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BACKGROUND TO THE INVENTION

CDMA systems and protocols are specified in
15 Interim-Standard ninety-five (IS-95) by the US
Telecommunications Industry Association and CDMA2000 RC1.

The link between a mobile gtation and a base
station is made up of two channels, the forward channel
20 (from the base station to the mobile station) and the
reverse channel (from the mobile station to the base
station).

The forward channel is composed of four different
25 types of code chamnnels: a pilot channel, sync channel,

paging channels and forward traffic channels.

A typical forward CDMA channel consists of 64
code channels. The 64 code channels consgsist of a pilot
30 channel, one sync channel, gseven paging channels and 55

forward traffic channels.

The pilot channel is an unmodulated, direct-
sequence spread spectrum signal that is transmitted at all
35 times by the base station on every active forward channel.
The mobile station monitors the pilot channel to acquire
the timing of the forward CDMA channel and to obtain a



phase reference for coherent denodul ati on. The sync channel is used to
transport synchroni sation nessages to nobile stations wiwthin a CDVA 5
cell. it waousekd2 by the nobile station to acquire initial PCT/A®1/01405
synchroni sati on. The pagi ng channel is used to transmt control

i nformati on and pages to nobile stations_rgdeing in the 10 CDVA cell. The
forward traffic channel is used for transthssion of user and signalling
traffic fromthe base station to a specific nobile station during a phone

call. 15 Al| Rifess ety cohexent idanedwlatgR . channel are

orthogonal |y spread by an appropriate Wal sh function and then undergo
quadrature spreading (t sync _ channel_, .pagi ng channel and forward traffic
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1 D cell, . ) .
sequence generat or Ich consists of a 42 stage |inear feedback shift
regi ster where the

The forward traffic channel is used for
transmission of user and signalling traffic from the base
station to a specific mobile station during a phone call.

15

All of the code channels in the forward CDMA
channel are orthogonally spread by an appropriate Walsh
function and then undergo quadrature spreading (the sync
channel, paging channel and forward traffic channel also

20 undergo several other processes before being orthogonally
spread) .

In particular, long codes which are pseudo-noise
PN sequencesg, are used to scramble the paging and traffic
25 channels. Each channel is uniquely assigned a long PN code
which has a period of 2%-1 chips. The long code isg

specified by the characteristic polynomial

21 is

P(x)= x4+ %+ 2 + ¥+ 2 + ¥+ ¥+ ¥+ ¥ ¥ 4 x
+ x4+ x e x4 X+ x4+ x°+ 2+ x*+ x4+ 1. Each PN

30 chip of the long code is usually generated by inner
product of a 42 bit mask (a code exclusive to the channel)
and the 42 bit state vector of a linear sequence

generator.

35 In the prior art, a PN sequence is usually
generated by a linear PN sequence generator which congists
of a 42 stage linear feedback shift register where the



WO 02/ 41512 PCT/ AUCL/ 01405 3 feedback logic is exclusive-OR (XOR) gates.
Binary sequences are shifted through the shift registers in response to
cl ock pulwes4@mz t he output of the various stages are |pgi/aabi/gi4eonbi ned
and fed back as the input to 5 the first stage. A 42-stage linear shift
regi ster generates a maximal |ength PN_sgqqence of 242-1 synbols. Further
details of PN sequence generation can be found by reference to | S-95 or by
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It will be appreciated that in order to achieve
the IS-95 PN sequence chip rate of 1.2288 million chips
15 per second, the shift register must be updated
approximately every 19.5 microseconds. A single chip of
the PN sequence must be produced approximately every 52

microseconds.

20 The forward CDMA channels are all orthogonally
spread using Walsh Functions at a fixed chip rate of
1.2288Mcps. The purpose of orthogonal spreading is to
provide orthogonal channelization among all code channels.
The pilot channel is always spread with Walsh code 0, the

25 SYNC channel is always spread with Walsh code 32 and the

raging channels are assigned Walsh codes 1 through 7.

Following Walsh spreading, all code channels
undergo Quadrature Spreading, which involves performing
30 the modulo-2 addition of the orthogonally spread data with
the short code pseudo noise (PN) sequence generated by the
short code generator. The tap polynomialg for the Short

Code shift registers are:

35 Pr(x) = x + %P + X + %X + x + %X + 1

5 5
Po(x) = x + x% + 2 + %% + %% + ¥ +x +x +1
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Synbol Interference (1SI). The | and Q channels are then nodul ated using
Quadrature Phase Shift keying (QPSK). This is _done in the 10 | channel by
anpl i t ude modul ating t héPRSHFTHPU RS i i \FTUAZALUTR) TRERRASK I rkh PR s
and I's to promm cafBEi’SKPhéBéna:cy ﬂa@seu&ritui@ymg)cmmeémm te the Q

channel, the SI émct [ OQ i S nodul at ed iodum nﬁ an ort ho%é)na BPSK
wavef orm The & t9OR of TR BP }% MRTT heRe™ ?/I?e?

wavef orm To taheBmibam@nritt«nm:'e@gesla@eextlsemgvmm 5y Shees are

i npl ement ed as AL Hvad ebax?&vﬁf&‘éﬂya:oﬁétﬂi‘:‘?nt%’e&% @é??%&%iﬂ?&z%' Phidg

cel lul ar tel ecomuni cati ons har dwar e cou e replaced by a software
i mpl enent ed r atHPO} cfREeRFFEFPRE® i 6FSEYstem It will be appreciated that
sof tware-inpl ementations will benefit froman efficient technique for

