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|. Introduction

..

=  Motivation

v Sequences used in the spread spectrum communication
- need a good auto & cross-correlation

v' Kasami and Gold generated bianry sequence families with good
crosscorrelation using m-sequences.

v Polyphase Power Residue Sequences(shortly PPRS) have good
autocorrelation

v Legendre sequences(special cases of PPRS with ¢g=2)
- generation, existence condition, linear complexity(LC), trace
representation have been determined and most of them are solved, but
as of PPRS only autocorrelation and LC have been determined.
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1. Theory of PPRS(1) G

1. Binary Legendre Sequences of length p
Let p be an odd prime.

-

1 if n=0mod p
{a }=<0 , if nisaquadratic residue mod p

1 | otherwise

v’ Example 2.1
p=11, QR={1, 3, 4,5, 9}, ONR={2, 6,7, 8, 10}

a, ={a,a,a,0,0,a5a5a,05040,0 } - lo 1 2 3 4 5 6 7 8 9 10

:{10100011101} C(ry |11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1l
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I1. Theory of PPRS(2)

v' Example 2.2
p=13, QR={1, 3, 4,9, 10,12}, ONR={2,5, 6, 7, 8, 11}

a, = {a0a1a2a3a4a5a6a7a8a9a10a11a12}

-{1010011110010}%}

r |0 1 2 3 4 5 6 7 8 9 10 11 12
¢c-H(131 311 -3 3 3 31 1 -3 1
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I1. Theory of PPRS(3)

2. Polyphase Power Residue Sequences

=  Preparation(1) — partitioning of nonzero integer mod p

p . odd prime
g . any divisor of p-1
7. Pl

q

Hence p-1=¢gT
(If T iseven,then p=1 (mod 2q)
If 7 isodd, then p=¢g+1 (mod 2q))

4 . primitive element in mod p
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1. Theory of PPRS(4)

= Preparation(2) — partitioning of nonzero integer mod p

C, ={set of g-th power residues}

={’ Y

C, = u-C,
:{,Lll ,qu+1 ﬂ2q+1 ﬂ(T—l)q+1}
Cq—l: /qu_l.CO

{,qu_l,,uzq_l,,Lqu_l,...,,Lqu_l}
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|1. Theory of PPRS(5)

= Constuction of g-phase Power Residue Sequences of length p

1 , If n= 0(mod p)
27-0
e , If ne C,
_] 2= .
19,19 ¢ ¢ , if ne C,
j27r.-(q—1) ’
e 1 : If ne C,4

Where n=0,1,..., p-1
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|1. Theory of PPRS(6)

i 01 2 3 4 5 6 7 8 9 10 11
2(mod13)||1 2 4 8 3 6 12 11 9 5 10 7
i 1 2 3 4 5 6 7 8 9 10 11 12
PAmod13) |1 8 1 12 8 8 5 5 1 12 5 12

Cr=p - Cp=2-Cp=2-{1,5,8,12} = {2,10,3,11}
Co=pu?-Co=2%-Coy=4-{1,58,12} = {4,7.6,9)

Hence, 3-phase PRS of length 13 is as follows.

{{-T'j_;_?,} = I:HD. ], 2,0z, a4, a5, dg. dy. dg. dg. 410, 411, EI'Lg:]

- 2.1 - 2.l A2 - A.2 - Agr.2 A2 - 2.l L2l )
=|{1_.1_.{.J T el 3 _.,_,,..? T ..l._{"jT_f’."iT..l.f’j B _.{.-..i' T pd 1]
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1. Theory of PPRS(7)

v Properties of g-phase PRS

1. a,-a,=a,,, au-a\f:au,v (u#0,v=0)
2. a,=1 and
_{—1, p=q+1(29) ~a, , p=q+1(29)
a_, = a_u:
1, p=1 (29) a, , p=1 (29)

p_

1
3. da :0
1

X
X=

4. If a,=a,+j B, (B, <R)

=g+1 mod 2
P T SR <3

oL [-1-j-28.
R (7) = = i
a( ) XZ:(:)axaerr {_1+2ar’ pEl mOd 2q
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I11. Crosscorrelation of PPRS (1)

v In fact, there are @(p-1) primtive elements in mod p.

v’ Example 3.1
When p =13, @(12)=4 primitive elements (mod 13) (ex. v/=2,6,11,7)
p=13,9=3, y=6

