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Standard for Dual Mode Wideband Spread Spectrum Cellular System In
addition, the Telecommunications Industry Association in its submission to the

20 International Telecommunications Union, entitled "The c¢dma2000 ITU-R RTT
Candidate Submission," describes proposed CDMA system that would be able
to support higher data rates and higher capacity. Both in the I5-95 standard
and in the cdma2000 proposal, the transmitted waveform is modulated in
accordance with a pseudonoise spreading sequence.

25 The use of a pseudonoise sequence with appropriate autocorrelation
characteristics is essential to the operation of a CDMA system in which
multipath components are present. The generation and employment of
pseudonoise sequences are described in detail in U.S. Patent No. 4,901,307,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION

30 SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS,” assigned to the
assignee of the present invention, and incorporated by reference herein. The
use of CDMA techniques in a multiple access communication system is further
disclosed in U.S. Patent No. 5,103,459, entitled “SYSTEM AND METHOD FOR
GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR

35 TELEPHONE SYSTEM,” assigned to the assignee of the present mventzon, and
incorporated by reference herein.
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20 allows a receiver to ccherently demodulate the recelved signal. Wlthm
demodulator of such receivers is a channel estimate generator, which estimates
the channel characteristics based on the pilot signal transmitted with values
known to both the transmitter and the receiver. The pilot signal is
demodulated and the phase ambiguities in the received signal are resolved by

25 taking the dot product of the received signal and the pilot signal channel
estimate. An exemplary embodiment of a circuit for performing the dot
product operation is disclosed in U.S. Patent No. 5,506,865, entitled “PILOT
CARRIER DOT PRODUCT CIRCUIT,” assigned to the assignee of the present
invention, and incorporated by reference herein.
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SUMMARY OF THE INVENTION

The invention presented is a novel method and apparatus for generating

a PN sequences with an arbitrary number of bits, where the number of bits is

35 provided in parallel with each clock pulse. This allows the sequences to be
generated at high speed when needed, and allows parallel processing in the
acquisition and demodulation processes. The invention describes in detail
generation of PN sequences as standardized for the IS-95 communications
systems. As proposed in the IS-95 standards, the pseudonoise spreading
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

30 FIG. 1 illustrates a prior art embodiment of pseudonoise (PN) generators
employing linear feedback shift-registers;

FIG. 2 depicts prior art of pseudonoise generators employed to generate
parallel groups of PN sequence;

FIG. 3 is a block diagram illustrating the generahzed operatlon of the

35 present invention apparatus for generating the PN sequences;

FIG. 4 shows one embodiment of the invention;

FIG. 5 is a simplified block diagram of an exemplary receiver chain using
PN generators in accordance with the invention; and
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The short-code PN, sequence satisfies a linear recursion specified by the
20 following generator polynomial (P):

P)=x"+x"+x"+x*+x"+x° +1. (1)

FIG. 1.b depicts a shift-register implementation for generating the PN,
25 sequence. Note that in accordance with FIG. 1a, only the ‘1’ valued coefficients
81> Biv 8y 8y B By By A€ present.
The short-code PN, sequence satisfies a linear recursion specified by the
following generator polynomial (P,):

30 Py(x)=x" +x2 +x" + 20 +x° +2° +x* +x°+1. 2)

FIG. 1.c depicts a shift-register implementation for generating the PN,
sequence.

35 FIG. 1c shows a shift-register implementation of a long-code PN
generator with a mask. The long-code is periodic, with period 2* —1 chips and
satisfies a linear recursion specified by the following characteristic polynomial

(P):



FIG 1.b depicts a shift-register inplenmentation for generating the PN1 25
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20 .

FIG. 3 shows a block diagram of inventive alternative to the
implementation of FIG. 2. In general, a relationship between values of shift
register in a state (n) and next state (n+1) can be expressed as a system of
equations:

25
' Sy(n+D) =g, -Sy()+..+ gy, S, (W)+g, S (4a)
Sy(n+1)=gp sy - Sy +.ct By - S, (M) + gy - 5, (0) (4n-1)
30 Sy (n+) =gy -Sy(M)+...# 8wy - San ()Y + 8y - S, () (4n)
Such a system of equations can be re-written in a matrix form as:
S(n+1)=G*S(n), (5)
35

where:

S(n+1) is column matrix containing the state values of the state after a
shift,




equations: 25 SN (n +1) = g,1 "' SN (n) +. ..+ gIN1 "'S2(n) +9IN "' SI (n)
(4a) 52(n+d)- 1 "SN(n)+...+gN-1IN-1 ' S2(n)+g2N .51(n) - 30

Sl (n+l) = %"" n)+... +gNN-1 ' S2N-1 gn) +gNN . SI (n) (4n)"°(rél§}8#33"system of
equations can be re-witten in a matrix formas: S(n+l)=G*S(n), (5) 35
where: S(n+l1) is colum matrix containing the state values of the state
after a shift, }‘Uém# [0S 8 f:d Gl trix
conpri si ng &@éﬁai{%ﬁﬁl&%ﬁ 1ggltaed I %%ﬁé?ﬁeogﬁdﬂﬁ-4ﬁ?8§%éh%?ﬁ§ﬁ?d§aa col um
vector of p Pdstates. 5 Once a state after a shift has been deternined,
the next state &ém ibe colunircvdcsdrasf presentstaigsiat i on (5): S(n+2) =G S(n+1). (6)
10 Substituting equation (5) into equation (10) then results into an
equation: S(n+2) = GGS(n) = &*S(n). (7) Further generalization of
equati o (11) yiHEs? shteaiten a shift has been dejermingd; dheynext state gpebe k is a
nunber expreaksiatgd asisgaygatior(Sphi ch an output is to be conputed. 20

Appl ying these principles to FIG 1, it is obvious that a value of a
certain register in next state S, (n+l) is a function of a value of the
precedi ng regi sSF+IRG*YurPent state S, -,(n), and - if a feedbfdk exists -
a value of the output register in current state SN(n). Consequently, the

) 4) W . - ffici [
hah of 1 neRtRE uttudt o I ¥inteatRIo) e AR g B B "t 1 o
a PN1 shift-register in accordance with FIG ib wll be devel oped as

fol l ows: QObser vispg2) LhtGisher-eG+g(d connecti on between stages &s and S,
and no feedback fromstage S15, 1t follows that the next state val ue of

S,, is equal to
Further generalization of equation (11) yields an equation:

15
S(n+k) = G*S(n), @®
where k is a number expressing a state, in which an output is to be computed.
20 Applying these principles to FIG. 1, it is obvious that a value of a certain

register in next state S{n+1) is a function of a value of the preceding register in
current state S ,(n), and — if a feedback exists - a value of the output register in
current state S (n). Consequently, the system of equations (4) will have at most
two non-zero coefficients in each of the equations (4a) through (4n).

