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New Orthogonal Small Set Kasami
Code Seguence

Nyoman Pramaita, IGAGK Diafari DH, Dewa NK Putra Negara, and Agus Dharma

Abstract— In this paper, the authors propose the design of a
new orthogonal small set Kasami code sequence generated using
combination of non-orthogonal m-sequence and small set Kasami
code sequence. The authors demonstrate that the proposed code
sequence has compar able auto-correlation function (ACF), cross-
correlation function (CCF), peak cross-correlation values with
that of the existing orthogonal small set Kasami code sequence.
Though the proposed code sequence has less code sequence sets
than that of the existing orthogonal small set Kasami code
sequence, the proposed code sequence possesses one more
numbers of membersin each code sequence set. The members of
the same code set of the proposed code sequence ar e orthogonal to
each other.

Index Terms—ACF, CCF, orthogonal code, spreading code

I. INTRODUCTION

Binary spreading code sequence can be divided into two
categories, i.e. orthogonal and non-orthogonal code
sequences. Each of these spreading code sequences hasits own
unique parameter including autocorrelation, cross-correlation,
and family size or number of different spreading code
sequencesin achip set [1].

When the cross-correlation value between any two
spreading code sequences from same chip set is not zero,
spreading code seguences in that chip set are called non-
orthogonal code sequences. While orthogonal code sequences
have zero cross-correlation value between any two spreading
code sequences from same chip set [2].

Maximal-sequence (m-sequence), Gold and Kasami code
sequences (three families of binary spreading code sequences)
have established themselves as popular non-orthogonal binary
code sequences. Walsh code sequence, which is generated by
mapping code word rows of specia square matrices called
Hadamard matrices has proven its existence as a popular
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orthogonal code sequence [3], [4]. However, orthogona Gold
code sequence, orthogonal m-sequence, and orthogonal small
set Kasami code sequence are orthogonal code sequences
generated from their non-orthogonal counter parts [5]-[7].

Walsh code sequence, orthogonal Gold code sequence and
orthogonal m-sequence have numbers of members in a code
set which are the same as the length of the orthogonal code
sequences. However, numbers of membersin a code set of the
existing orthogonal small set Kasami code sequence proposed
by Chandra and Chattopadhyay [6] are less than that of the
chips length.

In this paper, hybrid method that is combination of non-
orthogonal m-sequence and small set Kasami code sequenceis
proposed to generate orthogonal code sequences having
number of orthogonal code sequences are the same as the
length of the orthogonal code sequences.

Evaluation of the proposed code sequence includes
evaluating their performance metrics such as autocorrelation
function (ACF), cross-correlation function (CCF), correlation
margin (CM), and merit factor (MF).

Il. MAXIMAL LENGTH AND NON-ORTHOGONAL SMALL SET
KASAMI CODE SEQUENCES

A. Maximal Length Sequence

Maximal-length sequence is a form of pseudo noise (PN)
sequence. Pseudo noise sequence is a periodic binary sequence
with a noise-like waveform that is generated by using a linear
feedback shift register [8], [2]. The period of a PN sequence
produced by a linear feedback shift register of length n cannot
exceed the value 2™ — 1. When the period is exactly 2™ — 1,
the PN sequence is called a maximal-length sequence or
simply m-sequence [9]. There is no standard formula for the
family size of m-sequence.

B. Small Set Kasami Code Sequence

Small set Kasami code sequence is a non-orthogonal code
sequence and generated from m-sequence by using a set of
algorithms as explained below.

Let u be an m-sequence of length N generated by a
generator polynomial of degree n, and let w be a code
sequence obtained by decimating u by 2"/% + 1, where n is an
even number and v = 2" —1. Then, the code sequence w is
also an m-sequence of length 2™/% — 1. The small set Kasami
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code sequence is then given by [6]:

K, = (u,uBw, uBTw,..., udT?" 2 w) (1)
where K, is a small set Kasami code sequence of length
N = 2" —1; T denotes cyclic shift operator; & denotes XOR
operation, and 2"/2 — 2 is the shift parameter for w. Since w
and u have different code sequence lengths, we must first
perform N /(2"/2 - 1) repetitions of the code sequence w
before performing the XOR operation.

These code sequences have afamily size (M) of 2™/ binary
code sequences, each of length v = 2™ — 1.

C. Orthogonal small set Kasami code sequence

Orthogonal small set Kasami code sequences are generated
from non-orthogonal small set Kasami code sequence using
the set of algorithms presented in the flowchart shown infig. 1
[6].

