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ORTHOGONAL COMPLEX SPREADING
METHOD FOR MULTICHANNEL AND
APPARATUS THEREOF

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

NOTE: More than one reissue application has been filed

for the reissue of U.S. Pat. No. 6,449,306. The reissue appli-
cations arve U.S. patent application Ser. No. 10/932,227, filed

on Sep. 2, 2004 and issued as U.S. Pat. No. Re. 40,385, U.S.

patent application Ser. No. 11/648,915 (the present applica-
tion), filed on Jan. 3, 2007, which is a continuation reissue
application of U.S. patent application Ser. No. 10/932,227;
and U.S. patent application Ser. No. 13/177,498, filed on Jul.
6, 2011, which is a continuation reissue application of U.S.
patent application Ser. No. 11/648,91).

This application 1s a continuation of application Ser. No.
09/162,764, now U.S. Pat. No. 6,222,873.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an orthogonal complex
spreading method for a multichannel and an apparatus
thereot, and in particular, to an improved orthogonal complex
spreading method for a multichannel and an apparatus thereof
which are capable of decreasing a peak power-to-average
power ratio by introducing an orthogonal complex spreading,
structure and spreading the same using a spreading code,
implementing a structure capable of spreading complex out-
put signals using a spreading code by adapting a permutated
orthogonal complex spreading structure for a complex-type
multichannel input signal with respect to the summed values,
and decreasing a phase dependency of an interference based
on a multipath component (when there 1s one chip difference)
of a self signal, which 1s a problem that 1s not overcome by a
permutated complex spreading modulation method, by a
combination of an orthogonal Hadamard sequence.

2. Description of the Conventional Art

Generally, 1n the mobile communication system, 1t 1s
known that a linear distortion and non-linear distortion affect
power amplifier. The statistical characteristic of a peak
power-to-average power ratio has a predetermined interrela-
tionship for a non-linear distortion.

The third non-linear distortion which 1s one of the factors
alfecting the power amplifier causes an inter-modulation
product problem in an adjacent frequency channel. The
above-described inter-modulation product problem 1s gener-
ated due to a high peak amplitude for thereby increasing an
adjacent channel power (ACP), so that there 1s a predeter-
mined limit for selecting an amplifier. In particular, the
CDMA (Code Division Multiple Access) system requires a
very strict condition with respect to a linearity of a power
amplifier. Therefore, the above-described condition 1s a very
important factor.

In accordance with IS-97 and 1S-98, the FCC stipulates a
condition on the adjacent channel power (ACP). In order to
satisty the above-described condition, a bias of a RF power
amplifier should be limited.

According to the current IMT-2000 system standard rec-
ommendation, a plurality of CDMA channels are recom-
mended. In the case that a plurality of channels are provided,
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2

the peak power-to-average power ratio 1s considered as an
important factor for thereby increasing efficiency of the
modulation method.

The IMT-2000 which 1s known as the third generation
mobile communication system has a great attention from
people as the next generation communication system follow-
ing the digital cellular system, personal communication sys-
tem, etc. The IMT-2000 will be commercially available as one
of the next generation wireless communication system which
has a high capacity and better performance for thereby intro-
ducing various services and international loaming services,
etc.

Many countries propose various IMT-2000 systems which
IC require high data transmission rates adapted for an internet
service or an electronic commercial activity. This 1s directly
related to the power efficiency of a RF amplifier.

The CDMA based IMT-2000 system modulation method
introduced by many countries 1s classified into a pilot channel
method and a pilot symbol method. Of which, the former 1s
irected to the E'TRI 1.0 version itroduced 1n Korea and 1s

C

directed to CDMA ONE introduced in North America, and
the latter 1s directed to the NTT-DOCOMO and ARIB mtro-
duced 1n Japan and 1s directed to the FMA2 proposal 1n a
reverse direction introduced in Europe.

Since the pilot symbol method has a single channel effect
based on the power elliciency, it 1s superior compared to the
pilot channel method which 1s a multichannel method. How-
ever since the accuracy of the channel estimation 1s deter-
mined by the power control, the above description does not
have 1ts logical ground.

FIG. 1 1illustrates a conventional complex spreading

method based on a CDMA ONE method. As shown therein,

the signals from a fundamental channel, a supplemental chan-
nel, and a control channel are multiplied by a Walsh code by
cach multiplier of a multiplication unit 20 through a signal
mapping unit 10. The signals which are multiplied by a pilot
signal and the Walsh signal and then spread are multiplied by
channel gains A0, A1, A2 and A3 by a channel gain multipli-
cation unit 30.

In a summing umt 40, the pilot signal multiplied by the

channel gain A0 and the fundamental channel signal multi-
plied by the channel gain Al are summed by a first adder for
thereby obtaining an identical phase information, and the
supplemental channel signal multiplied by the channel gain
A2 and the control channel signal multiplied by the channel
gain A3 are summed by a second adder for thereby obtaining
an orthogonal phase information.

The thusly obtained in-phase information and quadrature-
phase imformation are multiplied by a PN1 code and PN2
code by a spreading unit 50, and the identical phase informa-
tion multiplied by the PN2 code 1s subtracted from the 1den-
tical phase information multiplied by the PN1 code and 1s
outputted as an I channel signal, and the quadrature-phase
information multiplied by the PN1 code and the in-phase
information multiplied by the PN2 code are summed and are
outputted through a delay unit as a Q channel signal.

The CDMA ONE 1s implemented using a complex spread-
ing method. The pilot channel and the fundamental channel
spread to a Walsh code 1 are summed for thereby forming an
in-phase information, and the supplemental channel spread to
the Walsh code 2 and the control channel spread to a Walsh
code 3 are summed for thereby forming an quadrature-phase
information. In addition, the in-phase information and
quadrature-phase information are complex-spread by PN
codes.
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FIG. 2A 1s a view 1illustrating a conventional CDMA ON.
method, and FIG. 2B 1s a view 1illustrating a maximum eye-

opening point aiter the actual shaping filter of FIG. 2A.

As shown therein, 1n the CDMA ONE, the left and rnight
information, namely, the in-phase information (I channel)
and the upper and lower information, namely, the quadrature-
phase information (QQ channel) pass through the actual pulse
shaping filter for thereby causing a peak power, and 1n the
ETRI version 1.0 shown 1n FIGS. 3A and 3B, a peak power
may occur in the transverse direction for thereby causing
deterioration.

In view of the crest factor and the statistical distribution of
the power amplitude, 1n the CDMA ONE, the peak power 1s
generated in vertical direction, so that the irregularity prob-
lem of the spreading code and an inter-interference problem
OCCUL.

(L]

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present mvention to
provide an orthogonal complex spreading method for a mul-
tichannel and an apparatus thereof overcome the aforemen-
tioned problems encountered in the conventional art.

The CDMA system requires a strict condition for a linear-
ity of a power amplifier, so that the peak power-to-average
power ratio 1s important. In particular, the characteristic of the
IMT-2000 system 1s determined based on the etficiency of the
modulation method since multiple channels are provided, and
the peak power-to-average power ratio 1s adapted as an 1mpor-
tant factor.

It 1s another object of the present invention to provide an
orthogonal complex spreading method for a multichannel and
an apparatus thereol which have an excellent power eifi-
ciency compared to the CDMA-ONE mtroduced 1n U.S.A.
and the W-CDMA 1ntroduced 1n Japan and Furope and 1is
capable of resolving a power unbalance problem of an 1n-
phase channel and a quadrature-phase channel as well as the
complex spreading method.

It 1s st1ll another object of the present invention to provide
an orthogonal complex spreading method for a multichannel
and an apparatus thereot which 1s capable of stably maintain-
ing a low peak power-to-average power ratio.

It 1s st1ll another object of the present invention to provide
an orthogonal complex spreading method for a multichannel
and an apparatus thereof 1n which a spreading operation 1s
implemented by multiplying a predetermined channel data
among data of a multichannel by an orthogonal Hadamard
sequence and a gain and, multiplying a data of another chan-
nel by an orthogonal Hadamard sequence and a gain, sum-
ming the information of two channels 1n complex type, mul-
tiplying the summed information of the complex type by the
orthogonal Hadamard sequence of the orthogonal type,
obtaining a complex type, summing a plurality of channel
information of the complex type 1n the above-described man-
ner and multiplying the mmformation of the complex type of
the multichannel by a spreading code sequence.

It 1s st1ll another object of the present invention to provide
an orthogonal complex spreading method for a multichannel
and an apparatus thereof which 1s capable of decreasing the
probability that the power becomes a zero state by preventing
the FIR filter input state from exceeding £90° 1n an earlier
sample state, increasing the power etliciency, decreasing the
consumption ol a bias power for a back-oif of the power
amplifier and saving the power of a battery.

It 15 st1ll another object of the present invention to provide
an orthogonal complex spreading method for a multichannel
and an apparatus thereotf which 1s capable of implementing a
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POCQPSK (Permutated Orthogonal Complex QPSK) which
1s another modulation method and has a power efliciency
similar with the OCQPSK (Orthogonal Complex QPSK).

In order to achieve the above objects, there 1s provided an
orthogonal complex spreading method for a multichannel
which includes the steps of complex-summing a,,, W, X,
which 1s obtained by multiplying an orthogonal Hadamard
sequence W,, ., by a first data X, ot a n-th block and c,,,
W, ,5X,,» which 1s obtained by multiplying an orthogonal
Hadamard sequence W,, ., by a second data X, of a n-th
block; complex-multiplying «,,W,,,,; X, 410, W,,,.X,,»
which 1s summed in the complex type and W, - +JW,, . of
the complex type using a complex multiplier and outputting
as an in-phase mformation and quadrature-phase informa-
tion; and summing only 1n-phase information outputted from
a plurality of blocks and only quadrature-phase information

outputted therefrom and spreading the same using a spread-
ing code.

In order to achieve the above objects, there 1s provided an
orthogonal complex spreading apparatus according to a first
embodiment of the present invention which includes a plu-
rality of complex multiplication blocks for distributing the
data of the multichannel and complex-multiplying o ,
WX+, Wy, - X, in which o, W, X, , which 1s
obtained by multiplying the orthogonal Hadamard sequence
W, s,n withthe firstdata X, | ofthe n-th block and the gain .|
and a,,,W,,,.X,, which 1s obtained by multiplying the
orthogonal Hadamard sequence W, , with the second data
X,,»ofthen-thblockandthe gama, , and W, +W,, . using
the complex multiplier; a summing unit for summing only the
in-phase information outputted from each block of the plu-
rality of the complex multiplication blocks and summing only
the quadrature-phase information; and a spreading unit for
multiplying the in-phase information and the quadrature-
phase information summed by the summing unit with the
spreading code and outputting an I channel and a QQ channel.

In order to achieve the above objects, there 1s provided an
orthogonal complex spreading apparatus according to a sec-
ond embodiment of the present invention which includes first
and second Hadamard sequence multipliers for allocating the
multichannel to a predetermined number of channels, split-
ting the same into two groups and outputting o,,, W, X,
which 1s obtained by multiplying the data X, of each channel

by the gain o, , and the orthogonal Hadamard sequence
WM,HI;

a first adder, for outputting

K
Z (@t Wit n1 X1 )
n=1

which 1s obtained by summing the output signals from
the first Hadamard sequence multiplier;

a second adder for outputting

K
Z ("IHZ WM ,HZXHZ )
n=1

which 1s obtained by summing the output signals from
the second Hadamard sequence multiplier; a complex
multiplier for receiving the output signal from the first
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adder and the output signal from the second adder in the
complex form of

K
Z (':Hnl WM ,annl + jafnsz,HZXHZ)
n=1

and complex-multiplymng W,, +PW,, , which n=1
consist of the orthogonal Hadamard code W, , ,, and the
permutated orthogonal Hadamard code PW,,, that
W, o and a predetermined sequence P are complex-
multiplied; a spreading unit for multiplying the output
signal from the complex multiplier by the spreading
code; a filter for filtering the output signal from the
spreading unit; and a modulator for multiplying and
modulating the modulation carrier wave, summing the
in-phase signal and the quadrature-phase signal and out-
putting a modulation signal of the real number.
Additional advantages, objects and other features of the
invention will be set forth 1n part in the description which
follows and 1n part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objects
and advantages ol the invention may be realized and attained
as particularly pointed out 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1 1s a block diagram 1llustrating a conventional mul-
tichannel complex spreading method of a CDMA (Code Divi-
sion Multiple Access) ONE method;

FIG. 2A 1s a view 1llustrating a constellation plot of a
conventional CDMA ONE method;

FIG. 2B 15 a view 1llustrating a maximum open point after
the actual shaping filter of FIG. 2A;

FIG. 3A 1s a view 1llustrating a constellation plot of a
conventional ETRI version 1.0 method;

FIG. 3B 15 a view 1llustrating a maximum open point after
the actual pulse shaping filter of FIG. 3A;

FIG. 4 1s a block diagram illustrating a multichannel
orthogonal complex spreading apparatus according to the

present invention;

FIG. 5A 1s a circuit diagram 1llustrating the complex mul-
tiplexor of FIG. 4;

FIG. 5B 1s a circuit diagram 1llustrating the summing unit
and spreading unit of FIG. 4;

FIG. 5C 1s a circuit diagram 1llustrating another embodi-
ment of the spreading unit of FIG. 4;

FIG. 5D 1s a circuit diagram 1illustrating of the filter and
modulator of FIG. 4;

FIG. 6A 1s a view 1llustrating a constellation plot of an
OCQPSK according to the present invention;

FIG. 6B 1s a view 1llustrating a maximum open point after
the actual pulse shaping filler of FIG. 6A;

FI1G. 7 1s a view 1llustrating a power peak occurrence sta-
tistical distribution characteristic with respect to an average
power between the conventional art and the present invention;

FIG. 8 1s a view illustrating an orthogonal Hadamard
sequence according to the present invention;
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FIG. 9 1s a circuit diagram 1llustrating a multichannel per-
mutated orthogonal complex spreading apparatus according

to the present invention;

FIG. 10 1s a circuit diagram 1llustrating the complex mul-
tiplier according to the present invention;

FIG. 11 1s a circuit diagram illustrating a multichannel
permutated orthogonal complex spreading apparatus for a
voice service according to the present invention;

FIG. 12 1s a circuit diagram illustrating a multichannel
permutated orthogonal complex spreading apparatus having
a high quality voice service and a low transmission rate
according to the present ivention;

FIG. 13A 1s a circuit diagram 1llustrating a multichannel
permutated orthogonal complex spreading apparatus for a
QPSK having a high transmission rate according to the
present invention;

FIG. 13B i1s a circuit diagram 1llustrating a multichannel
permutated orthogonal complex spreading apparatus for a
data having a high transmission rate according to the present
invention;

FIG. 14A 1s a circuit diagram 1llustrating a multichannel
permutated orthogonal complex spreading apparatus for a
multimedia service having a QPSK data according to the
present invention;

FIG. 14B 1s a circuit diagram 1llustrating a multichannel
permutated orthogonal complex spreading apparatus for a
multimedia service according to the present invention;

FIG. 15A 1s aphase trajectory view ol an OCQPSK accord-
ing to the present mnvention;

FIG. 15B 1s aphase trajectory view of a POCQPSK accord-
ing to the present invention; and

FIG. 15C 1s a phase trajectory view ol a complex spreading,
method according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The complex summing unit and complex multiplier
according to the present mvention will be explained with
reference to the accompanying drawings. In the present
invention, two complexes (a+jb) and (c+jd) are used, where a,
b, ¢ and d represent predetermined real numbers.