25 As an example, the G matrix for a PN, shift-register in accordance with
FIG. 1b will be developed as follows:

Observing, that there is a connection beiween stages S,; and S,, and no

feedback from stage S, it follows that the next state value of S is equal to
previous state value of S,. Thus, equation (4a) will take a form:

30
S;s(n+1)=0-S,(n)+1-S,,(n) (9)
Consequently, the first row of matrix G will contain a non-zero element only in
a position g,.:
35
G, =[010000000000000} (10)

Equivalent relation will hold for all stages an input of which is an output
of another stage.



previ ous state value of S,,. Thus, equation (4a) will take a form 30, S13
(n + 1) ~yBoywew (N) + 1 S1l4 (n) (9) Consequently, theckigshifzaédW Of
matrix Gwll contain a non-zero element only in a position gl2: 35 G =
[ 010000000000000} (10) Equivalent relation will hold for all stages an

I nput of which is an output of another stage. WO 01/16699 PGI/ US00/ 23949
7 Turning to the next stage S,,, one can observe that its next state val ue

i |t ' f st S d_wi,th | t at
val ueof 5t aldrir8 B (6 BER, oSk 6, BnclhRbpcrv VRS plle g il OUS St ate
S14( n+1) enugh By previcus shte yalue of stage g & yithtehpreyimysstate yalueiof mat ri x G

w | contsﬁo%gs_ Mhits Ziie @qlatidrt §2b) wall elkenRifotm: @ position g21 and g23: 10 &
=[1 0000 0(500000] (13) Equivalent relation will hold between all stages

an input of which is sum of tputs of two stages. 15 Reference back to
FIG 3 will e&éﬁd’lbﬁ?t%%ﬂ:ﬁug‘épt s. State menory 212 is infiflalized to
an initial set of states S,(n), S2(n), . . ., S (n). These states are then

provi ded to an o enerator 214, and.a next state generajor 216. Next
state gen ?’5?8‘?“%’2%8%’?8‘? raw ok matpx g‘ﬁtwﬁﬁf?wﬁ“&a ‘f“%?‘ﬁ%‘i? {"ﬁmé( cor dance
with 20 telementiina@ipsisitionggyidridgd i n description of equations (4) and (5). In
the epgenpl ary enbodi ment, the generator polynom al has relatively few

f eedback taps and ly, the resultant matrix Gis s se. This
spar seness per(?ﬁTngﬁﬁrEEeqﬁaattltvbll y sinple inplenentation of thed[i trix

operation to be performed using fixed Bool ean operator programmed into a
field programmblvaldatelaibhawilltkold betHest qn%@a(greataa ﬁg,u%?w}ﬁa{ jsop specific
i ntegrated ci f eyl t ('ﬁ\lng)sta I;lext state generat 216 accepts the set of
st at 6185 Shuii bt %%?Hﬁs,o IWO'STagEEN( n)
Reference back to FIG. 3 will expand on these concepts. State memory
212 is initialized to an initial set of states S,(n), S,(n), . . ., S(n). These states are
then provided to an output generator 214, and a next state generator 216. Next
state generator 216 contains a coefficient matrix G,; formed in accordance with
20 the principles outlined in description of equations (4) and (5). In the exemplary
embodiment, the generator polynomial has relatively few feedback taps and,
consequently, the resultant matrix G is sparse. This sparseness permits a
relatively simple implementation of the matrix operation to be performed using
fixed Boolean operator programmed into a field programmable gate array or
25 designed into an application specific integrated circuit (ASIC).
Next state generator 216 accepts the set of states S,(n), S,(n), . . ., S,(n)
from memory 212 to compute a set of new states S (n+K), S,(n+K), . ., S (n+K)
in accordance with equation (12), and provides the set of new states back to the
state memory 212.
30 The output generator 214 performs a matrix operation on the current
states in accordance with a matrix G,; formed as follows. As explained in
description to FIG. 1a, the output of a shift-register is the state S(n). From
equation (8) follows that: '

35 S(n+0) = G*S(n), (13)
where G’ is a matrix having non-zero elements only in the main diagonal.

Inspecting the system of equations (4), it is obvious that value S (n) can be
calculated using equation (4a). This equation is equivalent to forming a row



fromnmenory 212 to conpute a set of new states S, (n+K), S2(n+K), . . ,

St,, (n+K) %ﬁ){lﬁﬁggdance with equation (12), and provides_the set of new
states back'to state menory 212. 30 The output gener BtBPS®2P4er or ns
a matrix operation on the current states in accordance with a matrix &
fornmed as follows. As explained in descriptionto FIG la, the output of a

2159kt R R o A B A S M S
the main di agedabf staten SHeRREDFoieala3sS, Q1)) Sn)L AU (9N Thédtlore] theifitsObVi OUS
et varent. T 16T ARAS 6o e 48 B B bae ST o8 b,

t aki ng t he ¢quaipn(@unihervaluepintl) can be calawldtech iyt fopmirigrraw misjria G dlyurm

matrix df stakingsth8 firstrowdof 4 amtialGiesartl aiultipPirgik by-a coluin mhtdix of

Therefore, the first row of a trix o becones the | ast row of matri x
Gos. Similatfles S ‘Biws, H gt ety P, el (o becomes tha last butope rewl oful at ed by

form ng a rmatrikeGrd x THis frgeess bakirming e fiatrit G psbntihues aRiilr dlKK@®¥ws, and
mul ti plyi ngadbtg11BY. Exﬁxﬁh]‘émtﬁ%ttéﬁﬁs:o‘c states S. Thus, the last row of a
e last

matri x GNS becones t ut one row of matrix G05. This process of

formng the matrix G, continues until all Krows are filled. In

mat hematical tefGf; |G« NSL 10 Gos = . (14) G NSL 0O GNSL where G $L is
| ast row of matfix GNS . Once matri x Gas has been forned, the output
generator 214 cpnpufes the 15 values SN(n+l), S,,,(n+2), .. , S,,(n+K) by
mul ti plw nngsr% -matf-ix GOS by a colum matrix of states S: SN(h + K) =

structure of sh

Gos - S(n) (15)%(;120 A |l ong-code out put generator 214 differs fromthe

where Gy is last row of matrix G¥,.