'RVENTI N Accor di ngly. CIS IR 1@ Tt o5 b ot kb s
pseudo noi se couddtdte reigase ethifonkeyingr €pPSKB0 vEhie i® domewinathe,
nghgggg?ioa) F CRELEN 159 Sgd PPeREL YROF: Rt g A h 8P OO YO ORL A e 1 B W ¥n

an amplitude of binary 0’s and 1’s to produce a BPSK

(Binary Phase Shift Keying) waveform. In the Q channel,

the gine function is modulated producing an orthogonal

BPSK waveform. The summation of the BPSK waveforms then

15 vyields the QPSK waveform.

To the applicant’s knowledge all existing CDMA
gsystems are implemented as hardware. Recently, it has
been proposed that existing cellular telecommunications

20 hardware could be replaced by a software implemented radio
telecommunication system. It will be appreciated that
software-implementations will benefit from an efficient
technique for updating the registers holding the long and
short codes.

25
SUMMARY OF THE INVENTION

Accordingly, the invention provides a method of
updating a pseudo noise code shift register from a current
30 wvalue to a new value, including:
a) representing a tap polynomial as a tap polynomial
binary sequence;

b) logically AND-ing the value of a last stage of
the current value of the register with each of
35 the bits of the tap polynomial sequencé; and
c) logically XOR-ing the result of step b) with the

current value of the register.



b) logically AND-ing the value of a |last stage of the current value of the
register wiwth each of 35 the bits of the tap pol ynom al sequence; and c)

| ogi cal | wO@i5my the result of step b) with the current Pe¢BAUel/@03 he

regi ster. WO 02/41512 PCT/ AUOL/ 01405 5 Preferably, step (b) is perforned
by extending said value of a |last stage of said register to at |east a
sequence length of said tap pol ynom al brnéry sequence and 5 logically
AND-i ng said sign extended value with said tap polynonial binary sequence.
I n one enbodi nent, the method involves the steps of shifting the current

val ue of the register oner&férd91$OVeEdS (DL 1DWestShdd PleRidndiNly
assigning the valéevﬁiL?the | ast stage of the current value of the register
e

h
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pr oduci ng bi e _sWhich: ks | f ne_bit towards.the nost
significan% b??§¥ﬁ§?ﬂytﬁgsléa tgg%gnfig%a%¥9%$¥e§e a %9171§ﬁdﬁ?he t#Rt hod
i nvol ves shi f tPplvndpialrbénaryaseeuencehe regi ster 20 by one bit towards
the nost significant bit before performng step (b). BRI EF DESCRI PTI ON OF
THE DRAW NGS 25 An exanple of a preferred enbodi ment_of the invention wll
now be described in rel at? d?Pre cCHPRALERRN I i MRFRRAVEMIRLYSE Whe Bteps

Fi gures 1A, 1Bofnghif:ihy| théreteréhe valvards Sie GRAH stannshe sbitiCt ure;
Figure 2 H% a Eé@g&&ga££e3£8§{ngiégfffgéﬂgqbfé Qnd assigning the value
' of the last stage of the current value of the register to
the first stage of the new value of the register after

step (c).

15 In another embodiment, the invention representing
the tap polynomial involves producing a binary sequence
which is shifted by one bit towards the most significant
bit, with the least significant bit set to 1, and the
method involves sghifting the current value of the register

20 by one bit towards the most significant bit before
performing step (b).

BRIEF DESCRIPTION OF THE DRAWINGS

25 An example of a preferred embodiment of the
invention will now be described in relation to the

accompanying drawings in which:

Figures 1A, 1B and 1C, illustrate the forward
30 CDMA channel structure;

Figure 2 is a flow chart showing the method of a
first embodiment of the invention; and

35 Figure 3 is a flow chart showing the method of a
second embodiment of the invention.



first enbodi nent of the invention; and 35 Figure 3 is a flow chart show ng
the nethod of a second enbodi nent of the invention. WO 02/41512

PCT/ AL0O1MO 4051515 DESCRI PTI ON OF THE PREFERRED ENMBODI VENECT/AUAL/@BMA system
the link between a nobile station and a base station is made up of two
channel s, the 5 forward channel (fromthe base station to the nobile
station) and the reverse channel (fromthe nobile station to the base
station). The oreferred enbodlnent reIates to the transmt 10 section of
the forward CHEAAREETRO E ED ¢ BMGRPIMEREN channel will now be
given. Figures 1A 1B and 1C |IIustrate the formard CDVA channel structure
of the prior art. The r 1 l.at.es o) |cat|on of
this forward channel gru%t%%a%%nqggle%?ﬁ c%‘ﬁ‘gé% ?es m(;ba het hod

whi ch al | ows #fealdien irrd spreasit ngtabior b fnadentbyofpbvbochaunehssothear e.
20 As Fi ggr esgdAvdid sémmwe(f%wﬂecﬂéé@eétaémﬁoea%ﬁg Rbpi 04"

different types of code channels: Il o channel 20a, sync_channe| 20b,
pagi ng ckmuwmﬁ%?%&ﬁ?%uﬁpdfEP%@?%V?F%?f?%a%%%hné?%oQOEhe23°hF¥?pFE§F1?%rward
CDMA channel tonshstisa®é dSdatiefle. channel s that are avail able for use. The
64 code channels are conprised of a pilot channel, a sync channel, seven
pagi ng channels and fifty-five forward traffic channels. 30 The pil ot
channel 20a is an unnodiheatwxkfei rat tenyaijmente vplates specthentsagselt t hat

is transApttesb@tidhlof the forward channel. a description of a

forward CDMA channel will now be given.