A complex summing unit outputs (a+c)+j(b+d), and a com-
plex multiplier outputs ((axc)—(bxd))+j((bxc)+(axd)). Here,
a spreading code sequence 1s denned as SC, an information
data 1s defined as X, ,, and X, ,, a gain constant 1s defined as
a.., and a ., and an orthogonal Hadamard sequence 1s defined
as W 1o Wasos Waga W as Wa Wy o, Where M rep-
resents a MxM Hadamard matrix, and nl, n2, n3 and n4
represents index of a predetermined vector of the Hadamard
matrix. For example, n3 represents a Hadamard vector which
1s a third vector value written 1nto the n-th block like the n-th
block 100n of FIG. 4. The Hadamard M represents a Had-
amard matrix. For example, 11 the matrix W has values of 1
and -1, in the W, xW, the main diagonal terms are M, and the

remaining products are zero. Here, T represents a transpose.
Thedata X, , X, o, Wy, oW 0o War s Wano Wy, oand

7712

W0, and SC are combined data consisting ot +1 or -1, and
any and c., ., represent real number.

FIG. 4 1s a block diagram illustrating a multichannel
orthogonal complex spreading apparatus according to the
present 1nvention.

As shown therein, there 1s provided a plurality of complex
multipliers 100 through 100n in which a data of a predeter-
mined channel 1s multiplied by a gain and orthogonal Had-
amard sequence, and a data of another channel 1s multiplied
by the orthogonal Hadamard sequence for thereby complex-
summing two channel data, the orthogonal Hadamard
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sequence of the complex type 1s multiplied by the complex-
summed data, and the data of other two channels are complex-
multiplied 1n the same manner described above. A summing,
unit 200 sums and outputs the output signals from the com-
plex multipliers 100 through 100n. A spreading unit 300
multiplies the output signal from the summing unit 200 with
a predetermined spreading code SC for thereby spreading the
signal. A pulse shaping filter 400 filters the data spread by the
spreading unit 300. A modulation wave multiplier 300 mul-
tiplies the output signal from the filter 400 with a modulation
carrier wave and outputs the modulated data through an
antenna.

As shown 1n FIG. 4, the first complex multiplier 100 com-
plex-sums o, W, X, which 1s obtained by multiplying
the orthogonal Hadamard sequence W, ,, with the data X,
of one channel and the gain o, and &, W,,,,X,, which 1s
obtained by multiplying the orthogonal Hadamard sequence
W, -, with the data X, , ot another channel and the gain o, ,,
and complex-multiplies o, W, X, +0,,W,,,,X,, and
the complex-type orthogonal sequence W,, X, +]W,, .
using the complex multiplier 111.

In addition, the n-th complex multiplier 100n complex-
sums @, W,,.,X,; which 1s obtained by multiplying the
orthogonal Hadamard sequence W, with the data X, of
another channel and the gain «,,; and ,,, W,,, X, , which 1s
obtained by multiplying the orthogonal Hadamard sequence
W,,,.» with the data X, of another channel and the gain a,,,,
and complex-multiplies o, W,, X, +a,.,W,, -X,  and
the complex-type orthogonal sequence W,, X, +1W,, .,
using the complex multiplier 100n.

The complex multiplication data outputted from the
n-number of the complex multipliers are summed by the
summing unit 200, and the spreading code SC 1s multiplied
and spread 1t by the spreading unit 300. The thusly spread data
are filtered by the pulse shaping filter 600, and the modulation
carried &Y is multiplied by the multiplier 700, and then the
function Re{*} is processed, and the real data s(t) is outputted
through the antenna. Here, Re{*} represents that a predeter-
mined complex is processed to a real value through the Re{*}
function.

The above-described function will be explained as follows:

h

@ SC

K
Z (1 Wag 1 Kt + 10,0 Wiag 52X02) @ (W 3 + JW 00 ))
n=1

/

where K represents a predetermined integer greater than or
equal to 1, n represents an integer greater than or equal to 1
and less than K and 1s 1dentical with each channel number of
the multichannel.

Each of the complex multipliers 110 through 100n 1s 1den-
tically configured so that two different channel data are com-
plex-multiplied.

As shown 1n FIG. SA, one complex multiplier includes a
first multiplier 101 for multiplying the data X,, by the
orthogonal Hadamard sequence W,,,, a second multiplier
for multiplying the input signal from the first multiplier by the
gain ., ;, athird multiplier 103 for multiplying the data X, , of
the other channel by another orthogonal Hadamard sequence
W, 15, a fourth multiplier 104 for multiplying the output
signal from the third multiplier 103 by the gain o, ,, fifth and
sixth multipliers 105 and 106 for multiplying the output sig-
nals o, W,,,, X, from the second multiplier 102 and the
output signals o, W,,,,X,, from the fourth multiplier 102
by the orthogonal Hadamard sequence W, 5, respectively,
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seventh and eighth multipliers 107 and 108 for multiplying
the output signal o, | W,, X, from the second multiplier
102 and the output signal o, ,W,,,,X, , from the fourth mul-
tiplier 102 by the orthogonal Hadamard sequence W,, ,,
sequentially, a first adder 109 for summing the output signal
(+ac) from the fifth multiplier 105 and the output signal (-bd)
from the eighth multiplier 108 and outputting in-phase infor-
mation (ac-bd), and a second adder 110 for summing the
output signal (bc) from the sixth multiplier 106 and the output
signal (ad) from the seventh multiplier 107 and outputting the
quadrature-phase information (bc+ad).

Therefore, the first and-second multipliers 101 and 102
multiply the data X, by the orthogonal Hadamard sequence
W1, and the gain o, for thereby obtaining o, ,\ W, X,
(=a). In addition, the third and fourth multipliers 103 and 104
multiply the orthogonal Hadamard sequence W,, |, and the
gain «.;, for thereby obtaining o.,,W,,,,X,, (=b). The fifth
and sixth multipliers 105 and 106 multiply o, , W, , X, | (za)
and o,,W,,,,X,, (=b) by the orthogonal Hadamard
sequence W,,,; (=¢), respectively, for thereby obtaining
A War1 X1 Wiz (Fac) and o, W, 15X, ,W,, 5 (5bo),
and the fifth and sixth multipliers 105 and 106 multiply
A Wy, X, Fa)and o, , W, X, (=b) by the orthogonal
Hadamard sequence W,,,, (=d) for thereby obtaining
A1 War11 X1 Ways (Fad) and o, Wy 15X, W, 04 (5bd). In
addition, the first adder 109 computes (o, W, X,
War13)=(01oWar 15X 1,W,14)  (Fac=bd), namely,
WX, W, 14 18 subtracted from o\ W, X, W, .. In
addition, the second adder 110 computes (oW, X,
Wit (@ oWy, X oW, 05)  (ad+be),  namely, a,
War11X11 Wasi4 (Fad) 1s added with o, W,/ 1,X,,W,, 4
(=bc).

FI1G. 4 illustrates the first complex multiplier 100 which 1s
configured 1dentically with the n-th complex multiplier 100n.
Assuming that o, W, X, 1s"a”, o, W,, ,X,, 18 “b”. the
orthogonal Hadamard sequence W,,,; 1s “c”, and the
orthogonal Hadamard sequence W, , , 1s “d”, the expression
“(a+1b) (c+jd)=ac-bd+) (bc+ad)” 1s obtained. Therefore, the
signal outputted from the first complex multiplier 100
becomes the in-phase information “ac-bd” and the quadra-
ture-phase information “bc+ad”.

In addition, FIG. 3B 1s a circuit diagram 1illustrating the
summing unmt and spreading unit of FIG. 4, and FIG. 5C 1s a
circuit diagram 1illustrating another embodiment of the
spreading unit of FIG. 4.

As shown therein, the summing unit 200 includes a first
summing unit 210 for summing the mn-phase information
A, (=(ac=bd), . .., An outputted from a plurality of complex
multipliers, and a second summing unit 220 for summing the
quadrature-phase information B,(=bc+ad) outputted from
the complex multipliers.

The spreading unit 300 includes first and second multipli-
ers 301 and 302 for multiplying the output signals from the
first adder 210 and the second adder 220 of the summing unit
200 by the spreading sequence SC, respectively. Namely, the
signals are spread to the in-phase signal (I channel signal) and
the quadrature-phase signal ((Q channel signal) using one
spreading code SC.

In addition, as shown in FIG. 5C, the spreading unit 300
includes first and second multipliers 310 and 320 for multi-
plying the output signals from the first and second adders 210
and 220 of the summing unit 200 by the spreading sequence
SC1, third and fourth multipliers 330 and 340 for multiplying
the output signals from the first and second adders 210 and
220 by a spreading sequence SC2, respectively, a first adder
350 for summing the output signal (+) from the first multiplier
310 and the output signal (-) from the third multiplier 330 and
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outputting an I channel signal, and a second summing unit
360 for summing the output signal (+) from the second mul-
tiplier 320 and the output signal (+) from the fourth multiplier
340 and outputting a Q channel signal.

Namely, in the summing unit 200, the in-phase information
and the quadrature-phase information of the n-number of the
complex multipliers are summed by the first and second sum-
ming units 210 and 220. In the spreading unit 300, the in-
phase mformation summing value (g) and the quadrature
phase information summing value (h) from the summing unit
200 are multiplied by the first spreading code SC1 (1) by the
first and second multipliers 310 and 320 for thereby obtaining
gl and hl, and the in-phase information summing value (g) and
the quadrature phase information summing value (h) from the
summing unit 200 are multiplied by the second spreading
code SC2(m) by the third and fourth multipliers 330 and 340
for thereby obtaiming gm and hm, and the first adder 350
computes gl-hm 1n which hm 1s subtracted from gl, and the
second adder 360 computes hl+gm 1n which hl 1s added by
o1m.
As shown in FIG. 5D, the filter 400 includes first and
second pulse shaping filters 410 and 420 for filtering the I
channel signal which 1s the 1in-phase iformation shown in
FIGS. 3B and 5C and the Q channel signal which 1s the
quadrature phase information signal. The modulation unit
500 includes first and second multipliers 510 and 3520 for
multiplying the output signals from the first and second pulse
shaping filters 410 and 420 by cos(2=xt t) and sin(2zxt t), and
an adder 530 for summing the output signals from the multi-
pliers 510 and 520 and outputting a modulation data S(t).

Here, the orthogonal Hadamard sequences may be used as
a Walsh code or other orthogonal code.

For example, from now on, the case that the orthogonal
Hadamard sequence 1s used for the 8x8 Hadamard matrix
shown 1n FIG. 8 will be explained.

FIG. 8 1llustrates an example of the Hadamard (or Walsh)
code. Namely, the case that the sequence vector of a k-th
column or row 1s set to W,_, based on the 8x8 Hadamard
matrix 1s shown therein. In this case, it k1s 1, W, _, represents

W, of the column or row, and itk 1s 5, W,_, represents W, of

the column or row.

Therelore, 1n order to enhance the efficiency of the present
invention, the orthogonal Hadamard sequence which multi-
plies each channel data 1s determined as follows.

In the MxM Hadamard matrix, the sequence vector of the
k-th column or row is set to W,_,, and W,, =W,

Warn=W,, (Where p represents a predetermined number ot

(M/2)-1),and W, =W, >, W, =W, (Where n repre-
sents the number of n-th blocks), and o, WX ,+
10, W5 X »and W, »,+HW,, . The case that only first com-
plex multiplier 1s used 1n the embodiment of FIG. 4, namely,
the data of two channels are complex-multiplied will be
explained. In the MxM (M=8) Hadamard matrix, 1f the k-th
column or row sequence vector 1s setto W, _,, 1t 1s possible to
determine W,, =W, W,,  .=W, or W,, =W, and
Wi, 13=Wo, W, 1 ,=W, . Inaddition, 1t 1s possible to complex-
multiply o, WX, +j0, . WoX 5 or oy WoX, 10, WeX, 5
and W.,+1W,.

In the case that two complex multipliers shown 1n FIG. 4
are used, the second complex multiplier determines
Wasr21=Wo, Wy =W, and W, =W, and W, , =W, s0
that 1t 1s possible to complex-multiply o,, W, X, +
102, WX, and WL+ W,

In addition, as shown in FIG. 5, when the spreading 1s
implemented by using the spreading code SC, one spreading
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code may be used, and as shown 1n FIG. 5C, two spreading
codes SC1 and SC2 may be used for thereby implementing
the spreading operation.

In order to achieve the objects of the present invention, the
orthogonal Hadamard sequence directed to multiplying each
channel data may be determined as follows.