Once matrix G, has been formed, the output generator 214 computes the
15  values S(n+1), Sn+2), . ., S(n+K) by multiplying the matrix G, by a column

matrix of states S:
Sy(n+K)=G, - S(r) (15)
20 A long-code output generator 214 differs from the structure of short-

code output generator. The reason is that the long-code generator contains a

mask, which can be different for each long-code generator, see, "The cdma2000

ITU-R RTT Candidate Submission” and FIG. 1d. The PN output bit of the long

code is 2 modulo-2 addition of values of the shift registers multiplied by the
25 mask. The output bit can be expressed in matrix notation as follows:

pho(n) = M*S(n), (16)

where:
30  pn,(n)is an output bit in a state 7, and
M is a column mask matrix.
Substituting equation (8) into equation (16) results in:

Pho(n+k) = M*G**S(n) (17)



code out put generator. The reason is that the |ong-code generator contains:-
a mask, wWodheean be different for each | ong-code genernyfisoe 388 " The
cdma2000 | TU- R RTT Candi date Subm ssgon” and FIG 1d. The PN output bit of
the long code is a nodul o-2 addition of values of the shift registers
mul tiplied by the 25 mask. The output bit can be expressed in matrix
notation as follows: Pn,,,rr(n) = MS(n), (16) where: 30 pn0 (n) is an

output bit in . i ituting
equation (8) 1§"r ﬁ{é Sa OﬂﬁfioéWsetgg gél}tgr?ﬂbﬁﬁgk? F%rl ﬁ%rﬂﬁ%(béé( (17)
Wool/166913‘-’-1I'(11?l formipeg Mot Gea equat i on (10) fol | ows that desired out put
of K+1 parallel bits can be achieved by formng matrix GosL M GNSL 5 GosL
(18) M GNSL 1and, once matri x GosL has been fornmed, the output
generator 214 %es t he val ues pn(n), pn(n+l),.. , pn(n+K) by
multiplying the matrijx Go,L by a colum matrix of states S: 10 pn(n + K)
GOSL .5 S(g).  (CU9) At tihis point of the process the set of (ggjates, S, (n+K),
SZ(n+I<§ St1lS, , (n+df is provided to an output generator 214, a next
stat e generat M3 ¢t {fand the 15 whole cycle is repeated. In particular,
bet us consi destge C: matrix for a PNL shift-register to be the basic next
state generat mat'tix G,,s,: 010000000000000 101000000000000
000100000000000 000010000000000 000001000000000

and, once matrix G,; has been formed, the output generator 214
computes the values pn(n), pr(n+1), . . , pn(n+K) by multiplying the matrix G,
by a column matrix of states S:

10
pn(n+K) =G, - S(n) (19)

At this point of the process the set of states, S,(n+K), 5,(n+K), . ., S (n+K)
is provided to an output generator 214, a next state generator 216, and the

15  whole cycle is repeated.

In particular, let us consider the G matrix for a PN, shift-register to be the
basic next state generator matrix Gy

[010000000000000 |
101000000000000
000100000000000
000010000000000
000001000000000
100000100000000
100000010000000
G s, = | 100000001000000
000000000100000
100000000010000
000000000001000
000000000000100
000000000000010
000000000000001
20 | 100000000000000 |




100000100000000 100000010000000 Gxv, = 100000001000000 000000000100000
100000000010000  000000000001000 000000000000100 000000000000010

00000000000888¥168° 100000000000000 WO 01/ 16699 PCT/ USOQ 2BCRIUS0023949 Nt r i X
Go is as follows: NSI 100000000000000'® 010000000000000 001000000000000

000100000000000 000010000000000 000001000000000 000000100000000 G'VO =
000000010000000 000000001000000 000000000100000 000000000010000
000000000001000 ©00000000000100 000000000000010 000000000000001 5
Taki ng t he MaH&tGysolf asollaWs i x G vs1 and last row of matrix G,, the matrix
G is forned as follows: _ 010000000000000

[100000000000000 ]
010000000000000
001000000000000
000100000000000
000010000000000
000001000000000
000000100000000
Gz = 000000010000000
000000001000000
000000000100000
000000000010000
000000000001000
000000000000100
000000000000010
| 0000000000001

Taking the first row of matrix Gyg and last row of matrix G, the matrix G,
is formed as follows:

010000000000000
o512 = | 160000000000000

10
One ordinarily skilled in the art will recognize that matrix G,, can be
modified according to desired PN generator output, without departing from
the scope of the invention. For example, if a parallel output S.(n), S (n+2),
5.n+4), and S(n+6) is desired, matrix G,, will comprise in accordance with
15  equation (14) first row of Gy in row one, first row of Gj in row two, first row

of Gjs in row three, and first row of G2 in row four.

FIG. 4 depicts a block diagram of a preferred embodiment of the parallel

PN generator. In addition to the state memory 212, the output generator 214,

20  and a next state generator 216, it contains a jump generator 218 and a control
processor 220. The function of the jump generator 218 is to advance the state by
predetermined number of shifts. Such a function is desirable e.g., for forward

link acquisition as described in aforementioned U.S. Patent Nos. 5,644,591 and
5,805,648. In the exemplary embodiment, the PN generator is employed in a



&2 100000000000000 10 One ordinarily skilled in the art wll recognize

that matryg an be nodified according to desired PN-gRS ﬁ,?zgg.gr out put,
wi t hout d\géaoﬁﬁ%% from the scope ofqifihe invention. For exanple, if a

parallel output S,,,(n), SN(n+2), SN(n+4) and SN(n+6) is desired, matrix
Gos will conprise in accordance with 15 equation (14) first row of G' in
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irst row o in.ro i.agram of a preferre
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212, the Riutgpneragcarnwn&rtanphazsmffsetzo 1a¢rdnuntse;ft64§hmséoge pertiqudar pilog, it

- cont ai ns eﬂﬂ i&n {%@n@ra‘t’&@ls% flﬁ{c%ﬁm;eé laagleniftaﬁnéwnct ion of
the j ;é%ﬂerato tth& ? ance. t he Ste?% bty e d nunber of
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descri bechccordafice wmhﬂmegmnhplbsﬁautﬁaeém dm:;lptlén@eﬁﬂGgla,amd raf5e806, 648. | n

t he exe ment, the PN generator is enployed in a WO 01/ 16699
PCT/ Usog%g?ébfeg?g&% ecei ver in _accqQrdance to,an I%’&?é ndar he systens
S

desi gned in Mﬁ%ﬁ&é“%‘f‘ﬁ 23# reeeiyes e ptiaf sfates ase' i ons
utilizi ngframcmemoany 222 agyehgemdrates arbéthofang ataten Si(ae64); B, (hred)ement s of 64

chi ps;g Of%gr\fqazﬁ %Hé&a?ﬂee' With éiéﬁﬂeh (sf%a QitidsYehe tSBE oF W fERe! ator 218

is funct| equi va ener at Qr int

conpri sesbaé 4@ BremeLy A2 FF9?° 8r PRYIRgA s ara%gwaﬁggewrﬁwr%g

princi pl emd)ut]hmpegemeraﬂnszw jst thah infgeRkfdl K& L andds edrsequerdly, tthe power of
64. Next ﬁ%&fe@s @enﬁ{cf‘kp ?%'N@&e&ﬂﬁeéﬁﬁo@ t Q&t%('éiﬁlogﬁg( n),