Figures 1A, 1B and 1C illustrate the forward CDMA
channel structure of the prior art. The preferred
15 embodiment relates to a modification of this forward
channel structure as it specifically relates to a method
which allows quadrature spreading to be efficiently
performed in software.

20 Ag Figureg 1lA-1C show, the forward chanmnel isg
composed of four different types of code channels: a pilot
channel 20a, sync channel 20b, paging channels 20¢ and
forward traffic channels 204d.

25 A typical forward CDMA channel consists of 64
code channels that are available for use. The 64 code
channels are comprised of a pilot channel, a sync channel,
seven paging channels and fifty-five forward traffic
channels.

30

The pilot channel 20a is an unmodulated, direct-
sequence spread spectrum signal that is transmitted at all
times by the base station on every active forward channel.
The mobile station monitors the pilot chamnnel to acquire

35 the timing of the forward CDMA channel and provides a
rhase reference for coherent demodulation.



times by the base station on every active forward channel. The nobile
station nonitors the pilot channel to acquire 35 the timng of the forward
CDVA chamweb2/arse2 provi des a phase reference for coherent PdpADdUdIA0F ON. WO
02/ 41512 PCT/ AU01/ 01405 - 7 The sync channel 20b is used to transport

synchroni zati on nessages to nobile statiogs within the CDVA cell. It is

used by the nobile station to acquire initial time synchronization. 5 The
pagi ng channel s 20c are used to trans coptrol iLnformation and pages to
nobi | e stations residi ng*€i A The® %fﬁﬂ\ e??b 19 %ﬁ%éfﬁ?mﬁfﬁan%f?lc channel s

20d are used g#ynchtroahsatienomestagesrtandobifjeabtagibnaf withinonhéhe base

station to a i nobi L e. st n.gduring n f ' to Figs
IAand 16, al TORE PRE1E0qLteiE pbling EhRtnBngia"EeaPion, £ SEk
channel are #&rihdabnhing spypreByopyzahéomppropriate Wal sh function 36
before they undergo quadrature spreadi ng. However, as known to persons

skilled in the art, the_sync channel I ng channel and forward, traffic
channel undergo several T E% %ﬁ%b?gp?%%ﬁgggg ¢ AT FPRobP bEr RE_iF bed. The
sync, paging aadtroafinformaﬂmehsaaalpagdsrgo mobhvel ptadhehs enesilimgusi ng
a convol ution Eﬂ§0 1121Qdy71 201, 303. This process protects the system
fromerrors 257t can occur at the high data rates used in CDVA. In
convol utional encoding, the channel data streans are divided into smaller

bl ocks ofy gl ength k.and gre EbERar&NERLlLid néﬂaﬁﬁéfsw@éd éy@b@ééd%fength
n. The (n, n; convol utional code is inplenpented where kK t he gut n
transmission of user and signaling traffic from the bas

station to a gpecific mobile station during a phone call.

Referring to Figs 1A and 1B, all of the code
15 channels 20a - 204 in the forward CDMA channel are
orthogonally spread by the appropriate Walsh function 36
before they undergo quadrature spreading. However, as
known to persong sgskilled in the art, the sync channel,
‘paging channel and forward traffic channel undergo several

20 other processes which will now be desgcribed.

The sync, paging and traffic channels all undergo
convolutional encoding using a convolutional encoder 101,
201, 303. This process protects the system from errors
25 that can occur at the high data rates used in CDMA. In
convolutional encoding, the channel data streams are
divided into smaller blocks of length k and are then
encoded into code word symbols of length n. The (n, k, m)
convolutional code is implemented where k is the input, n
30 ig the output and m is memory order. The rate of the
encoder is then defined by the code rate R = k/n.
The sync, paging and traffic channels all use an encoder
with a code rate R=1/2.

35 Symbol repetition 102, 202, 304 is also used by
all channels except the pilot channel. The function of

this process is to increase the data rate to the level



30 is the output and mis nenory order. The rate of the encoder is then
defined by the code rate R = k/n. The sync, paging and traffic channels al
use an emwode#1simi th a code rate R=1/2. 35 Synbol repetitPOVALORY14802, 304
is also used by all channels except the pilot channel. The function of
this process is to increase the data rate to the | evel WO 02/41512

