trace ¥ FelZ 28" F irh
leje] F AL 4, m>0, minel N, trace T,
tr, ()& Tt - WA o Aol

mw=zﬁﬂ (1)

7)1 4 y= GF(2") 9 & o]},
el A= trace G5 o)dsle] FAI7L N
=2"-12l 9J2{7}x] PNAIRAE ohe-7) 3re] g
= oleh o] A5 ol dEted m-ARA, m(DE
m) =7 (o), (2)
3714 o= finite field, GF(2") 2] primitive ¥4
°]3l m-Al@Ae FrlE N=2"-10lB28 & 0%}
2"-2 Abole} e zhErh GMWAIRZA, g()9]
Aol g3 Rt

g0 =i (@O, 3

1714 av GF(2™M) 2] & primitive Y013, mln,
1< r<2” -1, ged(2" -1, r)=10lth lellA] M=l
m-Al 2o} GMWA| - 2 o] Ajgdzef) o & 4]
autocorrelation A3 A& Feishz A-$-olal chgel
AolgE AFMAES AR F(family) oA T
Well 2le AlFAEAR]S crosscorrelation ¥ 7+
AlA 259 autocorrelationd FTeishs 7§l
Q

A Gold A1 AT-& o537t 7o) o=l &= qlr.

Seua =i 10<t<N-1, 0<i< 2" @
;) =t (o) +477 (0 D) ()

7)1+ = finite field, GF(2")2] & primitive ¥
ZolH g oS EAITIEE AgE|ejo} ot

* n#0 mod 4, &, n< EFT ET n=2 mod 4

o g BROIWA, ¢g=2f+1 mE ¢=2%-2+1

e nol EFol ged(n,k)=1, n=2 mod 4°]9H
ged(n, k) =2

TR s, (D 0] (@) l2, 5Dt (afD) e}
g o] FAIEAE ¢7F $19 2UE wEA|FHA
prefered pair Al@22} gch, QoA A2F Gold
ARATY A9 74 APxe] Frle N=2"-1
olm, AlFATWY A~ F(family size)=
N+2=2"+10|c},

KasamiA| &2 Aol GoldA129] 59}
H]s=5tA] olelle} zho] AMoj® 4 i)

Skasami = 15: (D10 <t <N-1, 0<i<2"-1} (6)

5; () =t () + 67 (y;aTH) (D
3714
*y; €GF(2™)
e F7] 1 N=2"-1
*n=2m
n'.—
o« T = sz_i =9"41]

o« T A7) 2"
* o GF(2")9 primitive Y&
Ao 2 A AT o 7he] Ao}
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Sne = s (D10 <t <N-1, 0<i<2"-1} €]

si (O =Tl () + v a7} (9)
o 7]4]

s vi EGF(E@™

o F7) I N=2"-1, n=2m

*T= 2,:——1 =2"+1
2”1
o o) =7 2"
a . GF(2M)9 primitive &
e 1< 7<2”-1, ged2"-D=1

3. PNA|Z A2 AR v]52] A

oleja ARz eleld mesw e Yl
YAEE wal thest e ATel ek

¢ Qut-of-phase *}71’3 7t (autocorrelation va-
lues)

o 245 237 (crosscorrelation values)

* Nontrivial partial-period 3t

* Linear span

¢ Balance properties

¢ Cyclically different#] 229 A=

o TH folA

A1 ojzizix] Abstzlel] digk A E R o3t
e}, F717F Nol PNAIR S, s(0) 9] A7) akagdy,
R,(D=

N-1 ¢
Rf(©)=E (- @+sro (10)