., SN(n) era of new._stat es n+64
S2(n+64) , preferably lyuolgnepw em) hRrvATE AR Wi spEGIGE | apRTRtIoR 2adq pr ovi des

the st «desigheddd pedorhacdpetifictaskory 212. The reason for having a separate
next state generator 216 and a junp generator 218 is that in general K *
matri ces G  are As descri bed

L, and, consequently, th .fferent. A

above, the pr&é“@némm% |%CP%tr°]pP@c§sr585 0 jis i SoRH %t"‘@d ROPEFRHORr e adapt ed
to the spimWéémﬂrqthfathaubaydten%aﬂémmltbmtqufmrAadquabed,lthetask The
f“nCt'Ons‘?\folt&ﬂeWEéc@.{enQéﬂ%r% erioilof 2° deeftRigidlhEmBROBRA HonPn  bet ween

the di({ f etE'Lgrrr]lt denve Srglatnces,agne%e}‘ateco ;rrsoeI uerllctes Swt " nrgod Aps d?scrrhbed the
control processor 200 monitors the output of the next state generator 216 for the
state preceding the state corresponding to a period 2 -1, for which a
computation of next state according to equation (8) would exceed the state
corresponding to a period 2" —1. Once the control processor 200 detects such
25 state it performs two operations. It will cause the output generator 214 to
compute the output state values, and overwrites the last output state value with
‘0’. Tt will then avoid writing the output of the next state generator 216 into
state memory 212, and will initialize the state memory 212 to initial set of states
S,(n), S,(n), . . ., Sy(m).
30
FIG. 5 depicts a simplified block diagram of an exemplary receiver chain
using PN generators in accordance with the invention. The RF signal arriving
at the antenna 400 is provided to the receiver (RCVR) 402, which downconverts
the received signal to a baseband frequency, producing I and Q components of
35 the signal. These components are simultaneously provided to a searcher 404
and demodulators 406a, . . ., 406¢c. The task of the searcher 404 is to perform
searches in code space to identify candidate signals to be added to the Active
Set of the remote station in order to maximize the quality of the received signal.
To accomplish this task, searcher 404 will control parameters of the PN



short code PN sequences have a period of 215 generating polynom als, and

from20 th I.ved matrices, generate only sequences w 215 -1.
The contrgvl‘;bgrocessor 200 nonitors thﬁ out put of the neééé‘?sg@g ener at or
216 for the state preceding the state correspond| ng to a period 215 -1,
for which a conputation of next state accordi ng to equation (8) would

exceed the sldbfces @ﬁi&@%ﬁ%&%%&&&b& tp V\K})r%kgrﬁ%%ﬁﬂﬁﬁatfépl .
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descri bgd ifirtHer Sidcedsthg t8latietiRRleh (1O 2'dnd debGd24.NOS. 5, 644, 591 and
5,805,648 5 In order to be effective, a receiver nmust be able to operate in

a rnultipath environnent and nust be able to adapt to changes in physical
| ocation. In thEIGeﬁﬂluetreﬂesithﬁmmplﬁyd?ab@dlmewbeft}ﬁrééhiv&(hhtmnﬁeMlOQ 390,

a method f qhe eesahpirtveﬂaoﬁ hene g tis%cate&utthehﬁawm 3 @a%gna' s

descri bed. Dem)d enodul a n ant verS| ons

of the samd*FO'&i iﬂéog‘%“r‘:&wﬁﬁd’ﬁ? g?/&fqg‘(r?%we’ét?'t AP E‘Sﬁ'r z
nul ti p@0h paoples cmeewe;t signal, gnd| priowizles adigitalgiaenpdesu toc buffer mz:mhmul tiple
transm ssi Qaponbe td18ighaAB¥rom control processor 403, a selected set of samples from

buffer 404 are provided to despreader 408. In addition, in response to a signal

from control processor 403, PN generator 406 provides a portion of a PN

sequence to depreader 408.

25 Despreader 408 despreads the signal in accordance with the portion of
the PN sequence provided by PN generator 406 which operates in accordance
with the present invention. Within despreader 408 the PN sequence is
provided to pilot despreader 412, which despreads the received signal in
accordance with the portion of the short PN sequence provided by PN

30  generator 406 and the Walsh covering sequence for the pilot signal. In the
exemplary embodiment, the pilot signal is covered with the Walsh zero
sequence and as such does not effect the despreading operation performed by
pilot despreader 412. In addition, the portion of the short PN sequence is
provided to traffic despreader 414, which despreads the signal in accordance

35  with the short PN sequence and the Walsh traffic covering sequence W..

The result of the despreading operation performed by pilot despreader
412 and the result of the despreading operation performed by traffic despreader
414 are provided to dot product circuit 414. The pilot signal has known
symbols and can be used to remove the phase ambiguities introduced by the



information fromnultiple base stations in a soft handoff condition. The

denodul at 5\9\%’3I s from denodul ators 406a, . . ., 406c ided to
conbi ner \iﬁ{;ﬁi i ch combines the sigpals and provides tﬁg{r‘{]ﬁ?og?sg¥5 further
processing to a de-interleaver 412 and decoder 414. FIG 6 illustrates the

exenpl ary enbodi nent of the receiver structure of the present invention.
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whi ch desprea - SJ in accordance 35 with the short PN sequence and
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pr opagat i aatvaped sleftrmaltiplyingphée RN sequence S(n) by the matrix G,

101000000000000
010100000000000
000010000000000
000001000000000
100000100000000
110000010000000
110000001000000
G 51, = | 010000000100000
100000000010000
010000000001000
000000000000100
000000000000010
000000000000001
100000000000000
010000000000000 |




environment. I n accordance with an exenpl ary denodul ati on chai n enbodi nent,
and previ QuyefssoUssi on follows that a first set of mat picgRBedBedbequi r ed

for the short- code PN generator for tjae | conponent 516, a second set for
t he short-code PN 10 generator for the Q conponent 518, and a third set for
the | ong-code PN generator 504. 1. Acquisition node. In the exenplary

enbodi ment Intthe gefie@tivRIofl the 3hbf P Oseqabhdd, ¥tatke niinfbripe21215rovides thé chi ps
ahead in the PNBSG ue %e order FP er.forma c rrgg on [OCess to
det er nine (HEERLFAL 9t 1 PN sequgice SEYP R Seeraion 218, b ghistalon] o
portion of 28egeppratesgthenstete ph theh@Ngeequencd S+ sbtp-folnn(G4) Ryclesdnguence,

state MENDrivéde wm&iﬂeﬁiplx\}ghg 25PN 88quetkeb @) BY thdmaldk ggguence S(n) to
next state generator 216. xt state "20 generator 216 geherates the state

of the PN sequence S(n+2) two cycles in advance by left nultiplying the PN

sequence S(n) by the [d@IHIQL 01101000000000000 010100000000000
000010000000000 000210 PPRIOGS0} 100000100000000 110000010000000
110000001000000 GNSI 2%8@%@8@8100000 100000000010000 010000000001000
000000000000100 000d 000000000000001 100000000000000
010000000000000 wo 01 08@¥OO1000AVIOSOOR3949 14 In the generation of the
short PNl sequence, bg@@om@jg@mlaﬂz provides the current state of the PN
sequence S(n) to juni 0886686&58600%8' Junp gener at or