The combined orthogonal Hadamard sequence may be
used istead of the orthogonal Hadamard sequence for
removing a predetermined phase dependency based on the
interference generated in the multiple path type of self-signal
and the interference generated by other users.

For example, 1n the case of two channels, when the
sequence vector of the k-th column or row 1s setto W, _, inthe
MxM (M=8) Hadamard matrix, and the sequence vector of
the m-th column or row 1s set to W _ . the first M/2 or the last
M/2 1s obtained based on the vector W,_, and the last M/2 or
the first M2 1s obtained based on W, _,, so that the combined
orthogonal Hadamard wvector 1s set to W,_,,,. _,, and
Wari1=Wos War1=Wayis WanrmWo, Wiy oop/4 are deter-
mined, so that it 1s possible to complex-multiply ., , W X, |+
105 Wy X and W+ PW,

In the case of three channels, the sequence vector of the
k-th column or row 1s set to W,_, based on the MxM (M=8)
Hadamard matrix, and the sequence vector of the m-th col-
umn or row 1s set to W, ., so that the first M/2 or the last M/2
1s obtained from the vector W, _,, and the last M/2 or the first
M/2 1s obtained from W__,, and the combined orthogonal
Hadamard vectoris setto W,_,,, ., and the summed value of
oy WX 4o, Wy X and o, WoX,, and Wo+PW, ), are
complex multiplied based on W,,, =W, W, =W, .
Wi =Wy, and Wy, =Wo, Wy, =W, .

In addition, 1n the case of two channels, when the sequence
vector of the k-th column or row of the MxM (M=8) Had-
amard vector matrix 1s set to W, _,, and the sequence vector of
the m-th column or row 1s set to W _ | the first M/2 or the last
M/2 1s obtained from the vector W, _,, and the last M/2 or the
first M/2 1s obtamned from W__,, so that the combined
orthogonal Hadamard vector 1s set to W_,,, ., and the
summed value of o, W X, +104,, W, X, and W,+HPW
are complex-multiplied based on W, , =W, W, =W, .
and W,, =W, W, =W, .

In addition, in the case of three channels, when the
sequence vector of the k-th column or row of the MxM (M=8)
Hadamard vector matrix 1s set to W,_,, and the sequence
vector of the m-th column orrow 1s setto W_, the first M/2 or
the last M/2 1s obtained from the vector W, _, , and the last M/2
or the first M/2 1s obtained from W ___,, so that the combined
orthogonal Hadamard vector 1s set to W,_,,,._,, and the
summed value of o, WX, ,+H,,W,,, X,, and o.,, W, X,
and W,+qPW, ., are complex-multiplied based on
Wari1i=Wo, Wy 1o=Wo . Wy =Wy, and W, gy,
Waro=Wim.

Here, so far the cases of two channels and three channels
were explained. The cases of two channels and three channels
may be selectively used 1n accordance with the difference of
the 1mpulse response characteristic difference of the pulse
shaping bandpass filter.

FIG. 6A 1s a view 1illustrating a constellation plot of the
OCQPSK according to the present invention, FIG. 6B 1s a
view 1llustrating a maximum eye-opening point after the
actual pulse shaping filter of FIG. 6A, and FIG. 7 15 a view
illustrating a power peak occurrence statistical distribution
characteristic with respect to an average power between the

OCQPSK according to the present invention and the conven-
tional CDMA ONE and version ETRI 1.0. As shown therein,
the embodiment of FIG. 6A 1s similar with that of FIG. 2A.

However, there 1s a difference 1n the point of the maximum
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eye-opening point after the actual pulse shaping filter.
Namely, 1n FIG. 6B, the range of the upper and lower infor-
mation (QQ channel) and the left and right information (I
channel) are fully satisfied. This causes the difference of the
statistical distribution of the peak power-to-average power.

FI1G. 7 1illustrates the peak power-to-average power ratio
obtained based on the result of the actual stmulation between
the present invention and the conventional art.

In order to provide the identical conditions, the power level
of the control or signal channel is controlled to be the same as
the power level of the communication channel (Fundamental
channel, supplemental channel or the In-phase channel and
the Quadrature channel), and the power level of the pilot
channel 1s controlled to be lower than the power level of the
communication channel by 4 dB. In the above-described
state, the statistical distributions of the peak power-to-aver-
age power are compared.

In the case of OCQPSK according to the present invention,
the comparison 1s implemented using the first complex mul-
tiplier 100 and the n-th complex multiplier 100n shown 1n
FIG. 4. The first block 100 1s implemented based on
War i imWo, Wa, =W W, i =Wo,and W, ,=W,, and the
n-th block 100n 1s implemented based on W, =W,
W= Wa, Wy, =W, and W, =W, In addition, the SCI
1s used as the SC1 for the spreading code. In this case, the SC2
1s not used.

In the case of OCQPSK, the probability that the instanta-
neous power exceeds the average power value (0 dB) by 4 dB
1s 0.03%, and 1n the case of CDMA ONE, the same 1s 0.9%,
and 1in the case of the ETRI version 1.0, the same 1s 4%.
Therefore, 1n the present invention, the system using the
CDMA technique has very excellent characteristic in the peak
to average power ratio sense, and the method according to the
present mnvention 1s a new modulation method which elimi-
nates the cross talk problem.

FI1G. 9 illustrates a permutated orthogonal complex spread-
ing modulation (POCQPSK) according to the present mnven-
tion.

As shown therein, one or a plurality of channels are com-
bined and complex-multiplied by the permutated orthogonal
Hadamard code and then are spread by the spreading code.

As shown therein, there are provided first and second Had-
amard sequence multipliers 600 and 700 for allocating the
multichannel to a predetermined number of channels, split-
ting the same into two groups and outputting o,,, W,,,,1 X,
which 1s obtained by multiplying the data X, of each channel
by the gain o, ; and the orthogonal Hadamard sequence
W, .1, a first adder 810 for outputting

K
Z (@1 Waz n1X51)
n=1

which 1s obtained by summing the output signals from the
first Hadamard sequence multiplier 600, a second adder 820
for outputting

K
Z (HHZWM ,HZXn2)
n=1

which 1s obtained by summing the output signals from the
second Hadamard sequence multiplier 700, a complex mul-
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tiplier 900 for receiving the output signal from the first adder
810 and the output signal from the second adder 820 1n the
complex form of

K
Z (wnl WM ,annl + jwnsz,HZXHZ)

n=1

and complex-multiplying W, , +1PW,, , which consist of the
orthogonal Hadamard code W,,, and the permutated
orthogonal Hadamard code PW,, , that W, , and a predeter-
mined sequence P are complex-multiplied, a spreading unit
300 for multiplying the output signal from the complex mul-
tiplier 900 by the spreading code, a filter 400 for filtering the
output signal from the spreading umt 300, and a modulator
500 for multiplying and modulating the modulation carrier
wave, summing the in-phase signal and the quadrature phase
signal and outputting a modulation signal of the real number.

Here, the construction of the spreading unit 300, the filter
400 and the modulator 500 1s the same as the embodiment of
FIG. 4 except for the following construction. Namely, com-
paring to the embodiment of FIG. 4, 1n the construction of
FIG. 9, the multiplication of the complex type orthogonal
Hadamard sequence performed by the complex multipliers
100 through 100n are separated and connected 1n the rear
portion of the summing unit, and the channel-wise multipli-
cation by the complex type orthogonal Harmard sequence 1s
not implemented. Namely, the two group summed signal 1s
multiplied by the complex type orthogonal Hadamard
sequence.

The first orthogonal Hadamard sequence multiplier 600
outputs

K
Z (@n1 Wag n1 K1)
=1

which 1s summed by the first adder 810 by summing ., ,
W, 11X, which 1s obtained by the first adder 810 by multi-

plying the orthogonal Hadamard sequence W, ,; by the first
data X, , of the first block and the gain «, |, respectively, a.,,
W1 X, which 1s obtained by multiplying the orthogonal
Hadamard sequence W, ,, by the second data X, , of the first
block and the gam o, ;, respectively, and o, W, ., X,,; which
1s obtained by multiplying the orthogonal Hadamard
sequence W,, ., by the n-th data X, of the first block and the
gain Q. ;.

The second orthogonal Hadamard sequence multiplier 700
outputs

K
Z (@2 Wit 2 X2)
n=1

which 1s summed by the second adder 820 by summing
oW, ,X,, which 1s obtained by multiplying the orthogo-
nal Hadamard sequence W,,,, by the first data X, of the
second block and the gain a,, respectively, a,,W,,,,X,,
which 1s obtained by multiplying the orthogonal Hadamard
sequence W,,,, by the second data X, of the second block
and the gain a.,,, respectively, and «,,,W,,,.X,, which 1s
obtained by multiplying the orthogonal Hadamard sequence
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W,,,.» by the n-th data X, , of the second block and the gain
o, .. Here, the block represents one group split into 1 group.

The signal outputted from the first adder 810 forms an
in-phase data, and the signal outputted from the second adder
820 forms an quadrature phase data and outputs

K
Z (wnl WM ,HIXHI + jEHHZWM,HZXHZ )
n=1

In addition, the complex multiplier 900 multiplies the com-
plex output signals from the first and second adders 810 and
820 by a complex type signal that 1s comprised of an orthogo-
nal Harmard code W, ; and PW,, , which results from the
multiplication of the orthogonal Hardmard code W, , by the
sequence P and outputs an m-phase signal and a quadrature
phase signal. Namely, the complex output signals from the
first and second adders 810 and 820 are complex-multiplied
by the complex type signals of W, , +]PW,, , by the complex
multiplier.

The spreading unit 300 multiplies the output signal from
the complex multiplier 900 by the spreading code SCI and
spreads the same. The thusly spread signals are filtered by the
pulse shaping filters 410 and 420. The modulation carrier
waves of cos(2mt t) and sin(27t t) are summed by the modu-
lation multipliers 310 and 520 and then modulated for thereby
outputting s(t).

Namely, the following equation 1s obtained.

K 3
Z (1t Wt 1 Xt + 2 Wiag 2 X2

n=1 .

® (W1 + jPW,, )®SCL

where K represents an integer greater than or equal to 1.

FIG. 10 1llustrates an embodiment that two channel data
are complex-multiplied. A channel data X, ; 1s allocated to the
first orthogonal Hadamard sequence multiplier 600 and
another channel data X, , 1s allocated to the second orthogonal
Hadamard sequence multiplier 700.

Here, the orthogonal Hadamard sequence multiplier
includes a first multiplier 610 for multiplying the first data
X,; by the gain ¢, ;, a second multiplier 611 for multiplying
the output signal from the first multiplier 610 by the orthogo-
nal Hadamard sequence W,, ,, a third multiplier 710 for
multiplying the second data X, , by the gain a., ,, and a fourth
multiplier 711 for multiplying the output signal from the third
multiplier 710 by the orthogonal Hadamard sequence W, ,.
At this time, since one channel 1s allocated to one group, the
summing unit 1s not used.

The complex multiplier 900 1includes fifth and sixth multi-
pliers 901 and 902 for multiplying the output signal a,,
Wy, 11X, from the second multiplier 611 and the output
signal o, W,,,,X,, from the fourth multiplier 711 by the
orthogonal Hadamard sequence W, ,, seventh and eighth
multipliers 903 and 904 for multiplyving the output signal
Wy, X, from the second multiplier 611 and the output
signal ., W,,,,X,, from the fourth multiplier 711 by the
permutated orthogonal Hadamard sequence PW,, ,, a first
adder 905 for summing the output signal (+ac) from the fifth
multiplier 901 and the output signal (-bd) from the seventh
multiplier 903 and outputting an 1n-phase information (ac—
bd), and a second adder 906 for summing the output signal
(bc) from the sixth multiplier 902 and the output signal (ad)
from the eighth multiplier 904 and outputting an quadrature
phase information (bc+ad).
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Therefore, the first and second multipliers 610 and 611
multiply the data X, , by the orthogonal Hadamard sequence
W,, ., and the gain o, for thereby obtaining o, ,X,, ;X
(=a). In addition, the third and fourth multipliers 710 and 711
multiply the data X, , by the orthogonal Hadamard sequence
W,, 1> and the gain «,, for thereby obtaining &, W,, . X,
(=b). The fifth and sixth multipliers 901 and 902 multiply
o Wy, X (Fa)and a5 W,,,,X,, (b) by the orthogonal
Hadamard sequence W,,, (=¢) for thereby obtaining o,
War1 X1 Wy (Fac)and o, W, X, W, (5bc).

The seventh and eighth multipliers 903 and 904 multiply
o Wy, X (Fa)and o, W,, ,X,, (b) by the permutated
orthogonal Hadamard sequence PW,, , for thereby obtaining
A War 1 X PW, o (Fad)and o W, /X ,PW, 6 (5bd).

In addition, the first adder 9035 obtains (o, W, X,
WarD=(0, W, X, PW,, ) (Fac-bd), namely, a,,
War1oX opuarolbd) 18 subtracted from o, W, W, ;
(=ac), and the second adder 906 obtams (o, ;W,, X,
PWaro) (o We,1:X Wy, ) (ad+be),  namely, (o,
Xﬂ/jﬁl 1X11PW,, o) (Fad) 1s summed by (0,W,,15X,5W,, )

C).

FIG. 10 1llustrates the complex multiplier 900 shown 1n
FIG. 9. Assuming that o, W, X, 1s “a”, &, W,,, X, 1S
“b”, the orthogonal Hadamard sequence W,,,1s “c”, and the
permutated orthogonal Hadamard sequence PW,,, 1s “d”,
since (a+jb) (c+jd)=ac-bd+jc (bc+ad), the signal from the
complex multiplier 900 becomes the 1n-phase imnformation
ac—bd and the quadrature phase information bc+ad.

The m-phase data and the quadrature phase data are spread
by the spreading unit 300 based on the spreading code (for
example, PN code). In addition, the I channel signal which 1s
the mn-phase mnformation and the QQ channel signal which 1s
the quadrature phase information signal are filtered by the
first and second pulse shaping filters 410 and 420. The {first
and second multipliers 510 and 520 multiply the output sig-
nals from the first and second pulse shaping filters 410 and
420 by cos(2mt t) and sin(2mt t). The output signals from the
multipliers 510 and 520 are summed and modulated by the
adder 530 which outputs S(t).