PCT/ AUOL/ 01405 8 used by the Bl ock | nt &r Bedver 103, 203, 305, which is
19200 sps (synbols per second) or 19.2ksps. For exanple, the data rate on
t he sync channéfe@f ErtbenﬁbpﬁklEnherléﬂtgnlh@3432Q34k%®§. Whichvague is

i ncreased 8 ti1®s060s5s 19s94668s bﬂef epeséhdy &AcTy copyEk Ut i phal byamproded
synbol 7 tinmes. A.9.6ks owever. (such as the one in the _paglng

channel ), moulHh%ﬁ?§tﬁeﬁgt?ooﬁegﬂép%%P%dc%ﬁ%%e}dafb?ﬁd%%%V% Yelonals
stream 10 Bl oezkco@ingl PavRngkdps, 20RiandaBOd is pecfeised 8itimesletot 0

reorder a sequpgosgle SUPDOLSC A0 S REK LTS 1| Lo el SV LA Uygts] Y

and inprove per orna generation 1s Per
15 and traffic? chiieRl s byI} ohgpe osererndreweyer0dsudn7as Thize Qnmguﬁbdhe

Generator pr odgsnk 096a6AOPS, WOhLA Ghify 4Zebllco P5SUA mﬁgcﬁﬁ\hée@&ences

that are used scranbl i ng on he forward CDVA channe produces
limted privad@?°§ﬁF?h% 1Bn %Bﬂes?¥ﬂﬁmator produces 242 - combi nat i ons
of different |ong code and each Iong code uniquely identlfles a nobile
station on.both the for chann n ver af fic channe
The | ong ri((:)ode i s charac erlkze1 er e 1T5hg Ocsg'd%({ni (f%a(igllssl})s LA
form either thinpebder t@nge@n@l@roa sépuende a0 $vmigplsoaied Hhepéexhoroade
i's specified by, then o acifli §iv&rsity and improve performance.

Long code generation is performed in the paging
15 and traffic channels by long code generator 204, 307. The
Long Code Generator produces long codes, which are 42 bit
pseudo-noise PN sequenceg that are used for scrambling on
the forward CDMA channel which produces limited privacy.

20 The Long Code Generator produces 2% - 1
combinations of different long code and each long code
uniquely identifies a mobile station on both the forward
traffic channel and reverse traffic channel. The long
code is characterized by the long code mask that is used

25 to form either the public long code or the private long
code. The long code is specified by the characteristic
polynomial p(x)= x** + x® 4+ x®® + x® 4+ x¥7 + x*% 4+ x*° ¢ x*%2 4
e xP e X x xr x  x  xt e X X P x4+ 1.

30 The output of the Long Code Generator is fed
through a Decimator 205, 309. The Decimator reduces the
size of the long code by taking 1 out of every 64 bits.
This has the result of reducing the data rate from 1228800
cps (chips per second) or 1.2288 Mcps to 19.2 ksps.

35

As mentioned above, after the above-described

pProcesses have been performed on the relevant channels,



42 35 33 31 27 26 25 22 polynomal p(x)= X + X + X + X + X + X + X + X +
X21 + x19 + xis + x17 + x16 + x'0 + X7 + x6 + x5 + x3 + x2 + xI + 1. 30 The
out put ofwohz4tsong Code Cenerator is fed through a Deci nB€DAUROGIA40809. The
Deci mat or reduces the size of the |long code by taking 1 out of every 64
bits. This has the result of reducing thg data rate from 1228800 cps

(chi ps per second) or 1.2288 Mps to 19.2 ksps. 35 As nentioned above,

after the above-descri bed processes have been performed on the rel evant
channel s, WO ¥} 4883 Ccode) gprmnehs oon the foryardCRMALChABRHEIRTYN t he

f or war d CDIVAthl&M@én@IBy mf&mamiﬁg mlﬁgwmcﬂﬁowl @t}a fwftb:th éd)ll‘ﬁhﬂ;_b a
fixed chip rate rovides ort ona channel i zati on
anong all co 2k ann]e-']' ngé%l\ﬁ%ﬁo lé) FOBTER o \A‘/éy%g%%arﬂéad wi th Wal sh
code 0, the S¥NCumdhhrrtiem ammwlbmm channgbs sh TharmiloB2xchamnehe
paging  cBanngl s, Argyassbaned GAE whPARCLSad § 1 OLGNsvc Analioul g Figure

1C, follow ng Wal sh "spreadi ng 10 al T code channel's under go, quadr at ure

spr eadi ng, mhﬁ%Wﬁyﬁrﬁﬁﬁ%%g YE%#(W?&%@ ¢hanneHud d- ?m%dﬁh?lEﬁH%ﬂgthe
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sequence generated by the short code generator. The tap polynom als for
the Short Code shift registers 15 are: PI (X) - X15 f X13 f X9 f X8 f X7 f
X5 f 1 PQ (X) = X15 f )P shoil in )iyureX6le, )ﬁohlommg X kst orelveimit put

of the qygdralyy & éd)éeé"t%héf | dhd é%ga&é 5&?15& g anghuadrature
(Q channels 401, 402. S os§gﬁ? at tern J% techﬁﬁaues may be
used for involves performlng the modulo-2 addition of the

orthogonally spread data of each code channel with a PN
short code gequence generated by the short code generator.
The tap polynomials for the Short Code shift registers

15 are:
Pr(x) = x° + x% + % + %% + %7 + x° + 1
Po(x) = x° + 2% + x7 + x1% + %% + x° + %% + X + 1

20 The output of the quadrature sgpreader is in the form of
In-Phase (I) and Quadrature (Q) channels 401, 402. It is
possible that alternative techniques may be used for
gquadrature spreading. However, irrespective of the
technique used, the spread data will be combined with the

25 short code.