101011010010101

G g6 =} 011110111101111

000100001010010

000010000101001

101010010110001

110101001011000

011010100101100

101101610010110

| 010110101001011 |

In the generation of the short PN, sequence, the next state generator 216

or the jump generator 218 provides the current state of the PN sequence S(n) to

10 output generator 214. Output generator 214 computes the values S (n+1),

Sy(n+2), . ., Sy(n+K) left-multiplying a column matrix of states S(n) by the
matrix G,g

010000000000000]

15 Cosrz =[mooooooooooooo

The short-code PN generator for the Q component 518 uses an algorithm
for PN sequence generation, identical to the one for the acquisition mode.
Consequently, the set of matrices as well as their application is identical.

20



218 generates the state of the PN sequence S(n+2) sixty-four (64) cycles in
advance byologhdsogul ti plyi ng the PN sequence S(n) by the pgipigsdoesssdm . 5
101011010100101 010101101010010 001®L01100001100 000000110000110
000000011000011 000000001100001 101011010010101 0,S16 = 011110111101111
000100001010010 000010000101001 101010010110001 110101001011000
011010100101100 10gb@asvdO000RE 010110101001011 In the generation of the
short PNl sequence, AP e generator 216 or the junp generator 218
provi des the curren e PN sequence S(n) to 10 output generat or
214. CQut put gener at es the values SN(n+l), SN(n+2), .. ,

S, ,(n+K) left rrultiglm(bmgo@()ogomomn matrix of states S(n) by the matrix G
010000000000000 15 0000000000 The short-code PN generator for
t he Q conponent 518 rithm for PN sequence generati on,

identical to the on isition node. Consequently, the set of
matrices as well as ation is identical. 20 WD 01/ 16699

0
PCT/ USO0/ 23949G~s;}25= 188&0%88&%88&)0 00 100100000000000 110010000000000

[100011001011100 ]
010001100101110
001000110010111
000111010010111
100000100010111
110011011010111
011001101101011
G 1506 =| 101100110110101
110110011011010
011000000110001
101111001000100
110100101111110
011001011100011
001100101110001
 000110010111000

010000000000000
Gosz = | 00000000000000

In the generation of the long-code PN sequence, state memory 212
10  provides the current state of the PN sequence S(n) to next state generator 216.




1:10001000000000 010000100000000 000000010000000 000000001000000 GNSQ2 =
1000000001088)%8/‘6 0000000010000 110000000001000 11000000000@100
01000000000 0000000000001 100 000000000 010000

100011001011100 010001100101110 001000110010111" -000111010010111
100000100010111 110011011010111 011001101101011 (JSQ = 101100110110101

D12003011 Jougi sl 2HpAge 210 m@e%%@%%%?%%%N%%@%%%é%%%é%%ooo
QIR = 1 |W°ile|§é“ag %’Vi‘?lfflm“ 80&}5 2\% alixGaurenory 212

10 provides the current state of the PN sequence S( n) to next state
generator 216. WD 01/16699 PCT/ USQOQ 23949 16



aniys e 3

Next state generator 216 generates the state of the PN sequence S(n+2) two.
by left multiplying the PN sequence SparuSionidde matri x

cycl es i Ry@giene

0001000000000000000
0000100000000000000
0000010000000000000t
| 00000000000000000(
100000010000000000(
010000001000000000(
010000000010000000(
100000000001000000¢
00000000000001000 (
100000000000000100(¢
110000000000000010¢
110000000000000001(
01000000000000000030
000000000000000000¢
100000000000000000(
110000000000000000¢
G'SL2 10000000004
110000000000000000(
110000000000000000(¢
010000000000000000¢
000000000000000000(¢
000000000000000000(
000000000000000000¢

Gz =

e e e s AN IR

gwmmmmmm

g 000 0000000000
)| i,
000 1000000000

WO 01/ 16699 PCT/ USOQ 23949 17/ 00100000000000000000
00000000000000000000000
00000000000000000000000

1 0000000000000000

[00000000000000000

80000000 100000000000

010000000000000000100000000600000000000000
000000000000000000010000000000000000000000
100000000000000000001000000000000000000000
110000000000000000000100000000000000000000
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identical to the one for the acquisition node. Consequently, the set of
matrices as well as their application is identical. The short-code PN
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identical to the one for the acquisition mode. Consequently, the set of matrices
as well as their application is identical.
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preferred embodiefFEEYIguS wagnqf the prefered AruRmERts R RIPEdeR for he ar t
to make or enabletdngy perssreskillédirethieiashto Mhke owesd theprasedit ficeatioondheo t hese
embodi ment .sva\ﬂo'u% nl?@d'fi&ﬁ'ngf RR3 SBodiRehB v b%féﬁﬂh&%? hitnt 6 tRéde; and the
generic principfes derined per el n.nmay be applied to, °o Rer enbodi ment s

wi t hout Bt heskilled iprthe aet, and dhe BoRericauupdRles , b?rsmpméé,’gmapﬂ dRtion is
not i nt endesihérCeniodim@htsedithoutithe veerbptherinvérttivetfacuityh eTlais) theupresent t o be

foatures dnSrdieash noeaRendeRIo R ERierdlo e ERBrBImAS Midion RERIEDHES |
CLAI MED | S:to|be meqorded |the |widest; scope1consistent) with fhe pinciples, andnar¥elus f or

gener at i ng feathbdslistided heftfin.@ pseudonoi se sequence 2 with each clock pul se
by corrpltéti ng the bits in parallel, conprising: a) a state nenory;