In the embodiment as shown in FIG. 9, 1dentically to the
embodiment as shown in FIG. 4, for the orthogonal Had-
amard sequence, the Walsh code or other orthogonal code
may be used. In addition, in the orthogonal Hadamard
sequence of each channel, the sequence vector of the k-th
column or row 1s set to W, _, 1 the MxM Hadamard matrix.
Theretore, o, , WX, |+, . W, X, > and W +]PW, are com-
plex-multiplied based on W, =W, WM =W, (Where p
represents a predetermined number in a range from 0 to
(M/2)-1.

The orthogonal Hadamard sequence 1s allocated to each
channel based on the above-described operation, and i1 there
remain other channels which are not allocated the orthogonal
Hadamard sequence by the above-described operation, and 1f
there remain other channel which are not allocated the
orthogonal Hadamard sequence by the above-described
operation, then any row or column vector from the Hamard
matrix can be selected.

FIG. 11 illustrates an embodiment of the POCQPSK {for the
voice service. In this case, two channels, namely, the pilot
channel and the data of traific channels are multiplied by the
gain and orthogonal Hadamard sequence, and two channel
signals are inputted into the complex multiplier 900 in the
complex type, and the orthogonal Hadamard sequence of the
complex type 1s multiplied by the complex multiplier 900.

FIG. 12 illustrates the construction of a data service having
a good quality voice service and low transmission rate. In this

case, the pilot channel and signaling channel are allocated to
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the first orthogonal Hadamard sequence multiplier 700, and
the traffic channel 1s allocated to the second orthogonal Had-
amard sequence multiplier 700.

FIG. 13 A 1llustrates the construction for a data service of a
high transmission rate. As shown therein, the data transmitted
at a rate oI R bps has the QPSK data type and are transmuatted
at R/2 bps through the serial to parallel converter. As shown 1n
FIG. 13B, the system may be constituted so that the input data
(traffic 1 and tratfic 2) have the identical gains (a,,=a.,,).
Here, when the data having high transmission rate are sepa-
rated into two channels, the gain allocated to each channel
should be determined to the identical gain for thereby elimi-
nating the phase dependency.

FIGS. 14A and 14B illustrate the construction of the mul-
tichannel service. In this case, the data (traffic) having a high
transmission rate 1s converted 1nto the QPSK data for R/2 bps
through the serial to parallel converter and then 1s distributed
to the first orthogonal Hadamard sequence multiplier 600 and
the second Hadamard sequence multiplier 700, and three
channels are allocated to the first orthogonal Hadamard
sequence multiplier 600 and two channels are allocated to the
second orthogonal Hadamard sequence multiplier 700.

As shown 1n FIG. 14B, the serial to parallel converter 1s not
used, and when the data (traffic) 1s separated into two channel
data (Traffic 1) and (traific 2) and then 1s 1nputted, the gain
adapted to each channel adapts the identical gains
(a31=a12).

FIG. 15A 1s a phase trajectory view of an OCQPSK accord-
ing to the present invention, FIG. 15B 1s a phase trajectory
view of a POCQPSK according to the present invention, and
FIG. 15C 1s a phase trajectory view of a complex spreading
method according to PN complex spreading method of the
present invention.

As shown therein, when comparing the embodiments of
FIGS. 15A, 15B and 15C, the Shapes of the trajectories and
the zero points are different. In a view of the power efficiency,
there 1s also a difference. Therelore, the statistical distribution
of the peak power-to-average power ratio 1s different.

FIG. 7 illustrates a characteristic 1llustrating a statistical
distribution of a peak power-to-average power ratio of the
CDMA ONE method compared to the OCQPSK method and
the POSQPSK.

In order to provide the 1dentical condition, the power level
ol the signal channel 1s controlled to be the same as the power
level of the commumnication channel, and the power level of
the pilot channel 1s controlled to be lower than the power level
of the communication channel by 4 dB, and then the statistical
distribution of the peak power-to-average power ratio 1s com-
pared.

In the case of the POCQPSK according to the present
invention, in the first block 600 of FIG. 9, W, =W, and
W,,,, =W, are implemented, and in the second block 700,
War12=Wy, and W, =W, and W, ,=W, are implemented.
For the value of P, the spreadmg code 1S used so that consecu-
tive two sequences have the 1dentical value.

For example, the probability that the instantaneous power
exceeds the average power value (0dB) by 4 dB 15 0.1% based
on POCQPSK, and the complex spreading method 1s 2%.
Therefore, 1n view of the power efficiency, the method adapt-
ing the CDMA technique according to the present invention 1s
a new modulation method having excellent characteristic.

As described above, in the OCQPSK according to the
present invention, the first data and the second data are mul-
tiplied by the gain and orthogonal code, and the resultant
values are complex-summed, and the complex summed value
1s complex-multiplied by the complex type orthogonal code.
The method that the information of the multichannel of the
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identical structure 1s summed and then spread 1s used. There-
fore, this method statistically reduces the peak power-to-
average power ratio to the desired range.

In addition, 1n the POCQPSK according to the present
invention, the data of the first block and the data of the second
block are multiplied by the gain and the orthogonal code,
respectively, and the permutated orthogonal spreading code
of the complex type 1s complex-multiplied and then spread.
Theretore, this method statistically reduces the peak power-
to-average power ratio to the desired range, and it 1s possible
to decrease the phase dependency based 1n the multichannel
interference and the multiuser interference using the com-
bined orthogonal Hadamard sequence.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications, tat
additions and substitutions are possible, without departing
from the scope and spirit of the mvention as recited 1n the
accompanying claims.

What 1s claimed 1s:
[1. An orthogonal complex spreading method for multiple
channels, comprising the steps of:

complex-summing W,, ., X, ;, which is obtained by multi-
plying an orthogonal code sequence W, ,, by first data
group X, of a n-th block, and W, .X ., which is
obtained by multiplying an orthogonal code sequence
W,,,.» by second data group X, , of a n-th block, M and
n being positive mntegers;

complex-multiplying the complex summed form of
WX HW,a,,-X,5, by a complex form of W,, .+
IWy,a and  outputting (W, X, +)]W,, X )X
(W3t Wa,,.4) as an output signal; and

summing in-phase and quadrature phase parts of the output
signal outputted from a plurality of blocks as

b

Z ((War 1 Knt + IWar 2 X%2) X (Wag 3 + 1W gy 4 |

n=1 /

K 1s a predetermined integer greater than or equal to 1 to
generate I channel and QQ channel signal.]

[2. The method of claim 1 wherein a spreading code
spreads the summed 1n-phase and quadrature-phase signals
outputted from the summing step.}

[3. The method of claim 1 wherein said orthogonal code
sequence includes a Hadamard code sequence.]

[4. The method of claim 1 wherein said orthogonal code
sequence includes a Walsh code.]

[5. The method of claim 2 wherein said spreading code is
one spreading code.}

[6. The method of claim 5 wherein said spreading code
sequence includes a PN code.]

[7. The method of claim 5 wherein said spreading code
includes a first spreading code for the in-phase signal and a
second spreading code for the quadrature-phase signal.}

[8. The method of claim 7 wherein the first and second
spreading codes are PN codes.}

[9. The method of claim 3 wherein W, ,, =W, W,, . =W,
and W,, =W, W, ., =W, , when M=4 ]

[10. The method of claim 9 wherein M=8 and W, , ,=W ]

[11. The method of claim 3 wherein W,, ,=W,,
Waro=W, , Where p represents a predetermined number in a
range from 0 to (M/2)-1,and W, =W, . W, =W, ]
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[12. The method of claim 3 wherein W, , =W,
Wiaro=Wo W, =W, W, =W, when M=8 1n case of two
channels.}

[13. The method of claim 12 wherein W,,,,=W, and
Wir2o=Wi ]

[14. Anorthogonal complex spreading apparatus, compris-
ng:

a plurality of complex multiplication blocks, each for com-
plex-multiplexing a complex signal W, X +
IWarnX,o by Wy, 2 +W,, . wherein W,, X, 18
obtained by multiplying an orthogonal code sequence
Wy, 1 by first data group X, of n-th block and
Wy, X, 18 obtained by multiplying orthogonal
sequence W,, . by second data group X, , of the n-th
block, wherein M and n are positive integers and W, |,
Wism Wag s and W, are predetermined orthogonal
sequences; and

a summing unit for summing in-phase and quadrature
phase parts of an output signal from each block of the
plurality of the complex multiplication blocks as

K 3
Z (@ Wag i1 Kt + 10,0 War 2 K2) X (Wayg 3 + Wy 0 |5

n=1 /

K is a predetermined integer greater than or equal to 1.]

[15. The apparatus of claim 14 further comprising a spread-
ing unit for multiplying the summed 1n-phase and quadrature
phase signals 1mnputted from the summing unit by spreading,

code ]

[16. The apparatus of claim 15 wherein said spreading unit
multiplies the in-phase and quadrature phase part by different
spreading codes.]

[17. The apparatus of claim 14 wherein each said complex
multiplication block includes:

a first multiplier for multiplying the first data group X, by

the orthogonal code sequence W, ,;

a second multiplier for multiplying the second data group
X,,» by the orthogonal code sequence W, ,;

third and fourth multipliers for multiplying the output sig-
nal W,, X, from the first multiplier and the output
signal W, ,X, > from the second multiplier by orthogo-
nal code sequence W, 1;

fiith and sixth multipliers for multiplying the output signal
W1 X, from the first multiplier and the output signal
WX, from the second multiplier by orthogonal
code sequence W, 4

a first adder for subtracting output signal from the sixth
multiplier from output signal (ac) from the third multi-
plier and outputting an 1n-phase information; and

a second adder for summing output signal from the fourth

multiplier and output signal from the fifth multiplier and
outputting quadrature phase information.}

[18. The apparatus of claim 17 wherein said orthogonal
code sequence includes a Hadamard code sequence.]

[19. The apparatus of claim 17 wherein said orthogonal
code sequence includes a Walsh code.]

[20. A permuted orthogonal complex spreading method for
multiple channels allocating at least two input channels to
first and second groups, comprising the steps of:

multiplying a predetermined orthogonal code sequence

W1 by first data group X, ;
multiplying orthogonal code sequence W,, ,, by second
data group X _;
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summing output signals W,,. X, , and W,, .X -, 1n the
complex form of

K
Z (Wi Xt + Wi 2 Xon2);

n=1

and

complex-multiplying the recerved output signal

K
Z (Wi n1Xn1 +IWamX2) by (War 1 + JPW,, )
n=1

wherein P 1s a predetermined sequence, and W,,; and
W, o are orthogonal code sequences. ]

[21. The method of claim 20 wherein the spreading code is
a PN code.]

[22. The method of claim 20 wherein P represents said
predetermined sequence or predetermined spreading code or
predetermined integer configured so that two consecutive
sequences have identical values.}

[23. The method of claim 20 wherein said orthogonal code
sequence includes a Hadamard code sequence.]

[24. The method of claim 20 wherein said orthogonal code
sequence includes a Walsh code.]

[25. The method of claim 23 wherein W,,~W,,
Waro=W, . (Where q represents a predetermined number in

a range from 0 to (M/2)-1).]

[26. The method of claim 23 further comprising the steps
of:

multiplying the first data group X , by gain @, ,; and

il

multiplying the second data group X, , by gain o ,.]

[27. The method of claim 23 wherein W,,,,=W,,
Was1:=Ws, and W, =W, W, =W, when M=4 ]

[28. The method of claim 27 wherein M=8 and
WM,l.’Z: 4-]

[29. The method of claim 23 wherein W,,, =W,

Warn=W, .1, Wherein q represents a predetermined number
in a range from 0 to (M/2)-1 and W,, =W, W,, =W ]

[30. The method of claim 20 wherein each group has at
least two channels and the receiving step includes the steps of:

summing output signals W, X  tfrom a first sequence
multiplier; and

summing outputsignals W, , X ., from asecond sequence
multiplier. ]

[31. A permuted orthogonal complex spreading apparatus
for multiple channels, allocating at least two input channels to
first and second groups, comprising:

a first multiplier block having at least one channel con-
taimned 1n a first group of channels, each for outputting
W,,nX,,, which 1s obtained by multiplying first data
group X,,; by orthogonal code sequence W, ,,, Mandn
are positive integers;

a second multiplier block having a number of channels
having at least one channel contained 1n a second group
of channels, each for outputting W,, .X, . which 1s
obtained by multiplying a first data group X , by
orthogonal code sequence W, ,;
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a complex multiplier for receiving the output signals from
the first and the second multiplier blocks 1n a complex
form of

K
Z (WM,HIXHI + jwM,HZXHZ)

n=1

and complex-multiplying received output signal by
W HPW,, o, wherein W,,, and W, , are predeter-
mined orthogonal code sequence permuted and P 1s a
predetermined sequence.}

[32. The apparatus of claim 31 wherein said orthogonal
code sequence includes a Hadamard code sequence.]

[33. The apparatus of claim 31 wherein said orthogonal
code sequence includes a Walsh code.]

[34. The apparatus of claim 32 wherein W, =W,
War12=Wa, Wy =W,, and W,, =W, W, ,=W,, when
M=8 in case of three input channels.}

[35. The apparatus of claim 32 wherein W,,,,=W,,
War1,=W,, and W, =W, W, =W, in case of three input
channels.]

[36. The apparatus of claim 32 wherein W,,,,=W,,
WM,12:W4: WM,leWZ: WM,S =W, and WM,I:WD:
W, o=W, in case of four input channels.]