The I and Q data streams (channels) are then each
prasgsed through a Baseband Filter 403 which shapes the
waveform to meet required bandwidth constraints as well as

30 minimize y(ISI).

After the required filtering, the I and Q
channels are modulated using Quadrature Phase Shift keying
(QPSK). This is done in the I channel by amplitude

35 modulating the cosine function with an amplitude of binary
0’s and 1’s to produce a BPSK (Bilnary Phase Shift Keying)

waveform. In the Q channel, the sine function is



guadrature spreadi ng. However, irrespective of the technique used, the
spread data will be conbined with the 25 short code. The |I and Q data
streans (Wwoanmsis) are then each passed through a Basebandr/Aubt/erox03

whi ch shapes the waveformto neet required bandw dth constraints as well
as 30 mnimze y(1SlI). After the requiredliiltering, the I and Q channels
are nodul at ed usi ng Quadrature Phase Shitft keying (QPSK). This is done in
the I channel by anplitude 35 nodul ating the cosine function with an

anpl i tude of BNefitlAted prpduaing tan ppreecra BIEREX Braee §oHhas llh) f t
Keying) wavefdinfat ok "er Qb apiek , wivrerSine thdetyamds MR 0512

PCT/ AUOL/ 01405 - 10 dul at ed producjn n_orthogonal BPSK waveform The
St on of | F e BT T CIRAFIHERES PRt ep O oh is
transmtted on the forward channel. 5 it will be apparent that each of the

long and sghort codes nugt vﬁ.ellnﬁlé;g e&aleldeﬂg &ﬁ]g‘%crﬁ-e& S"‘tr?%ml:%i h.qeeds

to be updated after each chip o € I's generat he tec es of the
preferred enmbothamhtcodes must dery Rrigfainedetn genghithl rgoister|vidh to

Figures 2 and néeadold b NpddedClEtes SLSKTERIP 0D EEEE €1 ForddROidd C
exanpl es of how the techniques can be applied to updating shift registers
for both long and short codes. 15 Figure 2 shows the techni que of the

preferred enbodi nent. IThertddcHieiapiy anf ailesl gawfertreal teafbgiiinaromival 1l f or
either the,lo r C . sent . 20 bi nar ence.
Thi s needgoto evpc%éngﬁ%née%fg\ng?e% %&gﬁ% :\L/Igl ﬁéeil%?lﬁet%h%%%%is%?&elﬁi n
order to obtaih t Hollowing the generic description, there are specific
examples of how the technigques can be applied to updating

shift registers for both long and short codes.

15 Figure 2 shows the technigque of the preferred
embodiment.

It will be appreciated that the tap polynomial
for either the long or short code can be represented as a
20 binary sequence. This needs to be combined with the
current value of the shift register in order to obtain the

new value of the shift register.

In the first preferred embodiment, the tap

25 polynomial binary sequence is shifted one bit towards the
most significant bit and the least significant bit is set
to have the value 1. This produces a shifted tap
polynomial constant which is stored in a data entity as
indicated by step 14. The method then involves getting

30 initial or current value of the shift register at step 10
and extending the last bit of the shift register to have
sufficient bits in order for it to be combined with the
shifted tap polynomial constant. At step 16 an AND
operation is performed on the shifted tap polynomial

35 constant using the sign extended last bit of the shift
register. At step 18 the current value of the shift

register is shifted by one bit towards the most



new val ue of the shift register. in the first preferred enbodi nent, the tap
25 polynom al binary sequence is shifted one bit towards the nost
significamoobitsiand the |l east significant bit is set to havavbhe4vnl ue 1.
This produces a shifted tap polynom al constant which is stored in a data
entity as indicated by step 14. The nethod then involves getting 30

initial or current value of the shift re@i%%e? at step 10 and extending
the last bit of the shift register to have sufficient bits in order for it
to be conbi nedsigrbfigentshiti edThip sbifhedi npogisherans. thenscepbigedn AND

operation is pgeforapdionyibe ehiflegduiapopoluoofis! opdPat Bat fOL£YShAG the
sign extended last bit_of the shift, register. At step 18 the current val ue

. € t
of the shift %?BgFEeRr1PsPERPETEATBINGNaRLEPR DRBFAE1PRe nBRE YEPBdF42512
PCT/ AUOL/ 01405the RAR spgnaticanthéhnt imghisishyfbedvia@gssthe héwth&Due

conbi ned t step ] the |t.of 1he AND O ation.perforned . at
step 16 by%berégr%gggg%%g&dﬁg%bggé i%ﬁ?c#hga?ggh?ge%? u?ﬁg %B%F%F?oﬁ
then inplicitlfupelerdetttv hengvarushsérpfcoftle.shift regi ster which can

then be used to generate a further bit of long or short code. Figure 2

shows a slightly less effjcient technique of a second |ess preferred
embodiment. in this 10 YR nerfRWFe hshl FIRELY a9l §hbie et onst ant is

used as indi catechmiqsé ept 3b. sdtondePesd bhefeniédabnbaliigent .t hen shikt
extendod. Tt R SSFRERY 2N wRERLEFEE G pRatrania; FopEtehnete OB R o2
The sign extentedi¢aked 18t bstepf3fhe Atiftepeddstke initbabi vetueiofi the
tap polynonm aky £O0SEER s flr SIEPoBEa b 8% A0 ENDY PREE LI PNoANhe shift
register is sign extended. At the same time, the value of
the last bit is saved at step 32. The sign extended last
15 Dbit of the shift register is combined with the tap
polynomial constant at step 38 using an AND operation and
the result of this AND operation is combined with the
initial value of the shift register using XOR operation at
step 40. Following the XOR operation the result of the
20 XOR operation is shifted towards the most significant bit
and the saved value of the last bit from step 32 is loaded
into the leasgt significant bit at step 44 to produce the

new value of the register at step 46.