4 b) a next state generator conmunicatively connected with said state
menory; amooefy16699 an out put generator conmunicatively copoeoswdssanth said
state menory and said next state gei¥erator. 2. The apparatus of claim1l
wherein said state menory has been configured 2 to hold: a) a set of
initial values of states; and 4 b) a set of values of states generated by

sai d nextwmksgbﬂémlaisor a junp generat jil tus of claim
1 wherein said set of initial values of stat Iﬂlﬂummumm

coefficients of a generating polynomal. 2 4. THé a ppafat bis ’bf claim3
wherein said generating polynomal is: P, (x)=x15+x13+X4+X8+x7+x5+i 2 5.
The apparatus of claim3 wherein said generating pol ynom al is: PQLx) = X15
+X12 +X11 +X10 +X6 +X5 +X4 +X3+1 2 6. §g pa{Fat us claim 3 wherein said
generati g pofAhaRPaRtyssior igerprating my: b@so X PEEUSONOISE, SHUERSE +X27 +X21
+X19 2X18wﬂﬁ<éa7ch4d6:ﬁ: pulse Byl gompriting hiothiterin pathtel tombrisit@: 01/ 16699 PCTI 1JS8
0/ 23949 40 2 s of claiml wherein said next state generator
has been con? gure%t ?eoﬂ% " accept one set of values of states; b)

gener 4t e anot Bbr st newsstatg generager weglcatlwly@np%e@@{l@m@]é@fe 6 nunber
of cl ocksnaperfy; ahdom current state by nmul tiplying said accepted val ues by

a nexk step rix,; t:]gq f states
to salkd marm?@t and™ %ﬂg)dﬁ(%e}l {tggenera 6%"&%8{3 gégp%gtpa lkfgg%lteocl aim?7

wher ei n $@gnaowy; angt aﬂiée’ﬂétﬁﬁﬁmﬂé’atoﬁunber of clocks is two and said next

step matrix Gis: 101000000000000 010100000000000 000010000000000

2. The apparatus of claim 1 wherein said state memory has been configured
2 tohold:
a) a set of initial values of states; and
4 b) a set of values of states generated by said next state generator or a

jump generator.

2 3 The apparatus of claim 1 wherein said set of initial values. of states
~ comprises:

4 a) coefficients of a generating polynomial.

2 4. The apparatus of claim 3 wherein said generating polynomial is:

P(x)=x"+x"+x+x+x" +x° +1

2 5. The apparatus of claim 3 wherein said generating polynomial is:
Py(x)=x"+x? +x" + 2"+ x° +x° + x* +x°+1

2 6 The apparatus of claim 3 wherein said generating polynomial is:
PO =x2+x® +x2 + x4+ 27 + x84+ 2P +x? + x4 2+ 2 X+

4 (1) +xC+x" +x%+x° +x +x P +x+1.




000001000000000 100000100000000 110000010000000 110000001000000 G'al2 =
010000000100000 100000000010000 010000000001000 000000000000100
0000000000082 8166880000000000001 10000Q000000000 4 0100086EXEHEIMS 2 o.
The apparatus of claim7 wherein said first pre-determ ned nunber of docks
Is two and said next step matrix Gis: | 111G If00L00Elr 1l 11l t Ms WO

01/ 16699, PCH/ US 1 . 0010G0 0
1100 1000%0(%7_000Gﬁi“z%gé%ﬁg%o%fog%gqo%gg‘%?%g%oé%g(o&:&go%%‘gg%%%%é’ﬁ‘én
0000000010060R#EWSsY4RP = 100000000100000 110000000010000 110000000001000
110000008000100 a)01002660@A68&1H vaReeBASAREN00001  100000000000000 4

010000000000000 @ ml)g-rge}){Px%t@Bﬂé‘ﬁ@ Wt BF vahih B st¥IE " kit St Ueferkiihsd

pre-determ ned_n . R
6 number of clocks apart from current state by multiplying said accepted values

by a next step matrix; and
8 c) provide said another set of values of states to said memory and
said output generator.

2 8 The apparatus of claim 7 wherein said first pre-determined number of
clocks is two and said next step matrix G, is:

[ 101000000000000 |
010100000000000
000010000000000
000001000000000
100000100000000
110000010000000
110000001000000
G, =| 010000000100000
100000000010000
010000000001000
000000000000100
000000000000010
000000000000001
100000000000000
4 | 010000000000000 |

2 9 The apparatus of claim 7 wherein said first pre-determined number of
clocks is two and said next step matrix G, is:

L



clocks is eight and said next step matrix GNSIB is: 4 010010101000000

0010010100GMésee 110110000010000 111011000001000 O111@&FRI6HA39490
101110110000010 000101110000001 GNS4B= 010000010000000 011010100000000
001101010000000 010100000000000 101010000000000 010101000000000
001010100000000 100101010000000 2 11. The apparatus of claim 7 wherein

said a first pre-def@1000080000000Fr of cl ocks.is eight and said next step
11111 1l ~PL CL MS WO01/ 16699

matrix GNP is: 1111{;bd:adobbd Il
PCT/ US00123949 42 jf%ﬂdf%%d%gooaoo 010111100100 000 f | ~I11 1111111 IN
11111 INC L M 101p199H§8900860° D11010110001000 - 000010010000100
001110000000010 10(100EIOOC®OO00L| G SQ® = 110011100000000 111001110000000

010011110000000 010000100000000
000000010000000
000000001000000
Grsp; = | 100000000100000
110000000010000
110000000001000
110000000000100
010000000000010
000000000000001
100000000000000
4 010000000000000

2 10. The apparatus of claim 7 wherein said a first pre-détermined number of
clocks is eight and said next step matrix G, is:

4
[010010101000000]

001001010100000
110110000010000
111011000001000
011101100000100
101110110000010
000101110000001
Gpgs = | 010000010000000
011010100000000
001101010000000
010100000000000
101010000000000
010101000000000
001010100000000
100101010000000

2 11. The apparatus of claim 7 wherein said a first pre-determined number of
clocks is eight and said next step matrix Gy, is:

* [+ L M S *




000110210000000 101100010000000 111001000000000 111100100000000 4
011110010000000 2 12. The apparatus of claim 1 wherein said output
generat or hXQ YO configured to: 4 a%z one set of val uesPo¥v &%. and b)
generate multiple output bits in paraltel by nultiplying said 6 accepted
val ues by an output state matrix. 2 13. The apparatus of claim 12 wherein

said nultiple is two i put state matrix G is: 4 _
1010000000000000 G)Eﬁgﬁ—ﬁ%ge@%q 00000000 2 14.- The||MmEs Hﬂlﬁumumw m 12
wherein said nultipl g018111W0180@003ai d out put state ' VGOERISIRSAL TS
010000000000000  Gos44pi1} L0968 J0000000 WO 01/ 16699 43 PCT/ USQO 23949 2
15. The apparatus of |cl al éﬂ% whenein said nmultiple is eight and said
output state matrix é&kh%ﬂ 00J00090101010000000  001010100000000
010101000000000 1010D0CWOOIDOOIMOEOSrs - 010100000000000 101000000000000
010000000000000 1oocq,gpﬂ§@&gggfgo 2 16. The apparatus of claim 12 wherein
t and said

said nultiple is eigh oyt put state matrix Gis:
100111000000001

Gsgs = | 110011100000000
111001110000000
010011110000000
000110110000000
101100010000000
111001000000000
111100100000000
4 011110010000000

2 12. The apparatus of claim 1 wherein said output generator has been
configured to:
4 a) one set of values of states; and
b) generate multiple output bits in parallel by multiplying said
6 accepted values by an output state matrix.