[37. The apparatus of claim 32 wherein W,,,,=W,,
WM,12:W4: WM,SIZWE: WM,I:WD: WM,Q:WI and
W,/ -1=Wjy in case of four input channels ]

[38. The apparatus of claim 32 wherein W, , =W,
WM,12:W4: WM,EIZWZ! WM,MZWG: WM,.’ZQ,:WI: and
W, Wo. Wy, =W, in case of five input channels. ]

[39. The apparatus of claim 32 wherein W, =W,
WM,12:W4: WM,21:W:2: WM,31:W65 WM,zzzwsn and
Wi Wo, Wy, o=W, 1n case of five channels. ]

[40. The apparatus of claim 31 wherein W, , =W,
WM,12:W4: WM,31W2: WM,E.’ZZWG! and WM,I:WD:
Waso=W, and W,,,,=W, in case of five input channels.]

[41. The apparatus of claim 36 wherein W X, , +jW_ X,
W,X,, and W X, are replaced by o, WX, ,+1a;, W_X, -,
d, W,X,, and o, WX,,,and a gain o, and a gain ¢, are
the 1dentical gain 1n order to remove the phase dependency by
an interference occurring 1n a multipath of a self signal and an
interference occurring by other users.]

[42. The apparatus of claim 31 wherein W, =W,
Wiarn=Wo, and Wy, =W, Wy, =W, ]

[43. The apparatus of claim 31 wherein the first multiplier
block comprises at least a third multiplier for multiplying the
first data group X , by gain o, ,, and the second multiplier
block comprises at least a fourth multiplier the second data
group X, , by gain o ,.]

[44. The apparatus of claim 31 wherein W, , =W,
Wa1:"Wy,and W, ~Wo W, , =W, ., when M=8 in case
of two input channels.}

[45. The apparatus of claim 32 wherein W, ,,=W,,
Wiari12=Wai, Wayo =Wo, and W, =W, Wy, =W, ,, when
M=8 in case of three input channels.}

[46. The method of claim 32 wherein W, , =W,
Wa1:=Wy,and Wy, mWo, W, , =W, », when M=8 1n case
of two input channels.}

[47. The apparatus of claim 32 wherein W,,,,=W,,
WM,lzzwzfl ; WM,21:W4: and WM,I:WD: WM, Q:Wl /2, When
M=8 in case of three input channels.}
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[48. The apparatus of claim 31 wherein each group has at
least the two mput channels, further comprising:
a first adder for outputting,

K
Z (W X51)
n=1

by summing output signals from the first multiplier

block; and
a second adder for outputting

K
Z (WarmXn)
n=1

by summing output signals from the second multiplier
block.]

[49. The apparatus of claim 31 further comprising:

a spreading unit for multiplying the signal

K
Z (WM,HI an + jWM,HZXHZ)

n=1

received by the complex multiplier by a spreading code.]

[50. The apparatus of claim 49 wherein the spreading unit
respectively multiplies the m-phase and quadrature-phase
parts by different spreading codes.]

[S1. The apparatus of claim 31 wherein W,, .., W,, .
Wi, and W, , are orthogonal Hadamard sequences. ]

[52. The apparatus of claim 31 wherein the complex mul-
tiplier includes:

fifth and s1xth multipliers for multiplying said output signal
from the first multiplier block and said output signal
from the second sequence multiplier by orthogonal

sequence W, , ;

seventh and eighth multipliers for multiplying said output
signal from the first multiplier block and output signal
A, Wy, X, , from the second multiplier block by
orthogonal sequence W,

a third adder for subtracting output signal from the eighth
multiplier from output signal from the fifth multiplier to
output an in-phase information; and

a second adder for summing output signal from the sixth
multiplier and output signal from the seventh multiplier
to output quadrature-phase information.}

[53. A permuted orthogonal complex spreading apparatus
for multiple channels, allocating at least two mput channels
into first and second groups, comprising;:

first and second multiplier blocks for respectively multi-
plying first and second data group X ,,and X , witha set
of predetermined orthogonal sequences W,, ,, and
Wy, tooutput W,, X  and W,, X .

12

a complex multiplier for receiving the output signals
Wy, nX, and W, X . from the first and the second
multiplier blocks 1n the complex form of

K
Z (WM,HI an + jWM,HZXHZ)

n=1
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and multiplying a recerved signal

K
Z (W1 Xt +iWar2Xo2)

n=1

by a predetermined sequence (W, +1PW,, ;)xSC,
wherein W,,,, W,,, are predetermined orthogonal
sequences, P 1s a predetermined sequence and SC 1s a
spreading sequence.]
[54. The apparatus of claim 53 wherein each group has at
least two 1mput channels, further comprising:
a first adder for outputting

K
Z (WM,HI an )
n=1

by summing output signals from the first sequence mul-
tiplier; and
a second adder for outputting

K
Z (W m2Xn2)
n=1

by summing output signals from the second sequence
multiplier. ]

[S5. The apparatus of claim 53 wherein the first sequence
multiplier comprises at least one first gain multiplier for mul-
tiplying the data X, of each channel of the first group by gain
a. ., and the second sequence multiplier comprises at least
one second gain multiplier for multiplying the data X . of
each channel of the second group by gain c. ,.]

[S6. The apparatus of claim 53 wherein W,,,,=W,,
W W, and W, =W, W, =W, , where p represents a
predetermined integer in a range from 0 to (M/2)-1.}

[57. The apparatus of claim 53 wherein W,,,,,, W, .
Wi, and W, , are orthogonal Hadamard sequences. ]

58. A spreading method for a mobile communication
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device, the mobile communication device being capable of 45

supporting a plurality of channels, the method comprising:
generating a first signal, a, based on at least one of the
inputs to one of the plurality of channels, a first code, and
a first gain,

generating a second signal, b, based on at least another of 50

the inputs to another of the plurality of channels, a
second code, and a second gain;

nonrvandomly generating modulated data at least based on
values representing e-a-e-b-d and e-b+e-a-d, wherein d is
a third signal based on at least a first sequence of ele-

ments, wherein the elements in the first sequence of

elements nonrandomly alternate between a first value
and a second value, the first value being different from

the second value, wherein e is a second sequence of

elements, wherein some of the elements in the second
sequence have the first value and the other elements in
the second sequence have the second value.

59. The method of claim 58 wherein the first sequence of

elements is W ,.

60. The method of claim 59, wherein the first signal is
generated based on at least a fourth signal genervated by
multiplyving the one of the inputs, the first code, and the first
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gain, and the second signal is generated based on at least a
fifth signal generated by multiplyving the another of the inputs,
the second code, and the second gain.

61. The method of claim 59, further comprising

transmitting the modulated data through an antenna.

62. The method of claim 59, wherein the first code consists
of elements, one or more of the elements of the first code
having the first value and the remaining elements of the first
code having the second value, wherein for the (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of the (2M)th element of
the first code, where M is a series of sequential positive
integers beginning at 1.

63. The method of claim 62, wherein the second code

consists of elements, one or more of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-

Dith element of the second code, the value of the (2K-1)th

element of the second code is the same as the value of the
(2K)th element of the second code, wherve K is a series of
sequential positive integers beginning at 1.

64. The method of claim 59, wherein the first signal consists
of a sequence of pairs of elements, wherein each pair of
elements consists of two elements both having a same value.

65. The method of claim 64, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

66. The method of claim 58, wherein the second sequence
is a first PN code.

67. The method of claim 66, wherein the first sequence of
elements is W ,.

68. The method of claim 58 or claim 66, whevein the first

code is orthogonal to the second code.

69. The method of claim 58 or claim 66, wherein the first
code and the second code are even-numbeved Walsh codes.

70. The method of claim 69, wherein the first signal is
generated based on at least a fourth signal genervated by
multiplying the one of the inputs, the first code, and the first
gain, and the second signal is generated based on at least a
fifth signal generated by multiplyving the another of the inputs,
the second code, and the second gain.

71. The method of claim 69, further comprising

transmitting the modulated data through an antenna.

72. The method of claim 66, wherein the third signal is
further based on a thivd sequence of elements and the first
code is orthogonal to the second code.

73. The method of claim 94 or claim 72, wherein the third
sequence of elements is genervated based on a second PN
code.

74. The method of claim 94 or claim 72, wherein the third
sequence of elements is generated based on a spreading
sequence.

75. The method of claim 94 or claim 72, wherein one or
movre of the elements in the third sequence of elements have
the first value and the remaining elements in the thivd
sequence of elements have the second value, whevrein for the
(2N=1)th element in the thivd sequence of elements, the value
of the (2N-1)th element is the same as the value of the (2N)th
element in the third sequence of elements, where N is a series
of sequential positive integers beginning at 1.

76. The method of claim 94 or claim 72, wherein the third
signal is a multiplication of the first sequence of elements and
the thivd sequence of elements.

77. The method of claim 94 or claim 72, wherein the third

sequence of elements consists of a sequence of groups,



US RE44,507 E

23

wherein each of the groups consists of either two elements
both having the first value ov two elements both having the
second value.

78. The method of claim 94 ov claim 72, wherein the third
signal is a multiplication of the first sequence of elements and
the third sequence of elements and whevein the thivd sequence

of elements consists of a sequence of groups, wherein each of

the groups consists of either two elements both having the first
value or two elements both having the second value.

79. The method of claim 78, whevein the first signal is
generated based on at least a fourth signal genevated by
multiplving the one of the inputs, the first code, and the first
gain, and the second signal is generated based on at least a
fifth signal generated by multiplyving the another of the inputs,
the second code, and the second gain.

80. The method of claim 79, further comprising

transmitting the modulated data through an antenna.

81. The method of claim 80, whevrein the first code consists
of elements, one or movre of the elements of the first code

having the first value and the remaining elements of the first
code having the second value, wherein for the (2M-1)th

element of the first code, the value of the (2M—-1)th element of
the first code is the same as the value of the (2M)th element of

the first code, wheve M is a series of sequential positive
integers beginning at 1.
82. The method of claim 81, wherein the second code

consists of elements, one or move of the elements of the second

code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-

Dith element of the second code, the value of the (2K-1)th

element of the second code is the same as the value of the

(2K)th element of the second code, wheve K is a series of

sequential positive integers beginning at 1.
83. The method of claim 80, whevein the first signal consists

of a sequence of pairs of elements, wherein each paiv of 35 gain, ar o er ‘
fifth signal generated by multiplyving the another of the inputs,

elements consists of two elements both having a same value.

84. The method of claim 83, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

83. The method of claim 79, wherein the first code consists
of elements, one ov more of the elements of the first code
having the first value and the remaining elements of the first
code having the second value, wherein for the (2M-1)th
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element of the first code, the value of the (2M—-1)th element of 45

the first code is the same as the value of the (2M)th element of

the first code, wherve M is a series of sequential positive
integers beginning at 1.

86. The method of claim 83, whervein the second code

consists of elements, one or move of the elements of the second 50

code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-

Dith element of the second code, the value of the (2K-1)th

element of the second code is the same as the value of the

(2K)th element of the second code, wheve K is a series of 55

sequential positive integers beginning at 1.
87. The method of claim 79, wherein the first signal consists

of a sequence of pairs of elements, wherein each pair of

elements consists of two elements both having a same value.
88. The method of claim 87, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.
89. The method of claim 78, further comprising
transmitting the modulated data through an antenna.
90. The method of claim 78, wherein the first code consists
of elements, one or movre of the elements of the first code
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having the first value and the remaining elements of the first
code having the second value, wherein for the (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of the (2M)th element of
the first code, where M is a series of sequential positive
integers beginning at 1.

91. The method of claim 90, wherein the second code
consists of elements, one or more of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-
Dith element of the second code, the value of the (2K-1)th
element of the second code is the same as the value of the
(2K)th element of the second code, wheve K is a series of
sequential positive integers beginning at 1.

92. The method of claim 78, wherein the first signal consists
of a sequence of pairs of elements, wherein each pair of
elements consists of two elements both having a same value.

93. The method of claim 92, whevein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

94. The method of claim 58, wherein the third signal is

further based on a third sequence of elements.

95. The method of claim 94, wherein the first signal is

generated based on at least a fourth signal genevated by

multiplying the one of the inputs, the first code, and the first

gain, and the second signal is generated based on at least a
fifth signal generated by multiplyving the another of the inputs,

the second code, and the second gain.
96. The method of claim 58, wherein the first signal is

generated based on at least a fourth signal genervated by

multiplyving the one of the inputs, the first code, and the first
d the second signal is generated based on at least a

the second code, and the second gain.

97. The method of claim 96, further comprising

transmitting the modulated data through an antenna.

98. The method of claim 58, further comprising

transmitting the modulated data through an antenna.

99. The method of claim 58, wherein the first code consists
of elements, one ov more of the elements of the first code
having the first value and the remaining elements of the first
code having the second value, wherein for the (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of the (2M)th element of
the first code, where M is a series of sequential positive
integers beginning at 1.

100. The method of claim 99, wherein the second code
consists of elements, one or more of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-
1)th element of the second code, the value of the (2K-1)th
element of the second code is the same as the value of the
(2K)th element of the second code, wheve K is a series of
sequential positive integers beginning at 1.

101. The method of claim 58, wherein the first signal con-
sists of a sequence of pairs of elements, whervein each pair of
elements consists of two elements both having a same value.

102. The method of claim 101, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair

of elements consists of two elements both having a same
value.
103. The method of claim 58, wherein the second sequence

of elements is a spreading sequence.
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104. A mobile communications device, comprising:

a first signal genervator configured to generate a first signal,
a, based on at least a first input, a first code, and a first
gain;

a second signal generator configured to generate a second
signal, b, based on at least a second input, a second
code, and a second gain, wherein the first code is
orthogonal to the second code; and

an output genervator configured to nonrandomly generate
modulated data at least based on values representing
e-a-e-b-dande-b+e-a-d, wherein dis a thivd signal based
on at least a first sequence of elements, wherein the
elements in the first sequence of elements nonvandomly
alternate between a first value and a second value, the
first value being diffevent from the second value, wherein
e is a second sequence of elements, wherein some of the
elements in the second sequence have the first value and
the other elements in the second sequence have the sec-
ond value.

105. The apparatus of claim 104, wherein the first sequence

of elements is W ,.