25 Example 1 - Long Code

Following, the calculation of a chip of long code
it is mnecessary to quickly update the shift register so
that the next chip can be generated.

30
The Binary sequence that represents the long code
tap polynomial p(x)= x*? + x®° + x*° 4+ x® + x*7 + x*° + x*° + x*2
+x o X e a2 a2 X0 X e X P X+ xR xt s
1 is given by
35

100000010101000111001101111000001001110111



the result of this AND operation is conbined with the initial value of the
shift register using XOR operation at step 40. Follow ng the XOR operation
t he resuiwoot/atshe 20 XOR operation is shifted towards therpaDavosige fi cant
bit and the saved value of the last bit fromstep 32 is loaded into the

| east significant bit at step 44 to produ t he new value of the register
at step 46. 25 Exanple 1 - Long Code Follow ng, the calculation of a chip
of long code it is necessar t o, qU|ckI update the shift register, so that
the next chip can BE %%B B9 qhet £t anflidhe TTRiT p ddits t he
| ong code tapr:mﬁty.nomal p(x)=x 42 + x 35 + x 33 + x 31 + x 27 + X 26 + X
25 + x 22 + x21 + x19 + x18 + x17 + x16 + x10 + x7 + x6 + X5 + x3 + x2 +
xI + 1 is given by 35 100000010101000111001101111000001001110111 WO

02/ 41512 PCT/ AU01/ 01405 Shiffpingyithe ttegivSRes oxien e |aamilwiny thhe tSB i s

on the right i;i;»ﬂdmm Lo £8b S e RidSH é@ff@ﬂrye rweéxﬂﬁc}@é)
3

pol ynom al provides, the nost efficient techni que f updat i e shift

regi ster hol di g dif HRfEE Bregtrtey li‘wéi%‘l‘ﬂ f"clt%l 1R Q}f Ry O
pol ynoni al is esdgnedhiifted aretes lon THE tdp LD | Ve e A grhes e

following for 0 00 00101010001110 11110 01001110 .The val ue
of the |ast st‘;z;ggéljéof tg%lsh g-1-Feég[;;)lltsetq%rpc’ ?%’Vaeolgq'éaf‘?d é? ng%ﬁm to have
t he sanme nunbefoxrs: bits
10
000000101010001110011011110000010011101111

The value of the last stage of the shift-register
is saved and sign extended to have the same number of bits
15 as the long code tap polynomial as indicated by step 12 of
Figure 2.. Then an AND operation is performed with the
shifted tap polynomial. The first stage of the register
will be loaded with the desired value automatically

without any explicit operation.

20
Assume that 42-bit data is representing the
current state of the long code sequence stored in two 32-
bit data entities, and is for example:
25 Bit 31 Bit 0
0110 1110 1010 0000 0100 0111 0110 0101
Bit 63 Bit 32
0000 0000 0000 0000 0000 0011 0001 1101
30
Note that bits 42-63 are allocated the wvalue 0.
The fast shift register update is then carried out as
follows:
35

The shifted version of the tap polynomial is stored in two
32-bit entities as:



15 as the long code tap polynom al as indicated by step 12 of Figure 2..
Then an AND operation is perfornmed with the shifted tap polynomal. The
first stageowiisihe register wll be |oaded with the desipPetAval/ugos
automatically without any explicit operation. 20 Assune that 42-bit data
is representing the current state of the hgng code sequence stored in two
32- bit data entities, and is for exanple: "25 Bit 31 Bit O 0110 1110 1010
0000 0100 0111 0110 0101 Bit 63 Bit 32 0000 0000 0000 0000 0000 0011 0001
1101 30 Note that bits 42-63 are allocated the value 0. The fast shift

regi ster updat siks3tthen carried out as follows: g3e dhe shifted version of

the tap pol ynomi L tqr i 2- bi it as: WD 02/ 41512
PCT/AUC&/01405Eb351§§1§iﬁlgg éﬁ?agg09g08g9§1393?13§i}11 0000 0100 1110 1111
5 Bit 63 Bit 32 0000 0000 0000 0000 0000 0000 0000 1010 This represents the
actual pol yiongalk fgr CDVA systems shifted by gae Rht with Bit 0 set to 1.
10 Last stage of the shift register (Bit 41) is 1. Sign extending it to
32-bits gives: 0099109991 0099709991090991000010009119191

This represents the actual polynomial for CDMA systems
shifted by one bit with Bit 0 set to 1.

10
Last stage of the shift register (Bit 41) is 1. Sign
extending it to 32-bits gives:
1111 1111 1111 1111 11137 11311 1111 11131

15

This is saved. If a 64-bit data entity were used, the
last stage would need to be sign extended to 64-bits.
That is, in the 32-bit case the data entity holding the
extended last stage can be used to perform the AND

20 operation on both the entities in which the polynomial is
stored.