2 13. The apparatus of claim 12 wherein said multiple is two and said output
state matrix G, is:

100000000000000

010000000000000
Gas‘zz =[ ]

2 14. The apparatus of claim 12 wherein said multiple is two and said output
state matrix G, is:

6. [010000000000000
%22 | 100000000000000



OSM 4 011110010000000 111100100000000 111001000000000 110010000000000 -

GSo 10010Q8Q97966$00 001000000000000 010000000000000 é,_ 000000000 2
17. The apparatus of claim1 furtherggonprising a junp %&8%8‘%’?‘.’ 2 18. The

apparatus of claim 17 wherein said junp generator has been configured to:
4 a) accept one set of values of states; b) generate values of states a

secon@ pris: deThe apperhtisipindainol2 whetdin ekid rafRiple fs'cHERtGENT R oﬁ%ﬁ:rt ;9 by -
C) provide

mul ti plyi ' cqpted values by a junp sfate natrix; and
said val Sghgegﬁkég%%g&to said nenory and said output generator. 111111l
LCLTTATITI T an il * C L S WD 01116699 PCTI USOQ 23949 44 2 19. The

appar atus of cl ai [ ®101EP00008hi d second pre-determ ned number is
si xty-four and sai flggiolih e matrix G,, is: 101011010100101
010101101010010 O)gOOllO 01100 000000110000110- 000000011000011
000000001100001 1991919 | G,S164 = 011110111101111
101010000000000
010100000000000
101000000000000
010000000000000 _
| 100000000000000 | |

Gogig =

2 16.  The apparatus of claim 12 wherein said multiple is eight and said output
state matrix G is: :

[011110010000000]
111100100000000
111001000000000
G 110010000000000
%528 | 100100000000000
001000000000000
010000000000000
100000000000000

2 17. Theapparatus of claim 1 further comprising a jump generator.

2 18 The apparatus of claim 17 wherein said jump generator has been
configured to:
4 a) accept one set of values of states;
b) generate values of states a second pre-determined number of
6 clocks apart from current state by multiplying said accepted values by a jump

state matrix; and
8 ¢}  provide said values of states to said memory and said output
generator. '

* C L ] S *




000100001010010 00010010101001 101010010110001 110101001011000
011010100104,4,30166dg°1101010010110 4 010110101001011 20. Thecpipasdke's of
claim 18 wherein said second pre-detergqg ned nunber 2 is sixty-four and
said junp state matrix G, is: 10001 100101 1 100 010011 100101 1 10
001000110010111 000111010010111 100000100010111 110011011010111
01100110110%011 Thé ratusl Of LA 18 WHet€ih saidlsetaAd pidddtefriined ikGOF00110011

1011110010Q0 AN 011100024, 011 10101 1 100)1
Ry £ andl e e Site i g

00011001011 Cai ' 1 further comprising a
controller. CL - - _[10Te:i6 610810l WO 01/ 16699 PCT/ US00/ 23949 45 22. The

apparatus of claim 21 0:081801018@I06] control |l er has been configured to 2
nonitor output bits' %O&gi §bod state. generator for a pre-determ ned
conmbi nati on, and when| sal li)r e??eot erm ned conbi nati on has been reached to:
4 a) overwite an app/i989Q03{@0B8L%ut bit value with a value of '0'; b) void
writing val ues of staj[(meo(@enmoamlac by said next state

000000001100001
101011010010101
G g =|011110111101111
000100001010010
000010000101001
101010010110001
11010100t011000
011010100101100
101101010010110
4 | 010110101001011

20. The apparatus of claim 18 wherein said second pre-determined number
2 issixty-four and said jump state matrix G, is:

100011001011100
010001100101110
001000110010111
000111010010111
100000100010111
110011011010111
011001101101011
Gsps =|101100110110101
110110011011010
011000000110001
101111001000100
110100101111110
011001011100011
001100101110001
1 000110010111000 |

21.  The apparatus of claim 1 further comprising a controller.

R R Y



6 generator to said state nmenory; and c) instruct said state nmenory t-o
provi de awo®l/nghe I Nitial values of 8 states to said ne RsidBeggener at or .
23. A pseudonoi se (PN) sequence generatgg conprising: 2 a) state nmenory for
storing at | east one state of a PN generator polynomal; 4 b) next state
generator for receiving said at | east one state of said PN generator

pol ynom al and for generating a second state of sai.d PN generator 6

pol ynom al by peqmi;afg,g&tas ?P&l&ﬁﬁ‘z@%&?&ﬁ ?ﬂd%ﬁﬂoﬁ&l a e eFeasb%%rg st at e of

sai d PN %gner ator ener ?ng sai d
at | east nemQ{“é‘?re sPRIf %e‘ﬂ%o?"aﬁﬂalaﬁﬁéﬁf@l foanal prerdefemeinedi ng at
| east one PNoswrnations andwieh sajd preCddenhinedcoibmativhiHa b@&?féi&hé&‘td-‘pon sai d

at | east gone state of a par atus of
Cl ai m 23 wher ei nta§a| dog gggpggﬁgéééﬁgguﬁﬂlt q?‘;%ué‘fvﬁ% 'f‘?? én conponent
state of a PN sh&t c¥eid writingnea a%&faﬁta?%gemratedm by whidr elext skite at -
| east oné stgeheratamnepishiskstateliRemdry; ahdy two conponent state of a PN | ong

code. 26. The appqr at 3 rei gener at or, nom al (P)
is: 2 P, (x) x15?-213+ +xs+%§x%%-t% %% °£§8¥%§t%§%9 %Igewq rein
sai d gendr atsttesioispicong x4ptateggnerator.2 PQ(x) =x1S+x12. +x11 +x 0+X6+X5+x4+x3+1
28. The apparatus of Claim23 wherein said generator polynomal (P) is: 2

P( X) =X42+XI X33 K 5+X2- +XZ1 +X19+X18+X 7+X16+ (1) +x10 +x7
+X6 +x5 +x3§§ ﬁﬁ%“éﬁ\zf? ?ﬁﬁﬁz APPRGE AERPrafon GOMRISings 111111 WO 01/ 16699
PCT/ 1J 506123949 aje sfateTremaspdontstering atiledsoz@ sthter of n BNi geneeator st at e
generator c al;2 the state of PN sequeft& generator two clock cycles

e S 2 Dot B o BBl e ALSRISEPSE B 1
generator polynomial and for generating a second state of said PN generator :
6 polynomial by performing a matrix operation upon sa1d at least one state of
said PN generator polynomial; and
8 ) output generator for receiving said at least one state of said PN
generator polynomial and for generating at least one PN sequence output by
10  performing a matrix operation upon said at least one state of said PN generator

polynomial.

24.  The apparatus of Claim 23 wherein said at least one state comprises the
2 fifteen component state of a PN short code.

