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Code Division Multiple Access (CDMA) is one type of spread spectrum
communication system. In CDMA each user is assigned a distinct signature
sequence (or waveform), which the user employs to modulate and spread the

10 information-bearing signal. The signature sequences also allow the receiver to
demodulate the message transmitted by multiple users of the channel, who
transmit simultaneously and generally, asynchronously. This is possible since
the cross-correlation between the code of one user and the codes of the other
users is small. Therefore, the characteristics of the codes provide a crucial

15 determination on the performance of the whole communications systems. The
signature sequences in general will determine how much the interference is
received at a receiver from other users and the property of the sequences will
influence the extraction capacity of the desired signal from the noise-like
spectrum.

20
In the forward link of the 1S-95 CDMA system, orthogonal Walsh-Hadamard
Transform (WHT) sequences are used as the spreading sequences. But it is
well known that WHT sequences are not suitable for asynchronous use due to
their large auto-correlation values. Thus, the reverse link of the 1S-95 CDMA

25 system, in which it is hard to achieve synchronization between the receiver and



Transform (WHT) sequences are used as the spreadi ng sequences. But it is
wel | known that WHT sequences are not suitable for asynchronous use due to
their |avgeossd’se correl ation values. Thus, the reverse |iP&KI/SGowtvesd S-95
CDVA 25 system in which it is hard to achl eve synchroni zati on between the
receiver and WD 01/ 84756 PCT/ SGOQ 00059 22 the transnitter and between

di fferent users | oys | ong PN sequences to spread the information
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good as that of orthogonal sequences. 5 There is a need for orthogonal
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comuni cation to system conprises a set of unified conpl ex Hadamard
transform sequences with half-spectrum properties (HSP-UCHT). In
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In accordance with a first aspect of the present invention, a set of spreading
sequences for a spread spectrum multiple access (SSMA) communication
10  system comprises a set of unified complex Hadamard transform sequences with

half-spectrum properties (HSP-UCHT).

In accordance with a second aspect of the present invention, a spread spectrum
multiple access (SSMA) communication system comprises a set of spreading
15  sequences comprising unified complex Hadamard transform sequences with.

half-spectrum properties (HSP-UCHT).

An advantage of the invention is that a unified complex Hadamard transform
with half-spectrum properties exhibits better auto-correlation than the

20  conventional Walsh-Hadamard transform. Therefore, HSP-UCHT are
advantageous for use as spreading sequences in CDMA systems, especially

where asynchronous reception may occur.
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Preferably, the SSMA comuni cation systemis a direct sequence - spread
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accordance with the invention will now be described with reference to t he
acconpanyi rapegiram mylltiple aghesh(DSSSAR suster. dFertramaplecthsl iotatnalieniam of a
DS-CDVA transmtter receiver. 10 A unified conplex Hadamard transform
(UCHT) is deténded, [S-P5DMPe transformation core matrix: Hl= [WLJ 21 ]O[1
1-3 ] ] Z2 1s where IN, is the WHT matri x of order 2, ]

5 An example of a set of spreading sequences in accordance with the invention

will now be described with reference to the accompanying drawing, in which:

Figure 1 is a schematic block diagram of a DS-CDMA transmitter-
receiver.
10
A unified complex Hadamard transform (UCHT) is defined [1] by the

transformation core matrix:
3
HE= [Wlo[ ]0[1 73] ]
7,
15 where W; is the WHT matrix of order 2,

1 1
W= [1 J , o1, 2, 13 €{1, -1, j, <} and ¢ denotes the direct matrix operation [1].

The generation of the higher dimension UCHT matrices has been introduced in
[1] and [2]. It has been shown in [1] that all UCHT matrices can be divided into
two groups of 32 basic matrices dependently on the value of z5. If H,is a 2" x

20 2" UCHT matrix with half-spectrum properties, H, is defined as follows:

HeHS = b ] e
2



1, zi, z2, z3 E{1, -1, j, -J} and o denotes the direct matri x operation
[I]. W 1 1 The generation of the higher dinension UCHT matrices has been
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can be divided into two groups of 32 bafic matri ces dependently on the
value of z3. If H' is a 2" x 20 2" matrix with half-spectrum
properties, H' is defjined as follows: H = Hl(r)" [WJ21 JO[1 z3 (r)y" T2
WO 01/ 84758VRRE) BCECFH00BY. Th AARdr D denotgs;the K@D?CW,PFPQU@{QQJ @],7 (r)
denotes the Kronecker product and (r)" represents the n-tinme nmultiple
Kronecker peporessnds thedn4tinies matiple Kegreecker braduateandint ik dmahfegapect r um
properties can be defined as follows: 5 Let F(k) denote the coded data
sequences where 0< k< N1 and F(k) rmay be a real or conpl ex nunber which
depends on a particular coding of the data, and N=2" represents the matrix

order and t ; ¢ i r g&ﬂﬁy Olmfg;g. of the data
sequence m@ggg}% gg’%{r?hegélﬁﬁlgﬁ%@ﬁ PQ&?I%FQ’ r%(égst{ee =H' %?f '
5 Let F(k) denote the coded data sequences where 0 < k < N-1 and F(k) may be a
real or complex number which depends on a particular coding of the data, and

N=2" represents the matrix order and the length of sequences. The

corresponding UCHT of the data sequence may be expressed in matrix form as,

Z=H,F,
10
where Z =[Z(0),Z(Q),.... Z(p), Z(N D] and F =[F(0), FQ),..., F(k),..F(N-DT ,

and the values of Z(p) are complex numbers. If H, is the HSP-UCHT matrices,

then

"Z(N-1-p)=(z.Y Z(p),

15

where y =nmod 4 and Z is the conjugate of Z, and the transform matrix is

—

defined as having half-spectrum properties if there exists a L Nx1 vector Z,,,

which completely characterizes the full transform vector Z of the orthogonal

transform with the ability to recover the unique transform vector Z.