Now we shift the shift register left by omne bit.
Result is:
25
Bit 31 Bit 0
1101 1101 0100 0000 1000 1110 1100 1010

Bit 63 Bit 32
30 0000 0000 0000 0000 0000 0010 0O1l1 1000

Note that as we are representing a 42-bit register, bits

42 to 63 are always agsigned the value #“0”.

35 Logically AND-ing both 32-bit entities of polynomial with
the saved value of the gign-extended last stage gives the
polynomial result:



15 This is saved. if a 64-bit data entity were used, the |ast stage would
need to be sign extended to 64-bits. That is, in the 32-bit case the data
entity hovadongisithe extended |ast stage can be used to peP€DAEDL/GOAND 20
operation on both the entities in which the polynomal is stored. Now we
shift the shift register left by one bit. Result is: 25 Bit 31 Bit 0 1101
1101 0100 0000 1000 1110 1100 1010 Bit 63 Bit 32 30 0000 0000 0000 0000
0000 0010 0011 1000 Note that as we are_ r?Qresentlng a 42-bit register,

bits 42 to 63 are always assigned the va "0". 35 Logically AND-ing both
32-bit entities of polynomal with the saved value of the sign-extended

| ast stage gives the polynomal result: WO 02/41512 PCT/ AUOL/ 01405 - 14
Bit 31 Bit 0 Bi®0®11110 0110 1111 0000 0100 111B8itidl 5 Bit 63 Bit 32 0000

0000 0000 0009, 9g09; P0G1 99091 19190baubg8h! ¥1XPRyhg Lhose values with the

shifted shift register produces t e resu 1101 0100 0000 1000
1110 1100 1010 XOR (Shift Register value bits 0-31) 1000 1110 0110 1111
0000 010051119:4143 (Polynom al result 15 bitg;0-33)

0000 0000 0000 0000 0000 0000 0000 1010

Logically XOR-ing those values with the shifted shift
register produces the result:

10
1101 1101 0100 0000 1000 1110 1100 1010 XOR (Shift
Register value bits 0-31)

1000 1110 0110 1111 0000 0100 1110 1111 (Polyvnomial result
15 bits 0-31)

Results:
Bit 31 Bit 0
20 0101 0011 0010 1111 1000 1010 0010 0101 (New value of

shift register, bits 0-31)

0000 0000 0000 0000 0000 0010 0011 1000 XOR (Shift
Register wvalue bits 32-63)

25
0000 0000 0000 0000 0000 0000 0000 1010 (Polynomial bits
32-63)
Equal to:
30
Bit 63 Bit 32

0000 0000 0000 0000 0000 0010 0011 0010 (New value of
shift register, bits 32-63)

35 New value of ghift register is:

Bit 31 Bit 0



Results: Bit 31 Bit 0 20 0101 0011 0010 1111 1000 1010 0010 0101 ( New
val ue of shift register, bits 0-31) 0000 0000 0000 0000 0000 0010 0011
1000 XORwW@h2/41512 Regi ster val ue bits 32-63) 25 0000 0000 PODAUGOMA0D000
0000 0000 1010 (Polynom al bits 32-63) Equal to: 30 Bit 63 Bit 32 0000
0000 0000 0000 0000 0010 0011 0010 (New value of shift register, bits
32-63) 35 New value of shift register is- Bgt-31 Bit 0 WO 02/41512

PCT/ AUCL/ 01405 - 15 0101 0011 0010 1111 1000 1010 0010 0101 Bit 63 Bit

32 0000 0000 4999 499 8438 9919, 49 4R o, Wgssecond preferred

enbodi ment all stag I'ster that correspond to a
pol ynoni al tapB&Fe53XOR-ed mnth t he value of th&itasd stage, the shift

register is theposhiobloedoand blbeovalowe obibheohiastooaipage is fed into the
first stage of the shift register. The 10 desired effect is obtained by

converting the tap polynomal into a 42-bit binary sequence, then AND-ing
every bit o it with therauthat sécomil prefeiragd embbuémeshianlrsghgesrpfand

e BGRB8 S Cichathotap, p0acc
are XOR~ed Wlth the value of the last stage, the shift
register is then shifted and the value of the last stage
is fed into the first stage of the shift register. The
10 desired effect is obtained by converting the tap
polynomial into a 42-bit binary sequence, then AND-ing
every bit of it with the output from last stage of the
shift register, and finally XOR-ing the result with
current state of the shift register. Once this operation
15 ig complete, the contents of the entire shift register are
shifted once and the saved value of the last stage is

moved into the first stage.

Example 2 - Short Code

20
The shifting of the short code register occurs
1536 times for every power control group (PCG), with both
the I and Q shift registers requiring this operation. The
tap polynomials for the Short Code shift registers are:
25

Pr(x) x° + x4+ %+ %+ X+ X+ 1

Po(x) = x + x2 + x + x1% + x° + x +x + %+ 1

The shift registers for the I and the Q branches
30 are represented by 1l6-bit data entities. Thus, both shift

registers will occupy only 32 bits of memory.