2 AHosledl W& nontrivial £¥ out-of-phase
A7) 48z EAlol 4+ §7) 3 synchronization)
ranging, TF7 23l &t diversity® A8 F
83 F4jelr}). ze]aL o]2igk PNAI A7) ‘Q’Ei}q}
AL4" A$ole correlation ¥l WA ¥

b4 #7] #18l out-of-phase 7‘]-7]"01’&%3"] ’—}
ole} Fh}, F717F Nl binary PNAE2el digh
o)A ql A7) ARF~E nontrivialdd B$ofl -1,

trivialal 7d-$-o N3h& 38l & ©r] 5709 ghebs
Zhe ot &,
N, if t =0 mod N

Ry2)= { —1, otherwise (v

oJairfe] AlA Az} £ s PNAR AT AL
ol AlFagu el efe] A|FAE Aol 2] correlation
E4Jal crosscorrelation §5-% #isjjofsl=dl o]
ZA$% PNAIR27 ohE38412) correlation 57
el A e abdAlg FrAlEkr] el 2R g e
7o) wigtalghd] Fohe] Al 5 (). 5 (02 cro-
sscorrelationell Mg Ael= b3 o] Foizlel

_qm

N-1 ‘

R f0)=Z (-1 0+ (+0) (12)
Welcholl ]84 =%l Hofj 43kgtol & lower
bound PNAI R AT At A2 5rbsher
A5 o] g-Hoh, A1 F7)7}F Nal A7H4 PNAE~
ol di#lA FH out-of-phase autocorrelationdt,
P2+ # Y crosscorrelation#t, P& 747 o3} 7ol
A ol gic),

P, = MAX MAX |R;(0I 13
i 1<t<N-1

P, = MAX MAX IR, (ol (14)
17 0<t<N-1

o] FAogrE] PNAEAT ] 2D no-
P THEa) 7ol A9

ntrivial correlation @,

=}
Pour = MAX(P,, P,) (15)

P38 Welch boundel] 2l obg-3} o]
lower bound€ltt.

max—N\/ANl (16)

Z7]7F N=2"—10]32 PNAIG AT o4 PNAIE 2
2] A7 A + 101 5 = 2m 2] 7%, Welch bound
E o o] Hd9 5 gl

Puae > 27" +1 an
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aje}x o PNA R APl A P, 7H 2" +19) e
=T} Bt T PNA T2 correlation 43 el
gt 2%l Al-AaFelch, adddl A4 PNA
= F77F ol 7 AR AMEEE )
-0 2 el #fedls AF7](full-period)
o8t correlationd T3= ZHErhe partial-
periodell 3t correlations T-dhs 7o) A4Hq
ol 4] -4 7o HEE M v A7l Ha

sl¥dl, PNA]®22] partial-period correlation A
AL BT A% A AR A9 ARz}
& A7) diiEelch o] #HS AHe)E x4
o3 7}, Partial- penod, Mol gk partial-

period autocorrelation 37

M1 5
C, (5. r)=[>::0<—1)5"+b *sltem) (18)
2 Ao]= 3 partial-period crosscorrelation
M-1
C(8.0)= 2 (=) (r8) v (tro (19)
2 Aoxic)h

PNAR29] BaAdg vepll s d5g Algda
2] linear span& Z ol B2 IHAlS] tiite] 3w
len, 1719 5842 & linear spang ZHE Q&
Al D&EE A 94 dA =S intelligent
jammingel ™ FH=E protectionel] & 7|
"ok, zels gEste] AMS-ElE A9ole linear
span®] F5F ¥|Z7] Folre ZlojBy otFdg)
L&l e w9 F2% AAR = 4 9ok, Linear
span, L& 2] nled AAst7) 24 nje] of
ofoksl 7o) wlESR HelgEd ofgd e
TAoZ 3" = ol

s :’élla,"s(l-i) (20)

2 -eg-ftx & Auren e
So) A2 e PNARAS Adsks gio] v
Aslehe A epich o] A
sl ol PNAIRI 2~ &
08 Aol A=A Hegeh

714 halance property@}
F71Hell A 19 A5}
oleigt 7} 1mx}

2gu)

N

[}

N
T (-1 (21)
=0
o]2{&t 4] A% balance propex‘ty% pAR S ST =
ARS Ve Al 2] AT AN AT
Traste] A aloll gt BatrA) o] HE 2 s
g 9lomg MR ofE AT Agr) woke
.]

72 whA S gl elal gk AR ATl A 9
M o ARz e F5E alabe s
Ze R HpEa 9l

Z12] 1 span propertyi'}‘\% 7o} sl o]& t}
T3 7 oA E Eete] A =
PNAIA A7} vpg-3) 7he] ‘3}%75‘125—— Fol# qlguw)
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0111101011001000111~ -~

olef el zlo] 7} wIEo|A Azl 15709] 4-tuple
el E A 2ghd 15702 WE)7} (0,0,0,0) F A 2%
= 4-tuple MELE Vel B of#d PNAR
2~ span property”} lthal gho).

