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New Eight—phase ZCD‘_ spreading sequences design
for Interference—cancelied WPAN based on AS—CDMA

Jae-Sang Cha'

Abstract

New Eight-phase Preferred Pairs (EPPs) that have Zero-Correlation Duration (ZCD) of (0.5N+1) chips are
constructed for the periods of N=4x2n (n=1,2,3---). By using the chip-shift operation of the EPP, new
eight-phase ZCD sequences are constructed in this paper. We certified its ZCD property by various correlation
simulations. This new eight-phase spreading sequence can be used for Interference cancelled wireless personal
area network(WPAN) based on approximately synchronized code-division-multiple-access(AS~CDMA) system,
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1. Introduction

For any two complex sequences of period
NCP = (G mCE Nand Y = (G, G ),
the periodic correlation function with a shift 7 is
defined as

N~1
— 2 >
91,y(T) - 1‘% ql) (1:1:;'% nmodN) (1)

where * represents the complex conjugate.Eqn.(1)
becomes the autocorrelation function {ACF) when
z=y and the crosscorrelation function (CCF)
when z=y. In Eqn.(1), the local duration around
zero v with zero ACF sidelobe and zero CCF is
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defined as zero-correlation duration {ZCD} [il.
ZCD property is important to cancel interference
such as MAI(multiple access interference) or
MPI(multi-path  interference) in the WPAN
systems[2], spread spectrum communication
applications[3] and CDMA systems. ZCD property
can be mainly found in the 2-phase {1,245],
3-phase [36], and 4-phase [78] sequences.
Although some poly-phase sequences for MAIL /
MPI cancellation of CDMA are proposed in the
18-phase or larger-phase sequences [9,10), they
have no ZCD property [9] or too complex in
generating  sequences in the  hardware
implementation [10). In the eight-phase case
which can be easily implemented in the sequence
generator, there is a class of eight-phase sequence
[11] with low correlation, however it also has no
any ZCD property. In this paper, we propose a
new class of eight-phase sequences with ZCD
property. At first, we present a generalized
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construction method for eight-phase preferred
pairs (EPPs) that have ZCD of (0.58+1)chips and
periods of. Secondly, using the chip-shift operation
to the EPP, we generate new eight-phase
ZCDsequences that have sufficient ZCD and
family sizes for Interference-cancelled CDMA
systems such as WPAN using AS-CDMA.

2. Construction method of new
eight—-phase ZCD
sequences

Step (I) Method for constructing EPP

The EPP of period N=4x2"(n=1, 2,3'~) with
ZCD of (05X N+1) is denoted as {E\", E\""}, where
EP = (e et ) ) and B = (e, el ) ).
The initial basic matrix for generating {£{, EY}
is defined as

we wg owE owE owd owe owe o w))
VAN A A AR AR A A A
WBO W87 Wsz Wgs Wso W87 Wgﬁ w!
R Wso W83 Wsz I’Vsl Wso I/ng W86 Was
VAN A A A A A AN A
weowd owgowe owdowy owE oW
W; Ws3 Wy Ws5 Wso W87 W82 W, 35

%4 %7 Wg" W‘g? ”/80 %3 W82 ;,VRJ |

2)

where wi=exp((2r « K+ V=1)/8),{K=0,1.2,--7)
Any row of (&Gpo £j%xXG, or *WXG
(1=1,2,3)) is denoted as B = (e{) el e, . !},

E(b)..(em (r») (m’ egb)) is genemmd from Eg(“),
where e =(~1)%¢{" (p=01,2--,7). A pair of
{EY E™} has ZCD of (05x8+1)chips and is
defined as the initial EPP. By using {£",E"},

EPPs  with longer pericd are constructed
recursively as the following extension method.
Using any given pair of {E”.E"} with period
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m=4x2(i=1,23--}, the period-extension matrix
with period 2m is generated as Eqn.(3).

PE={ X Y X~ 3
X Y-X Y
X-Y X Y
~-X Y X Y
Mlere X (60 3Tt eéagne ]} Y.- <e[) 5mr es‘l(:)— l)

and m=4x2(E=123--), Any row of (+PE or
tjxPE or +W,xPE(=123)) is £E. =

2m

(el el ) with the period of 2[m] EY =

(P e ) is generated from , where
el =(=1)e’ (p=01,~2m~1). {ELLED }is a

EPP with ZCD of (0.5x2m+1) chips. Thus, for the
period of N=4x2" (n=1,23-), {EY, £} that
have ZCD of (0.3N+1)chips can be constructed.

Example

In this example, we can show a EPP with a ZCD
of 3xhips and its correlaton property by
correlation simulations.

{E,E®} with a ZCD of 33chips is expressed as

B = (4167056705230567052341230523056 705234123416 74
1230523412305230567)
B = (4563016301270163012745270127016301 27452745634

5270127452701270163)
or
B = (07610725432507254325436 1432507254325436

1076143614325436143250725)

E) = (03650321472103214721 4765472103214721476

i
5036547654721476547210321 ) J

where (0,12,
we, We, W) respectively. Using correlation simu-

-7} denotes (W, W}, Wg, wg, Wy,

lation with EPP of above example, we can obtain

@
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distinct ZCD of 33chips The absolute values of the
normalized ACF sidelobe and CCF are shown in
Fig. 1.
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Fig. 1. ACF and CCF of EPP with period
d of 64 :

Step(Il) Construction of sets of eight-phase
ZCD sequences

Let E(N,MZ)represent a set of eight-phase
ZCD sequences having a sequence period of N and
family size M, where any pair of E(V,M.Z; )has the
common ZCD-length of . By using the chip-shift
operation of {E),E®}=E(N,2,05N+1), a set of
E(N.M>2,7 <05N+1) can be constructed. Let
be the chip-shift operator, which shifts a sequence
cyclically to the left by ! chips, E(NM=2
Z, < 0.5N+1)can be generated from {E:i?),Ef\f’)} as

ENM=22.Z, <05N+1)=EN2%k+1,2a-1) - (4)
= (EQ.EY. T*EL, T*EY, T°* E®, 1** £V }

, T(k— 1)/AE:$4)7 T(k—))AEZ§?)’ X*AE;£9)7 T:AEIS;)
where Ais a chip-shift increment and & the
maximum number of chip-shifts for a sequence. A
and k should satisfy [(k+1)AI<10.25N+ 1] wherea

is a positive and a non—negative integer, The
family sizes of the proposed eight-phase ZCD

D

sequences are listed in Table 1. As shown in
Table 1, proposed eight-phase sequences have
sufficient ZCD-length and family sizes for CDMA
as in the case of binary ZCD sequences [1] for
period N. Here, large family sizes produce a larger
CDMA user capacity and large ZCDs produce
longer cell radius of MAI-cancelled DS-CDMA
systems, respectively. k

Table 1. Family sizes of eight-phase ZCD
sequences for N =32, 64,128, and 256

%D

N PP T9 n BB a8y 1B

3. Conclusion

In this Paper, We bhave proposed new
eight-phase ZCD sequences with sufficient ZCD
property and family sizes for CDMA. as in the case
of binary ZCD sequences. Maximum ZCD length
of proposed sequence is a 0.5N+1. The proposed
eight-phase ZCD sequences can be usefully
employed in the Interference-cancelled CDMA
networks such as CDMA based WPAN system.
And its sharp correlation property can be used for
positioning based varous spread spectrum
communication applications.
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