106. The apparatus of claim 105, wherein the first signal is
generated based on at least a fourth signal genervated by
multiplyving the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal
generated by multiplyving the second input, the second code,
and the second gain.

107. The apparatus of claim 105, wherein the first code
consists of elements, one or move of the elements of the first
code having the first value and the remaining elements of the
first code having the second value, wherein for the (2M-1)th
element of the first code, the value of the (2M—-1)th element of

the first code is the same as the value of the (2M)th element of
the first code, wheve M is a series of sequential positive
integers beginning at 1.

108. The apparatus of claim 107, wherein the second code
consists of elements, one or move of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-
1D)th element of the second code, the value of the (2K-1)th
element of the second code is the same as the value of the
(2K)th element of the second code, where K is a series of
sequential positive integers beginning at 1.

109. The apparatus of claim 105, wherein the first signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

110. The apparatus of claim 109, whevein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

111. The apparatus of claim 104, wherein the second
sequence of elements is a first PN code.

112. The apparatus of claim 111, wherein the first sequence
of elements is W ,.

113. The apparatus of claim 104 or claim 111, wherein the
first code and the second code include Walsh codes.

114. The apparatus of claim 104 or claim 111, wherein the
first code and the second code arve even-numbered Walsh
codes.

115. The apparatus of claim 114, wherein the first signal is
generated based on at least a fourth signal genevated by
multiplyving the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal
generated by multiplying the second input, the second code,
and the second gain.
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116. The apparatus of claim 111, whevein the third signal
is further based on a third sequence of elements.

117. The apparatus of claim 132 or claim 116, wherein the
third sequence of elements is generated based on a second PN
code.

118. The apparatus of claim 132 or claim 116, wherein the
thivd sequence of elements is generated based on a spreading
sequence.

119. The apparatus of claim 132 or claim 116, wherein one
or movre of the elements in the thivd sequence of elements have
the first value and the remaining elements in the thivd
sequence of elements have the second value, whevein for the
(2N=1)th element in the thivd sequence of elements, the value
of the (2N-1)th element is the same as the value of the (2N)th
element in the thivd sequence of elements, where N is a series
of sequential positive integers beginning at 1.

120. The apparatus of claim 132 ov claim 116, wherein the
thivd signal is a multiplication of the first sequence of ele-
ments and the third sequence of elements.

[121. The apparatus of claim 132 or claim 116, wherein the
thivd sequence of elements consists of a sequence of groups,
wherein each of the groups consists of either two elements
both having the first value ov two elements both having the
second value.

122. The apparatus of claim 132 or claim 116, wherein the
thivd signal is a multiplication of the first sequence of ele-
ments and the third sequence of elements and wherein the
thivd sequence consists of a sequence of groups, wherein each
of the groups consists of either two elements both having the

first value or two elements both having the second value.

123. The apparatus of claim 122, wherein the first signal is

generated based on at least a fourth signal genevated by

multiplying the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal

generated by multiplying the second input, the second code,

and the second gain.
124. The apparatus of claim 123, wherein the first code

consists of elements, one or more of the elements of the first
code having the first value and the remaining elements of the

first code having the second value, wherein for the (2M-1)th

element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of the (2M)th element of
the first code, where M is a series of sequential positive
integers beginning at 1.

125. The apparatus of claim 124, wherein the second code
consists of elements, one or more of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-
Dith element of the second code, the value of the (2K-1)th
element of the second code is the same as the value of the
(2K)th element of the second code, wheve K is a series of
sequential positive integers beginning at 1.

126. The apparatus of claim 123, wherein the first signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

127. The apparatus of claim 126, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

128. The apparatus of claim 122, wherein the first code
consists of elements, one or more of the elements of the first
code having the first value and the remaining elements of the

first code having the second value, wherein for the (2M-1)th

element of the first code, the value of the (2M-1)th element of
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the first code is the same as the value of the (2M)th element of
the first code, wheve M is a series of sequential positive
integers beginning at 1.

129. The apparatus of claim 128, wherein the second code
consists of elements, one or move of the elements of the second >
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-

1)th element of the second code, the value of the (2K-1)th

element of the second code is the same as the value of the

(2K)th element of the second code, wheve K is a series of 10
sequential positive integers beginning at 1.

130. The apparatus of claim 122, wherein the first signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

131. The apparatus of claim 130, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

132. The apparatus of claim 104, wherein the thivd signal
is further based on a third sequence of elements.

133. The apparatus of claim 132, whevrein the first signal is
generated based on at least a fourth signal genervated by
multiplyving the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal
generated by multiplyving the second input, the second code,
and the second gain.

134. The apparatus of claim 104, wherein the first signal is
generated based on at least a fourth signal genervated by
multiplyving the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal
generated by multiplying the second input, the second code,
and the second gain.

135. The apparatus of claim 104, wherein the first code
consists of elements, one or move of the elements of the first
code having the first value and the remaining elements of the
first code having the second value, wherein for each (2M-1)th
element of the first code, the value of the (2M—-1)th element of
the first code is the same as the value of a (2M)th element of 40
the first code, where M is a series of sequential positive
integers beginning at 1.

136. The apparatus of claim 135, wherein the second code
consists of elements, one or move of the elements of the second
code having the first value and the remaining elements of the
second code having the second value, wherein for the (2K-
Dith element of the second code, the value of the (2K-1)th
element of the second code is the same as the value of the
(2K)th element of the second code, wheve K is a series of
sequential positive integers beginning at 1.

137. The apparatus of claim 104, wherein the first signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

138. The apparatus of claim 137, wherein the second signal
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

139. The apparatus of claim 104, wherein the second
sequence of elements is a spreading sequence.

140. A spreading method for a mobile communication
device, the mobile communication device being capable of
supporting one or movre first input channels and one ov more
second input channels, the method comprising:

generating a first output, a, based on at least one or more 65

fivst inputs to the one ov morve first input channels, one or
morve first codes, and one or morve first gains;
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generating a second output, b, based on at least one or
movre second inputs to the one or more second input
channels, one or more second codes, and one or more
second gains, wherein each of the one or more first codes
is orthogonal to each of the one or more second codes;

nonrandomly generating modulated data at least based on
values vepresenting (a+jb)-(I1+jP-W)-e, wherein e is a
first sequence of elements, whervein some of the elements
in the first sequence have a first value and the other
elements in the first sequence have a second value, the
first value being diffevent from the second value, wherein
W is a second sequence of elements and wherein P is a
third sequence of elements.

141. The method of claim 140, wherein the second

sequence is W ,.

142. The method of claim 140, claim 141, claim 170 or

claim 174, wherein the third sequence of elements consists of
a sequence of groups, whevein each of the groups consists of
either two elements both having the first value or two ele-
ments both having the second value.

143. The method of claim 142, whevrein:

the first output is genervated based on summing one ov more
first multiplications, each first multiplication generated
by multiplying one of the one or move first inputs, one of

the one ov morve first codes, and one of the one or more
first gains; and

the second output is genervated based on summing one or
movre second multiplications, each second multiplica-
tion generated by multiplyving one of the one or more

second inputs, one of the one or more second codes, and
one of the one or more second gains.

144. The method of claim 143, further comprising
transmitting the modulated data through an antenna.

145. The method of claim 142, further comprising

transmitting the modulated data through an antenna.

146. The method of claim 140, claim 141, claim 170 or

claim 174, wherein P is generated based on a PN code.

147. The method of claim 140, claim 141, claim 170 or

claim 174, wherein e is a spreading sequence.

148. The method of claim 140, claim 141, claim 170 or

claim 174, wherein e is a PN code.
149. The method of claim 141, whevrein.

the first output is generated based on summing one or more
first multiplications, each first multiplication generated
by multiplyving one of the one or move first inputs, one of
the one ov morve first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
more second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

150. The method of claim 149, further comprising

transmitting the modulated data through an antenna.
151. The method of claim 150, wherein.

each of the one or more first codes consists of elements,

for each of the one or more first codes, one ov more of the
elements in the vespective first code have the first value
and the remaining elements have the second value, and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.
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152. The method of claim 151, wherein:

each of the one or more second codes consists of elements,

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the remaining elements have the second value,
and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

153. The method of claim 150, wherein the first output

consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

154. The method of claim 153, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

155. The method of claim 149, wherein:

each of the one or more first codes consists of elements,

for each of the one or morve first codes, one or more of the
elements in the vespective first code have the first value
and the remaining elements have the second value, and

Jor the (2M—-1)th element of each of the one or morve first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

156. The method of claim 155, wherein:

each of the one or more second codes consists of elements;

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the vemaining elements have the secondvalue,
and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

157. The method of claim 149, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

138. The method of claim 157, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

1359. The method of claim 141, further comprising

transmitting the modulated data through an antenna.

160. The method of claim 159, wherein.

each of the one or morve first codes consists of elements,

for each of the one or morve first codes, one or more of the

elements in the vespective first code have the first value
and the remaining elements have the second value, and

Jor the (2M-1)th element of each of the one or more first

codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

161. The method of claim 160, wherein:

each of the one or more second codes consists of elements,

Joreach of the one or more second codes, one or more of the

elements in the respective second code have the first
value and the vemaining elements have the secondvalue,
and

Jor the (2K-1)th element of each of the one or more second

30
162. The method of claim 159, wherein the first output

consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

163. The method of claim 162, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

164. The apparatus of claim 163 or claim 180, wherein the

10 first code and the second code ave even-numbered Walsh
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165. The apparatus of claim 164, wherein the first signal is
generated based on at least a fourth signal genervated by
multiplying the first input, the first code, and the first gain, and
the second signal is generated based on at least a fifth signal
generated by multiplyving the second input, the second code,
and the second gain.

166. The method of claim 141, wherein:

each of the one or more first codes consists of elements,

for each of the one or movre first codes, one ov more of the
elements in the vespective first code have the first value
and the remaining elements have the second value, and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)thelement is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

167. The method of claim 166, wherein:

each of the one or more second codes consists of elements,

Jor each of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the vemaining elements have the secondvalue,
and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

168. The method of claim 141, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

169. The method of claim 168, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

170. The method of claim 140, wherein the one or more first
codes and the one or more second codes are even-numbered
Walsh codes.

171. The method of claim 170, wherein.

the first output is genervated based on summing one ov more
first multiplications, each first multiplication genervated
by multiplying one of the one or move first inputs, one of
the one ov morve first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
more second multiplications, each second multiplica-
tion generated by multiplyving one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

172. The method of claim 171, further comprising

transmitting the modulated data through an antenna.

173. The method of claim 170, further comprising

transmitting the modulated data through an antenna.

174. The method of claim 140, wherein the (2N-1)th ele-

ment in the second sequence of elements has the first value

codes, the value of the (2K-1)th element is the same as 65 and the (2N)th element in the second sequence of elements

the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

has the second value, wherein N is a series of sequential

positive integers beginning at 1.
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175. The method of claim 140, wherein:

the first output is generated based on summing one or more
fivst multiplications, each first multiplication generated
by multiplying one of the one or more first inputs, one of
the one or move first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or

movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one ov movre second gains.

176. The method of claim 175, further comprising

transmitting the modulated data through an antenna.

177. The method of claim 176, wherein:

each of the one orv more first codes consists of elements,

Jor each of the one or more first codes, one or more of the
elements in the vespective first code have the first value
and the vremaining elements have the second value, and

Jor the (2M—-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

178. The method of claim 177, wherein.

each of the one or more second codes consists of elements,

foreach of the one or more second codes, one ov more of the
elements in the respective second code have the first
value and the remaining elements have the second value,
and

Jor the (2K—-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

179. The method of claim 176, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

180. The method of claim 179, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

181. The method of claim 175, wherein:

each of the one orv more first codes consists of elements,

Jor each of the one or more first codes, one or more of the

elements in the respective first code have the first value
and the remaining elements have the second value, and

Jor the (2M-1)th element of each of the one or more first

codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wherve M is a series of
sequential positive integers beginning at 1.

182. The method of claim 181, wherein.

each of the one ov more second codes consists of elements,

foreach of the one or more second codes, one ov more of the
elements in the respective second code have the first
value and the remaining elements have the second value,
and

Jor the (2K—-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

183. The method of claim 175, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

184. The method of claim 183, wherein the second output
consists of a sequence ofpairs of elements, whervein each pair
of elements consists of two elements both having a same
value.
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185. The method of claim 140, further comprising

transmitting the modulated data through an antenna.
186. The method of claim 185, wherein.

each of the one or more first codes consists of elements,

Jor each of the one or more first codes, one or more of the
elements in the vespective first code have the first value
and the remaining elements have the second value, and

Jor the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wherve M is a series of
sequential positive integers beginning at 1.

187. The method of claim 186, wherein:

each of the one or more second codes consists of elements,

for each of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the vemaining elements have the secondvalue,
and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

188. The method of claim 185, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

189. The method of claim 188, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

190. The method of claim 140, wherein:

each of the one or more first codes consists of elements,
wherein

for each of the one or movre first codes, one ov move of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

191. The method of claim 190, wherein:

each of the one or more second codes consists of elements,

Jor each of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the vemaining elements have the secondvalue,
and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

192. The method of claim 140, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

193. The method of claim 192, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

194. A mobile communications device, comprising:

a first output genervator configured to generate a first out-
put, a, based on at least one or more first inputs, one or
morve first codes, and one or more first gains;

a second output generator configured to generate a second
output, b, based on at least one or more second inputs,
one or more second codes, and one or morve second
gains, wherein each of the one ov more first codes is
orthogonal to each of the one or more second codes; and
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an output generator configured to nonvandomly generate
modulated data at least based on values vepresenting
(a+jb)-(1+]P-W)-e, wherein e is a first sequence of ele-
ments, whervein some of the elements in the first sequence
have a first value and the other elements in the first 5
sequence have a second value, the first value being dif-
ferent from the second value, whevein W is a second
sequence of elements and wherein P is a thivd sequence
of elements.
195. The apparatus of claim 194, wherein the second
sequence of elements is W ,.
196. The apparatus of claim 194, claim 195, claim 209, or
claim 211, wherein the thivd sequence of elements consists of
a sequence of groups, wherein each of the groups consists of

34

the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

206. The apparatus of claim 205, wherein:

each of the one or more second codes consists of elements;

for each of the one or more second codes, one or movre of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

207. The apparatus of claim 195, wherein the first output

10

consists of a sequence of pairs of elements, wherein each pair

either two elements both having the first value or two ele- 15 of elements consists of two elements both having a same

ments both having the second value.

