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Abstract
sequences. The proposed sequences are proved to have not
only low correlation property, but also large linear span and
large family size. Furthermore, it shows that the new family of
sequences contains Tang’s construction as a subset if
m-sequences are excluded from both constructions.

This article presents a new family of p-ary
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1 Introduction

A family of sequences with low correlation and large linear
span has important applications in code division multiple
access (CDMA) communications, spread spectrum systems,
and broadband satellite communications [1]. The sequences
with low correlation used in CDMA communications can
successfully combat interference from the other users who
share a common channel. Many families of binary sequences
of period 2" -1 with low correlation have been reported.
The Gold sequence (2] achieving the Sidelnikov bound, the
large and small families of Kasami sequences [3], as well as
the GKW-like sequences in Ref [4] all have desirable
correlation properties. The constructions were extended to the
nonbinary case as kumar- moreno (KM) sequences in Ref. [5],
Trachtenberg- Helleseth (TH) sequences in Refs. {6, 7] and
TH-like sequences in Ref. [8]. However, these sequences have
small values of linear span. In Ref. [9], by relaxing correlation,
Yu and Gong constructed a family of sequence with larger
linear span and family size.

In this article, Tang’s construction in Ref. [8] is generalized
at the price of the decrease of maximum linear span and the
increase of maximum correlation. A new family of p-ary
sequences in §,(p) is constructed for n = me with odd m and
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an integer 1Sp<(m-1)/2. When p=1, S/(I) is the
family of the TH-like sequences constructed by Tang [8].

Assume that p is an odd prime, and n = me, where m is odd.
Let Fpn be the finite field with p" elements, let ¢ = p°,

for simplicity, denote Fp, as F, and Fp" as qu. Then

the trace function tr(-), from F.to the subfield F, is
defined by

m=l

' (x) = Zx””

i=l
The trace function has the following properties:
1) trl(ax+by) =atr](x) + btr/(y) ; for a,be F,, x,ye€
F.

q
2) i (x” )=l (x); for xe F..
Any sequence {s,(t)} over F_ of period n has a trace
representation, that is, there exists a function g(x) from
Fpn to F

e
gx)= D ur(AX');
kel (n)

Such that s(t)=g(e'),t=0,1,...,p" =2 . Here I'(n) is
the set comprising of all coset leaders modulo p* -1, n,In
is the size of the cyclotomic coset, o is a primitive element
of Fpn .

satisfies the following condition

AeF, ,xeF,
r P

Let S be a family of M p-ary sequences of period
N=p"-1, given by S={s,@)I0<isM -1, OsIsN-1}.
Then, the correlation function between two sequences {s,(#)}
and {s;(f)} isdefined as

N-l
C,. (=2 """ 0, jSM -1, 0STSN -1 (1)
=0

where @ is the complex pth root of unity given by w=¢>"'?,

i=+v=1. The maximum magnitude C,_,, of the correlation

values is defined by
Cone =max [C, ()]} Osi, jSM -], 0sTtsN-1

where 7#0 if i=j. Clearly, C,,, is the maximum magnitude
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of all nontrivial auto- and cross correlation of the sequence in
S. The set § is called a (N, M,C_,, ) family of sequences,

where N is the period of the sequence, M is the family size,
and C,__ is the maximum correlation magni[ude. The

sequence famlly has low correlation if C,
is a constant.

The linear span of a periodic sequence is the length of the
shortest linear feedback shift registers that can generate the

N , where ¢

mdx

sequence.
In the following, the relationships between the rank of a
quadratic form p(x) over F, and the cross-correlation

function of the sequences with the trace representation
p(x) are shown,

m
Let x=2x,a, , where x, e F, and ¢,
i=1

a basis for qu

i=1,2,...m is
over F, . Then the function p(x) is a
quadratic form over F, if it can be expressed as:

P(X):p(ixia:jzizbu XX s i./e Ffl
£=1

i=t j=1
That is,

ring F [x, x,,...,x, | .

p(x) is a homogeneous polynomial of degree 2 in

The rank of the quadratic form p(x) is the minimum

number of variables required to represent the function under
the nonsingular coordinate transformations. It is related to the
dimension of the vector subspace W in qu , that is,
W ={we F,| p(x+w)=p(x), for allxe F, } 2)
More precisely, the rank r = m —dim W,
Lemma 1 (Hellesth-Gong [10]) If p(x) = f(x*) is a quadratic
form, then the cross-correlation function C,  (7) can be

written as:
C, .x,(T) =-1+5(7)

where 25(7) = z @™ 4 Z @ 2 is a nonsquare

xefF xek
r r

inF, .
q
Lemma 2 (Hellesth-Gong [10]) Let p(x) be a quadratic

form over F, of odd rank r, and A is a nonsquare in F, ,» then

25(7) = Z a)lr,(p(x))+ z wu,ul,,(x)) =0

xEF
Lemma 3 (Tang [8]) Let p(x) be a quadratic form over F,

of even rank r, and A is a nonsquare in Fq , then

S(Z‘)—— Z wu,(p(xn+ z wu,(/lp(x)) zipn—mz

xeF xeP

Theorem 1 Let ¢ = gcd (n, k) and n/e be an odd integer. If

d=(p™ +1)/2, where d # p’(modp” —1)for any 0<j<n,

the cross-correlation functions take the following three values:

(nte)/2 (n-e/2

-1+p p+p times
-1, p+pe times
_1 _ p(nﬂ’)/z’ plre _ p(n~-el/2 timeS

3 New famlly of p-ary sequences with large
slze

Construction For n = me with an odd m and an integer
IKp<m-10/2, let S,(p)={s()10<i<p" -1}, a family
of p-ary sequences S (p) is defined by

i 2 tm-1)2 IFIN
s =t (vma)+itr,”(v,,a”"” P+ 3w a T (3)

I=1 I=p

Lemma 4 All sequences in S (p) are cyclically distinct.
Thus, the family size of S (p) is p™
Proof A time-shifted version of a sequence in §,(p) is

represented as
|
wpi2
s (t+2')—lr (v/na'”)+itrl"(v/,a“m“ P )+
=1

(m-1)12
Z " (a(nr)llopz” 1/2)
t
I=p

Forall O=ir<p" —1, it s identical to the sequence of Eq. (3),
if and only if

rl+piyr2

Vio = Vjoal s Vy =V, Isj<p “4)
and
arr oy el (5)

For odd m, since ged (p" —1,1+ p*') =2, 0<I<m, and

411+ p* thenged (p" —1,(1+ p™)/2)=1,thus &’ =1 is

the unique solution in Eq. (5), which only gives a trivial

solution of v, =v, for 0<l<p. Thus, the sequences in

S.(p) for any v, in F_ with 0<si<p are cyclically

distinct.

In the following, the main theorem of this article is
provided.

Theorem 2 For n = me with an odd m and an integer
1<p<(m-1)/2, the family S,(p) has cyclically distinct
p-ary sequences of period p" —1. The correlation function of
sequences is (2p+2)-valued and maximum correlation is

14 pl" 42722 Therefore, S,(p) constitutes a (p"—1, p™,
[n+(4p-3)e]/2

1+p ) family of sequences.

Proof The computation of the correlation function C, | (7)
between two sequences {s,(s)} and {s,(N}can be divided

into four cases depending on different values of 7, iand j.
Casel 7=0,i=.
In this trivial case, C_w (r) = p"—1.
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