. o 1 2 3 4 5 6 7 & 9 [0 11 6y {1.5,8,12}
fifmod13) |1 6 10 8 9 2 12 7 3 5 4 11

Cr=pt-Co=6-Co=6-{1,5,8,12} = {6,4,9,7)

§
e
-y
=
|
1 [F 1)
s ]
=
=
§

a

Oo= 2 - Cy=62-Cy=10:{1,6,8,12} = {10,11, 2, 3)

o
vl
=8 -
L
L
=
A
b

Hmod 1M |18

-:r.' 1‘3} |:.|'J|:|, “1' rJE, |'13, |'J4, |'15, “E' i T' EJB_HQ_H ID' r.'“, id 12_]

e .2 c 2] 2] I L ot o
['1_1,:-71:_5- e I Tt e s (P [ | Wk e I P . B S 1)

o0
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[11. Crosscorrelation of PPRS (2)

v Tablel. set of primtives which result in same PPRS, set of PPRS
for given p and ¢

D 7, Primitive set W,
11 2 1 00132442310
3 00214334120
7 00341221430
9 00423113240
13 2 (1,7 0011202202110
(5, 11) 0022101101220
(1, 5) 0010211330232
(7,11 0030233110212
(1,7 0014235532410
(5, 11) 0052431134250

= We represents PPRS W, _for super index of exponential

Instead of complex g-th roots of unity.
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I11. Crosscorrelation of PPRS (3)

v" Crosscorrelation function between distinct two PPRS is as follows.
p-1 .
Ca,b (T) = Z anbn+r
n=0
p-1
_ Z L ()=s2(n+7) (*)
n=0
v" Where w is a complex primitive g-th root of unity,

. sy(n) . s, (n)
a, =" b, =w™

v' Sequences s,(n) and s,(n) takesonvaluesinZ,
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Table 2. Maximum crosscorrelation between distinct two PRS,
number of larger than p/3 and/p

p|p|q| (i.j)| Max |[Larger | p/3 | Larger| /P
11 {25 (1,3) || 2.213 4 3.667 4 3317
(1.7) 4.765 4 {1
(1,9) || 5.213 i s
(3.7 | 5314 § 3
(3.9) || 4.765 4 6y
(7.9) | 5213 | 4 3
13123 (1,5) || 5.568 4 4,333 4 3.0606
4| (1.9 | 3.606 () 0
6| (1,5) [ 5.568 3 (o
1734 (1.3) | 6.083 4 5.667 b 4.123
Bl (1.3) | 6.O83 2 4
(1.5) 5,745 2 i
(1,7) || 6.123 (5 L0
(3.5) || 6.123 & [0
(3.7} || 5.745 2 i
(5.7) [ 6.083 2 ]
191 23] (1.5) | 6.083 ] £.333 12 4.359
Gl (1S) | 4.359 [ (0
90 (1.5) | 5.752 0 12
(1.7) | 5.392 () 12
(LI 6,34 2 ®
(1L13) || 6.282 0 i
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Table 3. Number of distinct PPRS, Maximum of maximum
crosscorrelation MaxCw, number of larger than +/p + 2

p | g | g | distinct | MaxC'y | Larger | /p+2
111235 4 5.314 () 3.317
13 |2 | 3 2 5.568 () 5.606
4 2 3.606 0
6 2 5.568 ()
17131 4 2 6.083 () 6.123
8 4 6.123 ()
1912 | 3 2 6.083 () 6.359
6 - 4.359 ()
Y 6 6.34 ()
23 |5 | 11 10 6.796 () 6.796
29121 4 2 5.385 0 7.385
[ 7 6 7.364 0
14 6 7.38 ()
) 31133 2 7 () 7.568
¢ (q ) ) 5 1 7.562 0
6 2 5.568 ()
10 4 7.434 ()
15 8 7.568 ()
. ol B A 2 7.81 () 8.083
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I\VV. Concluding Remark o

v" Generation of PPRS by changing primitive elements
For fixed p and ¢, there exist ¢ (g) distinct PPRS

v" Investigate the crosscorrelation of distinct PPRS having phase ¢
for 11<p < 521.

v" Conjecture

Independent of p and g, maximum crosscorrelation of PPRS
made by changing primtive element is upper bounded to \/;+ 2

. max |C,,(z)]| < /p +2
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