197. The apparatus of claims 194, claim 195, claim 209, or
claim 211, wherein P is generated based on a PN code.

198. The apparatus of claim 194, claim 195, claim 209, or
claim 211, wherein e is a spreading sequence.

199. The apparatus of claim 194, claim 195, claim 209, or
claim 211, wherein e is a PN code.

200. The apparatus of claim 195, wherein.

the first output is genervated based on summing one ov more

20

value.

208. The apparatus of claim 207, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.

209. The apparatus of claim 194, wherein the one or more
first codes and the one or more second codes are even-num-

beved Walsh codes.
210. The apparatus of claim 209, wherein:

fivst multiplications, each first multiplication genevated 25  the first output is generated based on summing one or more
by multiplying one of the one or morve first inputs, one of first multiplications, each first multiplication generated
the one or more first codes, and one of the one or more by multiplying one of the one or morve first inputs, one of
first gains; and the one or more first codes, and one of the one or more
the second output is generated based on summing one or first gains; and
movre second multiplications, each second multiplica- 30  the second output is generated based on summing one or
tion generated by multiplying one of the one or more movre second multiplications, each second multiplica-
second inputs, one of the one or more second codes, and tion generated by multiplying one of the one or more
one of the one or movre second gains. second inputs, one of the one or more second codes, and
201. The apparatus of claim 200, wherein. one of the one or more second gains.
each of the one or morve first codes consists of elements; 35  211. The apparatus of claim 194, wherein the (2N-1)th

for each of the one or morve first codes, one or more of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M—-1)th element of each of the one or morve first

element in the second sequence of elements has the first value
and the (2N)th element in the second sequence of elements
has the second value, wherein N is a series of sequential
positive integers beginning at 1.

codes, the value of the (2M-1)th element is the same as 40
the value of the (2M)th element, where M is a series of

212. The apparatus of claim 211, wherein:
the first output is genervated based on summing one or more

sequential positive integers beginning at 1.
202. The apparatus of claim 201, wherein:
each of the one or more second codes consists of elements;

first multiplications, each first multiplication generated
by multiplying one of the one or morve first inputs, one of
the one or more first codes, and one of the one or more

Joreach of the one or more second codes, one or more of the 45 first gains; and
elements in the respective second code have the first the second output is generated based on summing one or
value and the remaining elements have the second movre second multiplications, each second multiplica-
value; and tion generated by multiplying one of the one or more
Jor the (2K-1)th element of each of the one or more second second inputs, one of the one or more second codes, and
codes, the value of the (2K-1)th element is the same as 50 one of the one ov more second gains.
the value of the (2K)th element, where K is a series of 213. The apparatus of claim 211, wherein:
sequential positive integers beginning at 1. each of the one or more first codes consists of elements;
203. The apparatus of claim 200, wherein the first output for each of the one or more first codes, one ov more of the
consists of a sequence of pairs of elements, wherein each pair elements in the respective first code have the first value
of elements consists of two elements both having a same 55 and the remaining elements have the second value; and
value. Jor the (2M-1)th element of each of the one or more first
204. The apparatus of claim 203, wherein the second out- codes, the value of the (2M-1)th element is the same as
put consists of a sequence of pairs of elements, wherein each the value of the (2M)th element, where M is a series of
pair of elements consists of two elements both having a same sequential positive integers beginning at 1.
value. 60  214. The apparatus of claim 213, wherein.
205. The apparatus of claim 195, wherein. each of the one or movre second codes consists of elements;
each of the one or morve first codes consists of elements; for each of the one or more second codes, one or movre of the
for each of the one or morve first codes, one or more of the elements in the respective second code have the first
elements in the vespective first code have the first value value and the remaining elements have the second
and the vemaining elements have the second value; and 65 value; and

Jor the (2M—-1)th element of each of the one or morve first
codes, the value of the (2M-1)th element is the same as

for the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
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the value of the (2K)th element, where K is a series of

sequential positive integers beginning at 1.

215. The apparatus of claim 211, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

216. The apparatus of claim 215, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.

5

10

217. The apparatus of claim 194, wherein.

the first output is generated based on summing one ov more
fivst multiplications, each first multiplication generated
by multiplying one of the one or morve first inputs, one of
the one or move first codes, and one of the one or more 15
first gains; and

the second output is generated based on summing one or
movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more

second inputs, one of the one or more second codes, and
one of the one ov movre second gains.

218. The apparatus of claim 217, wherein.

each of the one or morve first codes consists of elements;

for each of the one or morve first codes, one or more of the
elements in the vespective first code have the first value
and the remaining elements have the second value; and

Jor the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

219. The apparatus of claim 218, wherein.

each of the one or more second codes consists of elements;

Joreach of the one or more second codes, one ov more of the
elements in the respective second code have the first
value and the remaining elements have the second 35
value; and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

220. The apparatus of claim 217, wherein the first output

20
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consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

221. The apparatus of claim 220, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.

222. The apparatus of claim 194, wherein.

each of the one or morve first codes consists of elements;

for each of the one or morve first codes, one or more of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and
Jor the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as

the value of the (2M)th element, where M is a series of

sequential positive integers beginning at 1.
223. The apparatus of claim 222, wherein:
each of the one or more second codes consists of elements;
Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first

value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second
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codes, the value of the (2K-1)th element is the same as 65
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.
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224. The apparatus of claim 194, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

2235. The apparatus of claim 224, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.

226. A spreading method for a mobile communication
device, the mobile communication device being capable of
spreading one ov morve first inputs and one or more second
inputs to a plurality of channels, the method comprising:

generating a first output, a, based on at least the one or

movre first inputs, one ov movre first codes, and one or
move first gains;

generating a second output, b, based on at least the one or

movre second inputs, one or move second codes, and one
or movre second gains, wherein each of the one or more
first codes is orthogonal to each of the one or more
second codes;

receiving a first sequence of elements, W,

receiving a second sequence of elements, P; and

nonrandomly outputting (a+jb)-(1+jP-W).

227. The method of claim 226, wherein the first sequence of
elements is W ,.

228. The method of claim 226, claim 227, or claim 252,

wherein the second sequence of elements consists of a
sequence of groups, whevein each of the groups consists of
either two elements both having a first value or two elements
both having a second value and wherein the first value is
different from the second value.

229. The method of claim 228, wherein:

the first output is genervated based on summing one ov movre
first multiplications, each first multiplication generated
by multiplying one of the one or move first inputs, one of
the one ov morve first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more

second inputs, one of the one or more second codes, and
one of the one or more second gains.

230. The method of claim 229, further comprising:

generating a modulated signal using the outputted (a+
Jb)Y-(I1+jP-W); and

transmitting the modulated signal through an antenna.

231. The method of claim 230, wherein:

each of the one or more first codes consists of elements;

for each of the one or movre first codes, one ov move of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

for the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

232. The method of claim 231, wherein:

each of the one or movre second codes consists of elements;

for each of the one or more second codes, one or movre of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.
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233. The method of claim 230, wherein the first output

consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

234. The method of claim 233, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

235. The method of claim 228, further comprising:

generating a modulated signal using the outputted (a+

Jb)Y-(1+jP-W); and

transmitting the modulated signal through an antenna.

236. The method of claim 226, claim 227, claim 252 or
claim 256, wherein P is generated based on a PN code.

237. The method of claim 238, further comprising:

generating a modulated signal using the outputted (a+

Jb)Y-(1+jP-W); and

transmitting the modulated signal through an antenna.

238. The method of claim 227, wherein:

the first output is genervated based on summing one ov more

fivst multiplications, each first multiplication genervated

by multiplyving one of the one or move first inputs, one of

the one or move first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
more second multiplications, each second multiplica-
tion generated by multiplyving one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

239. The method of claim 238, wherein:

each of the one or morve first codes consists of elements;

for each of the one or morve first codes, one or more of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M—-1)th element of each of the one or morve first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

240. The method of claim 239, wherein:
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each of the one or more second codes consists of elements; 40

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second 45

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

241. The method of claim 238, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

242. The method of claim 241, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

243. The method of claim 227, further comprising:

generating a modulated signal using the outputted (a+

Jb)Y-(1+jP-W); and

transmitting the modulated signal through an antenna.

244. The method of claim 243, wherein:

each of the one or morve first codes consists of elements;

for each of the one or morve first codes, one or more of the

elements in the vespective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M—-1)th element of each of the one or morve first

codes, the value of the (2M-1)th element is the same as
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the value of the (2M)th element, where M is a series of
sequential positive integers beginning at 1.

245. The method of claim 244, wherein:

each of the one or more second codes consists of elements;

Jor each of the one or more second codes, one or more of the

elements in the respective second code have the first
value and the remaining elements have the second
value; and

for the (2K-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

246. The method of claim 243, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

247. The method of claim 246, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

248. The method of claim 227, wherein:

each of the one or movre first codes consists of elements;

Jor each of the one or more first codes, one or more of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

249. The method of claim 248, wherein.:

each of the one or more second codes consists of elements;

for each of the one or more second codes, one or movre of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

250. The method of claim 227, wherein the first output

consists of a sequence of pairs of elements, wherein each pair

of elements consists of two elements both having a same
value.

251. The method of claim 250, wherein the second output
consists of a sequence of pairs of elements, wherein each pair

of elements consists of two elements both having a same
value.

252. The method of claim 226, wherein the one ov more first
codes and the one or more second codes are even-numbered
Walsh codes.

253. The method of claim 252, wherein:

the first output is genervated based on summing one or more
first multiplications, each first multiplication generated
by multiplying one of the one or morve first inputs, one of
the one or more first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one ov more second gains.

254. The method of claim 253, further comprising:

generating a modulated signal using the outputted (a+
Jb)Y-(1+jP-W); and

transmitting the modulated signal through an antenna.
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255. The method of claim 252, further comprising.
generating a modulated signal using the outputted (a+
Jb)Y-(1+jP-W); and
transmitting the modulated signal through an antenna.
256. The method of claim 226, wherein the (2N-1)th ele-
ment in the first sequence of elements has a first value and the
(2N)th element in the first sequence of elements has a second
value, wherein the first value is different from the secondvalue
and wherein N is a series of sequential positive integers
beginning at 1.
257. The method of claim 226, wherein:
the first output is generated based on summing one ov more
fivst multiplications, each first multiplication generated

by multiplying one of the one or morve first inputs, one of

the one or more first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or
movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more

second inputs, one of the one or more second codes, and
one of the one ov movre second gains.

258. The method of claim 257, further comprising:

generating a modulated signal using the outputted (a+
JbY-(1+jP-W); and

transmitting the modulated signal through an antenna.

259. The method of claim 258, wherein:

each of the one or more first codes consists of elements;

Jor each of the one or more first codes, one or more of the
elements in the respective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as

the value of the (2M)th element, wherve M is a series of

sequential positive integers beginning at 1.

260. The method of claim 259, wherein:

each of the one or more second codes consists of elements;

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K—-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as

the value of the (2K)th element, where K is a series of

sequential positive integers beginning at 1.

261. The method of claim 258, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

262. The method of claim 261, wherein the second output
consists of a sequence of pairs of elements, wherein each pair

of elements consists of two elements both having a same
value.

263. The method of claim 257, wherein:

each of the one or more first codes consists of elements;

Jor each of the one or more first codes, one or more of the
elements in the respective first code have the first value
and the remaining elements have the second value; and

Jor the (2M-1)th element of each of the one or more first
codes, the value of the (2M-1)th element is the same as
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the value of the (2M)th element, wheve M is a series of 60

sequential positive integers beginning at 1.
264. The method of claim 263, wherein:
each of the one or more second codes consists of elements;
Joreach of the one or more second codes, one or more of the

40

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

265. The method of claim 257, wherein the first output

consists of a sequence of pairs of elements, wherein each pair

of elements consists of two elements both having a same
value.

266. The method of claim 265, wherein the second output

consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

267. The method of claim 226, further comprising:

generating a modulated signal using the outputted (a+
Jb)-(I+jP-W); and

transmitting the modulated signal through an antenna.

268. The method of claim 267, wherein:

each of the one or movre first codes consists of elements;

Jor each of the one or more first codes, one or more of the
elements in the respective first code have the first value
and the vemaining elements have the second value; and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

269. The method of claim 268, wherein:

each of the one or more second codes consists of elements;

Jor each of the one or more second codes, one or more of the

elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.
270. The method of claim 267, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.
271. The method of claim 270, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.
272. The method of claim 226, wherein:
each of the one or movre first codes consists of elements;
for each of the one or movre first codes, one ov move of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and

for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

273. The method of claim 272, wherein:

each of the one or more second codes consists of elements;

Jor each of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

274. The method of claim 226, wherein the first output

elements in the respective second code have the first 65 consists of a sequence of pairs of elements, wherein each pair

value and the remaining elements have the second
value; and

of elements consists of two elements both having a same
value.
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275. The method of claim 274, wherein the second output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

276. A spreading apparatus, comprising: d

a first output generator configured to generate a first out-
put, a, based on at least one ov more first inputs, one or
morve first codes, and one or morve first gains;

a second output generator configured to generate a second
output, b, based on at least one or more second inputs,
one or more second codes, and one or more second
gains, whevein each one of the one or morve first codes
are orthogonal to each one of the one or movre second
codes;

a first sequence receiving unit configured to receive a first
sequence of elements, W,

a second sequence veceiving unit configured to receive a
second sequence of elements, P; and

an output unit configured to nonrvandomly output (a+jb)-
(I+jP-W).

277. The apparatus of claim 276, wherein the first sequence
of elements is W ,.

278. The apparatus of claim 276, claim 277, or claim 290,
wherein the second sequence consists of a sequence of 25
groups, wherein each of the groups consists of either two
elements both having a first value or two elements both hav-
ing a second value and wherein the first value is different from
the second value.