(011D (1111) (111 (1101 (1010)
(0101) (1011) (01100 (1100) (1001)
(0010) (01000 (1000) (0001 (0011)

Z7]17} 2" 19 PNA)RAA7) o83 e Aale
%291 7% run property7} ki g},

%

No. of Run Length 7/ of 1's or 0's for
1<i<n=2:

No. of Run Length n—1 of 0's © 1

No. of Run Length »n of 1's 1

n—i-2
2

o}eflell run property® Z= F717F 1591 PNAR
22 & £}
Example : 0111101011001000111- - -
No. of Run Length 1 of 1's or 0’s : 2
No. of Run Length 2 of 1's or 0’s 1
1
1

No. of Run Length 3 of 0’s
No. of Run Length 4 of 1's :
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4. oJEi7}A PNAIAZ9) HIEEA]
sbdoll 4 gy ubel o] PNAIEAS) AAHE
Foll 4 vlzo} flstel meE £ e AEL

&3 2k

* Period

* Full-period autocorrelation

¢ Full-period crosscorrelation

* Partial-period autocorrelation

¢ Partial-period crosscorrelation

¢ Linear span

 Cyclically differentdt PNA|R2T2] A5~
o 3 AT A Y Al A

* Balance property

* Existence

olg|dt PNAIRTE2] vimel R AH &
F7], A|32=2] 7B<, linear span. balance prope-
rtyEe] AA 9 ofe]7}3] PNA|F2el A 4-€ o o
5o Hgel A FAoE FEH F deng
71%2} %l PNAR 2o 288 slr] g9
F|aEyod AlEEE 79 PNAFZAS] ®EE
Ak o g a5 £ ok 3PS 2L ook
akoll 4 <1g5l olv] deiAl oJe]r}=] 2] PNAH 9]
ol o] AAE] %A H4H 5 deAE
By vg# 7heh. 4 full-period autocorrelation
AL B mAlFs, GMWA RN 3] A
A2 4 AHel" ideal autocorrelation 3-8
b=}, ejn A FATE L8she 79T auto-
correlation®} crosscorrelation A3°4-& 74 228l
=, GoldAl&2, KasamiA|fZ, kAl 29
correlation 3 %-2 Welch bound®} ZAzlel| 4 3=l
474 Zhech b4 Ao 57]71 27"~ 190 Kasami
A2, bentA] 2, 22]5L k=A% 29 correlation
e o 7o) FoiA A Hroh

[-2"-1, -1, 2"-1) 22)

weld ¢]e) AR5 3l correlation 4%
2t glem g ofF At A 2% corre-
lation FAd 7 E4E Zevty B 4 Uk

4] AFF A1RW2E-§ partial-period correla-
tion2] ZAR|el A B m-Alf2rt 7P AU A
Sl delA glovt 2 oe)elef e e oy
2 ol Aol gl oivksld R partial-period
correlation®] »1-$- #4135}7] ojed-& AAle]r] wlF
ot}

Al 229] linear span< Bl A gked sl Al e
A Fo A F7)7F 2"-19] m-AlEs9
linear span-d n°li, & F7IE 2t Gold A&
227 o] 2 A1~ linear spans- n & 2n0]
o}, %77} 2”"-14) Kasami AlR&F W] 2+ A
Fx 7Agele Hd linear span®) n+mS2A, F
7loll ¥]3) linear span°] ¥I$ #-& A|FAE F2
e g 93ls AuyqlasiAnye Jlasrglon
AME5 7] o]2d-g- Al 22Eolrh. ©]2i linear span
o] Fe wh-g Hwksled R linear spane] v
+ 72 MRRES 2g oe) o). 4 Fr7)
2"—1=2""-1 9 GMWA]R2:9] linear spans Tt}

=3 2k
Loyw=n- (;%)w’w“l (23)