Orthogonal small set Kasami code segquence is capable to
produce (v'N + 1) N number of distinct code sequences, each
of length N + 1 chips, where /N + 1 is number of code
sequence sets and N is number of members in each code

sequence set. Peak cross-correlation value of this code
sequenceisN +1, where N = 2™ —1 for any even number n.

I11. DESIGN OF NEW ORTHOGONAL SMALL SET KASAMI CODE SEQUENCE

The method used by Donelan and O’Farrell [7] in
generating orthogonal m-sequence has been adapted to design
the proposed code sequence in this paper.

Let small set Kasami code sequence and m-sequence, each
of length N (N = 2% —1 for n is an even number) and
generated using the same generator polynomial, be represented
by {k,} and {u;} respectively. These two code sequences can
be represented as:

Kl =Tk} =Tk Ry kg ee o Ky Ky 2
{H[}E = TE{UL} = T:(’Hc, 'HL,'L-E:, - .,'Li._\'r_: u;\"-lj (3)

Where @ =1(0,1,2,...,N —1) denotes shift parameter;
T%{k;} and T={u;] represent cyclic shift of small set Kasami
code sequence and m-sequence respectively.

{k} and {u;} asin (2) and (3) are binary digits. By
replacing bit 0 by 1 and bit 1 by -1, hybrid code sequences are
obtained by multiplying the small set Kasami code sequence
with al resulting m-sequence shifted by one chip. This is
expressed mathematically as below:

{ki}: = T"’.{U ['}; foro=j<N
{J’!l ‘}: = k], forj=N (4)

0 otherwise

where T {u,}, represents a cyclic shift of {z;}, by j chips. As
can be seen in (4), {k;}, for j =N is the original small set
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Kasami code sequence.

The following steps describe the procedure to convert the
hybrid code seguences resulting from (4) to be a set of
orthogonal code sequences [7]:

Start

Generate small 2ot Kasamd code
sequence of length v = 2% — 1

v
Take the first and second MNmuber of elements fror the
above small set Kasami code sequence and construct the
first rows oftwo matrices natnely ) and M- Construct
subsequent rows of the s matices (to make up
NV matices) by rotating the presious rovw of the matrix
birone bit position to the right

v
Carry out modulo-2 addition bebaeen matrices M and 45
element byelement to obtain matrx M- of size NTxN

Sppend matrix M) below matix 3, - to obtain new
Toatric M} size of (N 4+ N x N

Complement the first colurmm of matrx 0% append them
to the right of matrix 47, and replace the first column of
tnatrix 7% with ones to get the matrix 2% of size
{ N+ N 1x(N+1)

Iz there any
repetiion rows

Yes T
W
Beject the duplicate Cret matrix M and select
Towr <1 the rows as me mher of the

orthogonal sall s=t
Kasam code sequences

Fig. 1. Algorithm for generation of orthogonal small set Kasami code
sequences

Step 1: replace the first column (the first chips) by “1s’.

Step 2: if the first chips were already all “1s’ and therefore
have not been altered by step 1 then append “-1s’ at the end of
the code sequences (column).

Step 3: if the first chip were all ‘-1s’and therefore have been
altered by step 1 then append ‘l1s’ at the end of the code
sequences.

Step 4: repeat step 1 to 3 for all the code sequences
represented in (4).
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These steps in obtaining the proposed orthogona code
seguence can be mathematically represented as below:

o0}, = (j_r_ 0, {0} (—h j:-):) (5)

where {577} is the resuiting {h:“”} matrix with the first
a 3 a
chip (column) (h'g’")‘z removed. The set of code sequence

{0t} isaset of code sequences of (& + 1)x(NV + 1) matrix
whose rows are orthogonal to each other.

Each value of ‘a’ in (2) and (3), by the process explained
above i.e. applying equation (4) and (5), generates one set of
orthogonal code sequence. Therefore, one set of orthogonal
code sequence will be generated for each value of ‘a’ using
this process. As a result, there will be N sets of orthogonal
code sequences.

However, since the code sequence w must be first repeated
N/(2™7 - 1) times before performing the XOR operation as
explained in section 2, there are N /(2™/2 - 1) identical sets
of orthogonal code sequences. Therefore, combination of m-
sequence and the small set Kasami code sequence generates
(272 - 1) different sets of orthogonal code sequences.

IV. RESULTSAND DISCUSSION

In the following section, the performance metrics of the
proposed code sequence simulated using Matlab programming
is compared to that of the existing orthogonal small set Kasami
code sequence.

A. Capacity and Peak Cross-correlation of the Proposed
Code Sequence

Let numbers of registers, n is equal to 6 then value of N is
equal to 63 to evaluate the performance metrics of the
proposed code sequence.