279. The apparatus of claim 278, wherein.

the first output is genervated based on summing one ov more

fivst multiplications, each first multiplication generated
by multiplyving one of the one or move first inputs, one of
the one or move first codes, and one of the one or more
first gains; and

the second output is generated based on summing one or

movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

280. The apparatus of claim 279, wherein:

each of the one or more first codes consists of elements;

Jor each of the one or more first codes, one or more of the

elements in the respective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M-1)th element of each of the one or more first

codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wherve M is a series of
sequential positive integers beginning at 1.

281. The apparatus of claim 280, wherein.

each of the one or more second codes consists of elements;

foreach of the one or more second codes, one ov more of the

elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K—-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

282. The apparatus of claim 279, wherein the first output 60
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

283. The apparatus of claim 282, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.
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284. The apparatus of claim 276, claim 277, claim 290 or

claim 292, wherein P is generated based on a PN code.
2835. The apparatus of claim 277, wherein:
the first output is generated based on summing one or more
first multiplications, each first multiplication generated
by multiplyving one of the one or move first inputs, one of
the one ov move first codes, and one of the one or more
first gains; and

the second output is genervated based on summing one or

movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

286. The apparatus of claim 277, wherein:

each of the one or more first codes consists of elements;

Jor each of the one or more first codes, one or more of the

elements in the rvespective first code have the first value
and the vemaining elements have the second value; and

Jor the (2M-1)th element of each of the one or movre first

codes, the value of the (2M-1)th element is the same as
the value of the (2M)th element, wheve M is a series of
sequential positive integers beginning at 1.

287. The apparatus of claim 286, wherein:

each of the one or movre second codes consists of elements;

for each of the one or more second codes, one or movre of the

elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

288. The apparatus of claim 277, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

289. The apparatus of claim 288, wherein the second out-
put consists of a sequence of pairs of elements, wherein each
pair of elements consists of two elements both having a same
value.

290. The apparatus of claim 276, wherein the one or more
first codes and the one or more second codes are even-num-
berved Walsh codes.

291. The apparatus of claim 290, wherein:

the first output is genervated based on summing one ov movre

first multiplications, each first multiplication generated
by multiplyving one of the one or move first inputs, one of
the one ov morve first codes, and one of the one or more
first gains; and

the second output is genervated based on summing one or

movre second multiplications, each second multiplica-
tion generated by multiplying one of the one or more
second inputs, one of the one or more second codes, and
one of the one or more second gains.

292. The apparatus of claim 276, whevein the (2N-1)th
element in the first sequence of elements has a first value and
the (2N)th element in the first sequence of elements has a
second value, wherein the first value is different from the
second value and whervein N is a sevies of sequential positive
integers beginning at 1.

293. The apparatus of claim 292, wherein:

each of the one or movre first codes consists of elements;

for each of the one or movre first codes, one ov move of the
elements in the vespective first code have the first value
and the vemaining elements have the second value; and
for the (2M-1)th element of each of the one or movre first
codes, the value of the (2M-1)th element is the same as
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the value of the (2M)th element, where M is a series of

sequential positive integers beginning at 1.

294. The apparatus of claim 293, wherein.

each of the one or more second codes consists of elements;

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first
value and the remaining elements have the second

value; and
Jor the (2K-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as 10

the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

295. The apparatus of claim 292, wherein the first output

consists of a sequence of pairs of elements, wherein each pair

299. The apparatus of claim 298, wherein:

each of the one or more second codes consists of elements;

Joreach of the one or more second codes, one or more of the
elements in the respective second code have the first

5

value and the remaining elements have the second 45

value; and

44
303. The apparatus of claim 302, wherein:

each of the one or movre second codes consists of elements;

for each of the one or more second codes, one or movre of the

elements in the respective second code have the first
value and the remaining elements have the second
value; and

Jor the (2K-1)th element of each of the one or more second

codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of
sequential positive integers beginning at 1.

304. The apparatus of claim 276, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

of elements consists of two elements both having a same 15
value. 3035. The apparatus of claim 304, wherein the second out-
296. The apparatus of claim 295, wherein the second out- put consists of a sequence of pairs of elements, wherein each
put consists of a sequence of pairs of elements, wherein each pair of elements consists of two elements both having a same
pair of elements consists of two elements both having a same value.
value. 70 306. An apparatus for wireless communications, cOompris-
297. The apparatus of claim 276, wherein. ing:
the first output is genervated based on summing one ov more means for genervating a first signal, a, based on at least a
fivst multiplications, each first multiplication genervated first input, a first code, and a first gain;
by multiplying one of the one or move first inputs, one of means for genervating a second signal, b, based on at least
the one or morve first codes, and one of the one or more 25 a second input, a second code, and a second gain; and
first gains; and means for nonvandomly generating modulated data at
the second output is generated based on summing one or least based on values representing e-a-e-b-d and e b+
movre second multiplications, each second multiplica- e-a-d, wherein d is a thivd signal based on at least a fivst
tion generated by multiplyving one of the one or more sequence of elements, wherein the elements in the first
second inputs, one of the one or more second codes, and 30 sequence of elements nonrandomly alternate between a
one of the one or more second gains. first value and a second value, the first value being
298. The apparatus of claim 297, wherein. different from the second value, whevein e is a second
each of the one or morve first codes consists of elements; sequence of elements, wherein some of the elements in
for each of the one or morve first codes, one or more of the the second sequence have the first value and the other
elements in the vespective first code have the first value 35 elements in the second sequence have the second value.
and the vemaining elements have the second value; and 307. The apparatus of claim 306, wherein the first sequence
Jor the (2M—-1)th element of each of the one or morve first of elements is W ,.
codes, the value of the (2M-1)th element is the same as 308. The apparatus of claim 307, wherein the first signal is
the value of the (2M)th element, wheve M is a sevies of  generated based on at least a fourth signal genervated by
sequential positive integers beginning at 1. 40 multiplying the first input, the first code, and the first gain, and

the second signal is generated based on at least a fifth signal
generated by multiplying the second input, the second code,
and the second gain.

309. The apparatus of claim 307, wherein the first code
consists of elements, one or more of the elements of the first
code having the first value and the remaining elements of the

Jor the (2K-1)th element of each of the one or more second
codes, the value of the (2K-1)th element is the same as
the value of the (2K)th element, where K is a series of

fivst code having the second value, wherein for each (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of a (2M)th element of

sequential positive integers beginning at 1.

300. The apparatus of claim 297, wherein the first output
consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

50

the first code, where M is a series of sequential positive
integers beginning at 1.

310. The apparatus of claim 309, wherein the second code
consists of elements, one ov more of the elements of the second
code having the first value and the remaining elements of the

301. The apparatus of claim 300, wherein the second out- 55 second code having the second value, wherein for each (2K-
put consists of a sequence of pairs of elements, wherein each 1)th element of the second code, the value of the (2K-1)th
pair of elements consists of two elements both having a same element of the second code is the same as the value of a (2K)th
value. element of the second code, where K is a series of sequential

302. The apparatus of claim 276, wherein. positive integers beginning at 1.

each of the one or morve first codes consists of elements; 60  311. The apparatus of claim 307, wherein the first signal

for each of the one or morve first codes, one or more of the consists of a sequence of pairs of elements, wherein each pair

elements in the vespective first code have the first value of elements consists of two elements both having a same
and the vemaining elements have the second value; and value.

Jor the (2M—-1)th element of each of the one or morve first 312. The apparatus of claim 311, wherein the second signal

codes, the value of the (2M-1)th element is the same as 65 consists of a sequence of pairs of elements, wherein each pair

the value of the (2M)th element, wherve M is a series of

sequential positive integers beginning at 1.

of elements consists of two elements both having a same
value.
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313. The apparatus of claim 306, whervein the second
sequence is a first PN code.
314. The apparatus of claim 313, wherein the first sequence

46

first code having the second value, wherein for each (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of a (2M)th element of

of elements is W,

the first code, where M is a series of sequential positive

315. The apparatus of claim 306 or claim 313, wherein the 5 integers beginning at 1.
ﬁf"gf;d;’ha”d the second CZOC?E f;zjréudekWal?‘h ZOdE;- P 329. The apparatus of claim 328, whevein the second code
| , iappjmms OJ}Z‘? jlm » W erjné e thir Si}g”? consists of elements, one or more of the elements of the second
is further based on a third sequence and the first code is code having the first value and the remaining elements of the
ornggo;;l fo the SfCO};f ?Oé€'332 Lain 316 wherein the 10 second code having the second value, whervein for each (2K-
. The apparatus of claim or claim 316, wherein the
thivd SEQHEHC{;pfS generated based on a second PN code. Dth element of the Seconc{ code, the value of the (2K~1)th
318. The apparatus of claim 332 or claim 316, wherein the element of the second code is the same as the value of a (2K)th
third sequence is generated based on a spreading sequence element of the second code, where K is a series of sequential
319. The apparatus of claim 332 or claim 316, wherein the positive integers beginning a%‘ L _ _
third sequence consists of elements, one or movre of the ele- 15 330. The apparatus of claim 322, wherein the first signal

ments having the first value and the remaining elements hav-
ing the second value, wherein for the (2N—-1)th element in the
third sequence, the value of the (2N—-1)th element is the same

as the value of the (2N)th element, wherve N is a series of

consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same
value.

331. The apparatus of claim 330, wherein the second signal

sequential positive integers beginning at 1. 20 consists of a sequence of pairs of elements, wherein each pair
320. The apparatus of claim 332 or claim 316, wherein the of elements consists of two elements both having a same

third signal is a multiplication of the first sequence and the value.

thivd sequence. 332. The apparatus of claim 306, wherein the thivd signal
321. The apparatus of claim 332 or claim 316, wherein the is further based on a third sequence and the first code is

third sequence consists of a sequence of groups, wherein each 25 orthogonal to the second code.

of the groups consists of either two elements both having the 333. The apparatus of claim 332, wherein the first signal is

first value or two elements both having the second value. generated based on at least a fourth signal generated by
‘322'_1713 apparatus ofcla{m 332 orclaim 316, wherein the multiplying the first input, the first code, and the first gain, and

rk{m’ signal is a mult:phc?rzon ofzjkeﬁrst sequence :.:md the the second signal is generated based on at least a fifth signal

third sequence and wherein the thivd sequence consists of a 30

sequence of groups, wherein each of the groups consists of

either two elements both having the first value or two ele-
ments both having the second value.
323. The apparatus of claim 322, wherein the first signal is

generated by multiplying the second input, the second code,
and the second gain.

334. The apparatus of claim 306, wherein the first signal is
generated based on at least a fourth signal genevated by
multiplying the first input, the first code, and the first gain, and

generated based on at least a fourth signal generated by 35 _ _ ‘

multiplying the first input, the first code, and the first gain, and the second signal is generated based on at least a fifth signal

the second signal is generated based on at least a fifth signal generated by muln‘plymg the second input, the second code,

generated by multiplying the second input, the second code, and the second gain.

and the second gain. 333. The apparatus of claim 3006, wherein the first code
324. The apparatus of claim 323, wherein the first code 40 consists of elements, one or more of the elements of the first

consists of elements, one or move of the elements of the first
code having the first value and the remaining elements of the
first code having the second value, wherein for each (2M-1)th

element of the first code, the value of the (2M-1)th element of

the first code is the same as the value of a CM)th element of 45

the first code, wherve M is a series of sequential positive
integers beginning at 1.
325. The apparatus of claim 324, wherein the second code

consists of elements, one or move of the elements of the second

code having the first value and the remaining elements of the
fivst code having the second value, wherein for each (2M-1)th
element of the first code, the value of the (2M-1)th element of
the first code is the same as the value of a (2M)th element of
the first code, where M is a series of sequential positive
integers beginning at 1.

336. The apparatus of claim 335, wherein the second code
consists of elements, one ov more of the elements of the second
code having the first value and the remaining elements of the

code ]z;w”;g Zwﬁr st zalue anc;tkelr ema}znsng elememi OJ; ?E U second code having the secondvalue, wherein for each (2K-1)
second code having the second value, wherein for each (2K~ th element of the second code, the value of the (2K-1)th
Dith element of the second code, the value of the (2K-1)th ) h Jeode isth he val 21
element of the second code is the same as the value of a (2K)th c Zememoft ; Hecon dco ; 'St ; bameas the rame ofa( K).t 7
element of the second code, where K is a series of sequential element of the second code, where K is a series of sequentia
e beoinni " 7 positive integers beginning at 1.
posiiive integers beginning at 1. 55 _ _ _
326. The apparatus of claim 323, wherein the first signal 33_7' I'he apparatus of clfum 306, wherein rheﬁ rst ngnql
consisis of a sequence of pairs of elements, wherein each pair consists of a sequence of pairs of elements, wherein each pair
of elements consists of two elements both having a same of elements consists of two elements both having a same
value.
value. . . :
327. The apparatus of claim 326, wherein the second signal 60 33_8' T'he apparatus of clafm 337, wherein the SE?F‘OHd Szgmixl
consists of a sequence of pairs of elements, wherein each pair consists of a sequence of pairs of elements, wh€r€{n each pair
of elements consists of two elements both having a same of elements consists of two elements both having a same
value.
value. _ _
328. The apparatus of claim 322, wherein the first code 339. Ihe alp Y amm:s of Clmj_ 306, wherein the second
consists of elements, one or more of the elements of the first 65 °I4C"C of elements is a spreading sequence.

code having the first value and the remaining elements of the

G o e = x
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EX PARTE

REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

AS A RESULT OF REEXAMINATION, I'T HAS BEEN
DETERMINED THAT:

Claims 1-57 were previously cancelled. 10

Claims 58, 104, 111, 114, 140, 194, 209, 226, 276-278,
290 and 306 are cancelled.

Claims 39-103, 105-110, 112, 113, 115-139, 141-193,

195-208, 210-225, 227-275, 279-289, 291-305 and 307-339 15
were not reexamined.
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