ANH wi(t)+ & binary2 3L A4
Hamming weightel si=dsict, 1e]x ey A
o8 F717} 27 -19) A RATRE 0A AR
29] linear span-e thE3} o] Foizic

Ly, (D mjl;Il{ZLl 1-2 | (2m+5i)/gi—l}
(29)

7 AR AT Y A|FAEE A2 thE linear span
g Zha 9lov) GMWAIE2r} bentA] @29 A
$2} oA R 2 AP0 BE AT tjeds)
Z linear spang 2Z'E ik whebAd ofeidt GMW
AlF2, bentAlRs, e kAl A= i
near span®] XA Buf gz sPA| el A3
7Zl=efgo] & 4 olch

izl F7lel dlsle] cyclically differentdt PN
AlF AT v PNAIIAS] AS5E 29 295%
I EAled A HA AM-EE ole Al 28
g FHAATE Zlo] HER vEE SURIATE
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nlaba) el Ay ke zto] ozl WX E 1. Cyclically Different® PN Al A
7] 2%-19 cyclically different¥F m-A]22] 7N n Period Niasami Nag
A L.
T . 4 15 2 2
¢(2"-1D (25) 6 63 6 12
n 8 255 16 32
01714 $(A) &= A2t AR Ao I of) 9lemiA Axclh 10 1,023 60 360
e Fol Wee] AG2 Welse golch, el | B 409 14 864
14 16,383 756 13,608
77 -1¢l AT el
Z7)7} 2 i KasamiAl 2T AFe 99 A 16 65,535 2,048 5. 768
o} 7k Ao F¥3E F Uch 18 262,143 7,776 373,248
o2~ 1) 20 1,048,575 24,000 1,440,00
T (26) 22 4,194,303 120,032 21,125,632
N 24 16,777,215 276, 480 39,813,120
F717b 2"-1=2""-10 GMWA|A2e] 7% 2% 67,108.863| 1,719,900 1,083, 537,000
cylically dlfferent??} Al 2] Ag= 28 268,435,455 4,741,632 3,584, 673,792
N . 30 | 1,073.741,823| 17,820,000 | 32,076,000, 000
9(2"-1) ¢(2"-1) (o) 32 | 4,294,967.295| 67,108,864 | 137,438,953,472
m n ' 34 | 17,179,869, 183 | 336,849,900 |2.597, 112,790,000
2 299 5 o3 2 I e mAALTe
Aee ke Ao g FHsc 252 balance propertyE %3 1A 9vh Lehv
o(2"-1) 6(2"-1) F717b 2"-1=2""-12 KasamiA|@2iolv} Al
. (28) Lage) A 7 ARaT e AlFAEL 09 19

m n

21 7}A] ngkell HEh A KasamiA]l 2
7ol A3l A cvclically different®t

b FE 1l FA et
M-A1RA 22k GMWAI R

9= balance property® 3L

2

E2. oeirbd PN Ald&Ee] £4

T =
XA

35}
ARz A

2] 3 bent Al AT
glort TheE 413

1mbalance-4 Az} 14 2" +10 A F7)e Bl

o] o
HlaA e ke Zh Sl

upzjete @ PNA|FE AV}
o3t 2l M-AR 29
isted A|@art EAEI GoldAF 9

n=2m+1 E=X n=4m+2du A=}

[C =

ZH ke F1E
3 -]—oﬂ

2E A n°ﬂ
5ol

stz

Famil Period Size of Famil Maximum Maximum Range of Sequence
am e
v no " 1z¢ ot Tamty Correlation Value Linear Span Imbalance
Gold | 2"-1 | 2m+1 2" +1 2MV2 2n 22
Gold Zn -1 dm + 2 2n +1 2(n+1)/2 +1 %M 2(n+1)/2 +1
K ;
( ;‘:;11') -1 2m 22 2?41 3n/2 o2
K. Qe 1
(I:iab;lg;l) 2n -1 om 2n/2 (271 +1) 2(n+1)/2 +1 5n/2 2(n+ /2 +1
Bent | 2" -1 dm 22 2% +1 * 1
= | 2'-1 2m 22 2?11 * 2% 11

* A@AFH 7 AP linear spane Hs] Zck,
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