25.  The apparatus of Claim 23 wherein said at least one state comprises the
2 forty two component state of a PN long code.

26.  The apparatus of Claim 23 wherein said generator polynomial (P,) is:
2 P(x)=x"+x"+x"+x* +x" +x° +1

27.  The apparatus of C1a1m 23 wherein said generator polynomial (P,) is:
2 Py(x)=x" +x"+x" +x"0 +x% 4+ x° +x* +x7+1

28.  The apparatus of Claim 23 wherein said generator polynomial (P) is:
2 P =x2 4 x4 xB x4 x4 3P x4 4 xS T 6

(1) +x+x"+x5+x  + X +x% +x+1.

—_—
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(000010000000000 000001000000000 100000100000000 110000010000000
1100000010 VSl 2 = 010000000100000 10000000001000 %‘8%%8,9@9;)0001000
00000000008%@38l 0000000000010 000000000000001 10000085 00 4
010000000000000J. 30. The apparatus of,.Claim23 wherein said next state
generator perforns 2 said matrix oper4gt|on I n accordance with the matrix

GNSQ2: 00 1@@000% ﬁ%atd@@ﬂ@%ﬂmﬁ@ﬁm &&a&&&eeﬁ%%@@eawi 160160000000

110000000018688" 4B EHRBE E00 1 FHRGIIBIIO0T Ao UGN OB A00000010

1100000 Deigte
ooooooooooaeﬁnnaummmwmnm‘@ﬁbmmmﬂ@ L WO 01/ 16699
PCT/ US00/ 23949 47 3T 0100e00@ppoooai us of C aim 23 wherein said. output

gener at or COI’TpUt es t r610100000000000
000010000000000
000001000000000
100000100000000
110000010000000
110000001000000
G52 = | 010000000100000
100000000010000
010000000001000
000000000000100
000000000000010
000000000000001
100000000000000
4 | 010000000000000 |

30. The apparatus of Claim 23 wherein said next state generator performs
2  said matrix operation in accordance with the matrix GNSQ2:
001600000000000
100100000000000
110010000000000
110001000000000
010000100000000
000000010000000
000000001000000
G g2 =|100000000100000
110000000010000
110000000001000
110000000000100
010000000000010
000000000000001
100000000000000
010000000000000 |,
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2 next two outputs of said PN sequence generator and perforns said matrix
oper at i ORygd §1/136980r dance with the matrix GOSI 2: 4 101000;@,%}% Gosra =
100000000000000 32.  The apparatus of Cl aim 23 wherein said gener at or
programmed into 2 an ASIC. 33. Theggpparatus of Caim 23 wherein said PN
generator programmed into 2 a fieléprograrrmable gate array. 34 A nethod
f or geneBht i nGherapparphs dfl@lalmDBamhm-enckatd)oaq)mfgqnm wm;butthIQaCh cl ock

Cor B, BN Ba Ol of Yald T sBRfclcp GueneliBP ph SO fidMofl, 1)
generat|ﬁgergtlgggbﬁ@ogéqncgml%&@égaw akZes by a next state generator,

sai d 4econd set being derived fromsaid at | east one set; and 6 c)

generating a set O[OI‘OUQGUODO(WOD%' n parallel by an output generator, said

set of output Gagt=3 Wp&ﬁow fromsaid at |east one set of values of 8
states. 35. The ne 34, wherein the step of storing at |east

one set of 2 val ues of stat es conprises the steps of. a) holding a set of

initial set of val,ues of states.
from sai nex %aﬂ% genera 0?3 g%‘e&% ‘qu’lﬁ%%}‘g%# (ROgFAmBEd IR0 " ot hod of

cl ai B4, aASIGi n the step of generating a second set of 2 values of states
conprises the step of. a) multiplying said at | east one set of val ues of

states by, a t.r] 7. .The claim 34, erein the
step of %ener rP?a%‘% 0 a"o“u?%w er%“ﬁ?@ﬁﬁeﬁﬁrfgqupépgmfl% the step
of : a3 nwfig ldmrygf?gn@a gate amaBt one set of values of states by an out put
4 state matrix. ~ el el ~~1211 Till C WD 01116699

PCT/ US0042394 1 &Rod for generating multiple bits of a pseudonoise sequence with

2 each clock pulse by computing the bits in parallel, comprising the steps of:
a) storing at least one set of values of states in a state memory;

4 b) generating a second set of values of states by a next state
generator, said second set being derived from said at leaet one set; and

6 c) generating a set of output bits in parallel by an output generator,
said set of output bits being derived from said at least one set of values of

8 states. '

35.  The method of claim 34, wherein the step of storing at least one set of
2 values of states comprises the steps of:
a) holding a set of initial values of states; and |
4 b) holding another set of values of states: from said next state
generator or from a jump generator.

36. The method of claim34, wherein the step of generatmg a second set of
2 values of states comprises the step of:
a) multlplymg said at least one set of values of states by a next step
4 matrix.

37.  The method of claim 34, wherein the step of generating a set of output
2 bits in parallel comprises the step of:
a) multlplymg said at least one set of values of states by an output
4 state matrix.

A




38. The nethod of clainB4, further conprising the step of nonitoring a set
2 of values_of states of said next state generator for a pre-determ ned
conbi nat i onWOM166Me net hod of clai m 38, wherein upon det BEFUSg23949 d
pre-determ ned 2 conbination, the nmethod further conprises the steps of.
a) overwriting an appropriate output H& value with a value of '0'; 4 b)

voi di ng wri4d ng | nera. ed b ai d next
State genersfor 18 SeRGATa Ryret Uitetbnd ol e (R IbA S arl

nmenory to pPlovialiesqofctatgs o |S@1F1alne¥talst§%f§ senersqoat ty @0 prerdetemainedst at e
generator. dfnbifdgoriet hod of clainB4, further conprising the step of
generating a third 2 set of values of states by a junp state generator,
said second set being derived fromsaid at | east one set. 41. The nethod
of clai m 489- whehei methed eft dairmo B8 gwherein upgnadetériting st poé-de@rmiriedes of

states by acmmmat%@uﬁzla@m@a%ﬁﬁeﬁ%%ﬂs%@&é sS&fep of : ‘@) multiplying said

of val ues. of state ate trix. c I/ili
ﬁ[tleaSt one set) overwric'tmganappropnate outﬂut it va ue w1thav ue of ‘0’;

4 b)  voiding writing said second set of values of states generated by
said next state generator to said state memory; and
6 <) instructing said state memory to provide a set of initial values of

states to said next state generator.

40.  The method of claim34, further comprising the step of generating a third
2 set of values of states by a jump state generator, said second set being derived
from said at least one set.

41.  The method of claim 40, wherein the step of generating a third set of
2 values of states by a jump state generator comprises the step of:
a) multiplying said at least one set of values of states by a jump state
4 matrix.