20
Fig. 1 is a block diagram of a basic DS-CDMA system for the xth user. The
data 9 is input to an encoder and interleaver 1 and then spread 2 using a HSP-

UCHT sequence which is unique tothe user x. Each row of the HSP-UCHT



where Z = [Z2(0),2(1),...,Z(p),..-Z(N-1)]T and F =

[F(O),F(1),..., F(k),...F(N-1)]T and the values of Z(p) are conpl ex
nunbers. W o476 t he HSP- UCHT nmatrices, then Z(N1- p) PCTRGOR)FA p), 15
where y = n nod 4 and Z is the conjugate.of Z, and the transformmatrix is
defined as having hal f-spectrum properti%s I f there exists a 2 NxI vector
Z1,2 which c | etely characterizes the full transformvector of the
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vector Z . 20 Fig. 1 is a block diagramof a basic DS-CDVA systemfor the
xth user. maeU@%Bsgqmgnqamutfdlgwagrcanéﬂder and interleaver 1 and then
spread 2 using a HSP- UCHT sequence which is unique to-the user x. Each row
of the HSP-UCHT WD 01/ 84756 PCT/ SGOQ 00059 x#51matrix represents an

ort hogonal signature sequence. If Xi—}lév 5?1 enent of any one UCHT
sequence x, it follows from[1]: n¥tf "Xp% %) 11 hr r=0
r=0

5 where hr= 11+ (n2- t9)Xes T4(t3=1)ir + (71 - 7173 - T2~ T273) X4},
and n = logzN, where N is as defined above, that is the length of the UCHT
sequences. After spreading, the signal is modulated 3 and transmitted via a
channel 4 to a receiver 5. The receiver 5, receives the transmitted signal from
the transmitter 6 and demodulates 7 the signal before despreading 8 the signal
10 using the same unique HSP-UCHT sequence for user x. That is the same
HSP-UCHT sequence which was used to spread 2 the signal. The despread

signal is then decoded and deinterleaved 11 to extract the data 9.

As there are 32 HSP-UCHT matrices, and within each N X N matrix there are N
15 sequences. A set of sequences is selected from the N sequences in one of the
matrices, and the set of sequences is selected such that the auto-correlation

and the cross-correlation are optimised.

The invention has the advantage that HSP-UCHTs have better auto-correlation
20 than the conventional Walsh-Hadamard Transform and therefore, have more

reliability where the reception is asynchronous.
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channel 4 to a receiver 5. The receiver 5, receives the transmtted signal
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1. A set of spreading sequences for a spéead spectrum mul ti pl e access
(SSMA) conmuni cation system conprises a set of unified conplex Hadamard 5
transform sequgﬁées with hal f-spectrum properties (HSP-UCHT). 2. A set of
spr eadi ng es according to claim1, wherein the set of spreading
sequences is for a direct sequence - spread spectrummnultiple access

(DS- SSMA) system 10 3. A set of spreadi ng sequences according to claim1
or claim2, wherein the set of spreading sequences is for a direct

sequence - ode Aliset sf spreaingi ggg@ienaes & §SadRidatraysinaliiplelacdessA set  of
spreadi ng sequences according to claim 3, wherein the set of spreading

sequences i(SIA) ESmBRIEAN st TRNARESRESESfNMEL ddthSleR MR AV

conmmuni cati on system
5  transform sequences with half-spectrum properties (HSP-UCHT).

2. A set of spreading sequences according to claim 1, wherein the set of
spreading sequences is for a direct sequence ~ spread spectrum multiple
access (DS-SSMA) system.

10
3. A set of spreading sequences according to claim 1 or claim 2, wherein
the set of spreading sequences is for a direct sequence - code division multiple

access (DS-CDMA) system.

15 4. A set of spreading sequences according to claim 3, wherein the set of

spreading sequences is for IS-95 CDMA.

5. A spread spectrum multiple access (SSMA) communication system
comprising a set of spreading sequences which comprise unified complex

20 Hadamard transform sequences with half-spectrum properties.

6. A system according to claim 5, wherein the SSMA communication
system is a direct sequence — spread spectrum multiple access system (DS-
SSMA) communication system.

25



conprising a set of spreadi ng sequences which conprise unified conplex 20
Hadamard transform sequences with hal f-spectrum properties. 6. A system
accordi ngvoo1/8478 m 5, wherein the SSMA conmuni cati on SysSPEWSGEI/@0 r ect
sequence - spread spectrummnultiple accegs system (DS- SSMA) communi cation
system 25 WD 01/84756 PCT/ SGOO' 00059 8 7. A system according to claim5
or claimé, _wherein the co nicatjon . system.,s a driect sequence - code
i vision miftipl & SRS bR FaTE A SY a6 WhRral 456 o RERUTERIRY < o
claim?7, wherein the conmunication systemis IS 95 CDVA

system is a driect sequence - code division multiple access (DS-CDMA)

system.

5 8. A system according to claim 7, wherein the communication system is 1S-

95 CDMA.