The proposed code sequence has less code sequence sets
than that of orthogonal small set Kasami code sequence as
shown in table 1. However, the proposed code sequence
possesses one more numbers of members in each code set.
These members of the same code set are orthogona to each
other.

. A set of codes are said to be orthogonal when the cross-
correlation is zero between any two members of the same code
set. However, this does not mean that any member in a group
of codes should also be orthogonal to other members in other
groups. In a synchronous CDMA system this ensures that there
is no interference between signals transmitted by the same
station. These sets can be used simultaneoudly if the peak
cross-correlation value between the code sequences (from
different groups) is less than half of the code sequence length
[7]. Since the peak cross-correlation value of the proposed
code sequence of length 64 chipsis 8, which is one eighth of
64, 7 groups of the proposed code sequence can be used
simultaneously. This means, this code sequence set could
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support 7 different cellsin a synchronous CDMA system.

B. Autocorrelation Function of The proposed Code

Sequence

Autocorrelation function of the proposed code sequence and
orthogonal small set code sequence for 64 chip lengths are
presented in fig. 2 and fig. 3 respectively. As seen in the fig. 2
and fig. 3, at zero time shifts the orthogonal code sequences
have maximum autocorrelation values since the values were
obtained from correlation between code sequence with a copy
of its self that has the same chips structure as the original one.
However, at non-zero time shifts, the autocorrelation values
are not maximum due to different chips structure between two
code sequences.

TABEL 1
CAPACITY AND PEAK CROSS-CORRELATION OF THE PROPOSED
CODE SEQUENCES
Length of Number  Capacity
Orthogonal code Number of of code Peak Cross:
code correlation
Lence sequence  of sets  members  sequence value
e (chips) (codes)  (users)
The
proposed 64 7 64 448 8
code
Orthogonal
small set 64 8 63 504 8
Kasami
70 ; ;
The propased codz
m L 4
5] = -
0L 4
g of 1
1
1o} U
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-0 b 1
_I 1 1 L 1 1 1 1
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time zhifis {chips)

Fig. 2. ACF of the proposed code sequence

Based on these autocorrelation functions, merit factor (MF)
of the proposed code sequence and orthogonal small set code
sequence is tabulated in table 2.

Since MFs of these orthogonal code sequences are similar,
the proposed code sequence has autocorrelation function
values comparable to that of the existing orthogonal small set
code sequence.
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Fig. 3. ACF of the existing orthogonal small set Kasami code sequence

TABEL 2
MF OF THE PROPOSED CODE SEQUENCE

Orthogonal code Length of code

sequence MF
sequence (chips)
The proposed code 64 0.66
Orthogonal small set 64 054

Kasami

C. Cross-correlation Function of The proposed Code
Sequence

As seen in the fig. 4 and fig. 5, cross-correlation values of
the orthogonal code sequences at zero time shifts are zeros
since orthogonal code sequence means code sequence having
zero cross-correlation value at zero time shift. However, some
cross-correlation values are not zero at non-zero time shifts
since the chips structure of the orthogonal code sequence has
been changed when the orthogonal code sequence was shifted.

Based on these cross-correlation functions, correlation
margin (CM) of the proposed code sequence and orthogonal
small set Kasami code sequence for 64 chip lengths is
tabulated in table 3.

As seen in table 3, the proposed code sequence has similar
CM to that of orthogonal small set Kasami code sequence.
Therefore, in terms of CM, the proposed code sequence has
similar CCF to that of orthogonal small set Kasami code
sequence.
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The proposed code
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Fig. 5. CCF of the existing orthogonal small set Kasami code sequence

TABEL 3
CM OF THE PROPOSED CODE SEQUENCE

Orthogonal code Length of code

sequence CM (dB)
sequence (chips)
The proposed code 64 -12.04
Orthogonal small set 64 1204

Kasami

V. CONCLUSION

In this paper, the design of new orthogonal small set Kasami
code sequence has been proposed and evaluated. The ACF,
CCF and peak cross-correlation of the proposed code sequence
have been shown to be similar to that of the existing
orthogonal small set Kasami code. Though the existing
orthogonal small set Kasami code sequence has more numbers
of orthogonal code sets than that of the proposed code, the
numbers of orthogonal code sequences in each code set are
less than that of the chip lengths. However, designing
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orthogonal small set Kasami code sequence using combination
of m-sequence and non-orthogonal small set Kasami code
sequence can generate orthogonal codes having numbers of
orthogonal codes are the same as the length of the code.
Therefore, this hybrid method can generate more numbers of
orthogonal code sequences in each code set than that of the
existing small set Kasami code sequence.
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