The register is shifted prior to applying the tap
polynomial. The tap polynomial is also shifted with the
35 first bit set to 1. The shifted tap polynomials have the
following forms:



shifted once and the saved value of the last stage is noved into the first
stage. Exanple 2 - Short Code 20 The shifting of the short code register
occurs MQ362sismes for every power control group (PCG, wChAbot/61403% he |
and Q shift registers requiring this operation. The tap polynomals for
the Short Code shift registers are: 25 PI (X) = X15 + X13 + X + X8 + X7 +
X5 + 1 PQ (X) = X15 + x12 + x11 + x10 + x616& x5 + x4 + x3 + 1 The shift
registers for the | and the Q branches 30 are represented by 16-bit data
entities. Thuspohot boghi iblor ogogt grsseighibneecupyse8lY £F23mbiIbFLOtoMRABhY.

The register is_shifted._pri tg a ing the tap polynomal. The tap
polynom al is éFSShEhPFF(%ﬁ %Phgf'hg'ggg first bit set to 1. The shifted tap
pol ynom al s have the follow ng fornms: WO 02/41512 PCT/ AU01/ 01405 -

16
0010 0011 1010 1 S n i st | eft ri LRt )
VBB to Lse) 000301100081 1T 06801 o BeElaitbaBy Priskeal kOl LRe BG, SUBRE,
in the order MEB tBeLgByert MiB| Fob&SRdt ed that bit 15 has been set to zero.

The shifted taptpeiynopbahstagethhenniegisahby poAR- sdeWebhzthg. ext ended
value of the |last stage of the 10 shift register before the result is

logically XOR-ed with the shifted shift register. In the alternative, the
tap polynom al is conveThedshifoed 4p lpolimomiyls emuenciken Thogisaljlipnce

is 15 logical hjxpANP- G8e ¥ EHet BRLQHERY vE1QD bPCch8S1a5L20€a9E of the
10 shift register before the result is logically XOR-ed with
the shifted shift register.

In the alternative, the tap polynomial is
converted into a 15-bit binary sequence. This sequence is
15 logically AND-ed with the output from the last stage of
the register and XOR the result with current value of
shift register. After that shift register is shifted omne
bit towards the most significant bit and the value of the
last stage is fed into the first stage.
20
In this case the unshifted binary sequences that
represent the tap polynomials are:
0101 0001 1101 0000 (I-sequence, listed from left to
right in the order MSB to LSB)
25 0100 1110 0011 1100 (Q- sequence, listed from
left to right in the order MSB to LSB)
It will be noted that bit 15 has been set to zero.

Instead of AND-ing every bit of the tap
30 polynomial sequence with the value of the last stage of
the register (which requires 15 shifts and 15 AND
operations), the value of the last shift register stage is
first extended to the full 15 bits (actually to 16 bits in
a C language implementation, where the shift register is
35 physically represented by a 16 bit data entity). We then
make use of signed arithmetic and shift this value left to

the MSB position and shift it back to the LSB position to



the register and XOR the result with current value of shift register.
After that shift register is shifted one bit towards the nost significant
bit and wWeovalsuer of the |ast stage is fed into the firsPCPAHGEN4ED | N
this case the unshifted binary sequences that represent the tap

pol ynom al s are: 0101 0001 1101 0000 (I-sequence, listed fromleft to
right in the order MSB to LSB) 25 0100 14107 0011 1100 (Q sequence, listed
from left toright in the order MSB to LSB) It will be noted that bit 15

has been set t®igerextehdsteatveiudNEbi fReeFELY DtpoEgt he tap 30

pol ynom al sequence with the value of the |ast stage of the register
(which requires 15 shifts and 15 AND operations), the value of the |ast
shift register stage is ThHe reiluxtehdge tiadhestfade id baved (acd uaddy-to 16

bits in a C|lapguage | £ i 0 f

physi cal l'y represent ed tg? éfB%{%ﬁt or}Tat%h%?lltgl%H§ §€é %éz‘?%%ﬁ'ec%ﬁ éé‘f’ be
signed ari ﬁhne%?%OW%lPﬁ‘it34$11-3§’v%1111@et]ll%f%‘engt?nelMSBhpQSe@l oneahiit shi f t
it back to thedwBdosthé aiod® YQR2fAdDde BRI/ AULLP190Bhe - pAdviShn

extend the valu tot e ful] 16 bits. The value of ,the | ast stage is saved
and sign- exte 1'%1"‘%|Jf%8t T?l‘éa%?\lt?%m%lh% ’6?)%?'%??6n1%aﬁsﬁb9\?%§ tg
acconpl i shed eamlﬁ/l:astd dtege egi ster is shifted one bit towards the nost
significant bit. Finally the previous value of the |ast stage of shift
register is assigned to the first stage. 10 it will also be apparent that
skilled pt8granmmers carftyéticilatacl sm kpmrgatent Yot ulktlbed progfomers

can generate an appropriate computer program for
implementing the method of the invention. The invention
includes within its scope such a program and a processor,
such as a DSP, so programmed.
15

Various modifications to the foregoing system
will be apparent to persons skilled in the art and should
be considered as falling within the scope of the present
invention.



I npl ementing the method of the invention. The invention includes wthin
Its scope such a program and a processor, such as a DSP, so programed. 15
Vari ous moaot/isati ons to the foregoing system w il be appéarambi/e@oper sons
skilled in the art and should be considered as falling within the scope of
the present invention. WO 02/41512 PCT/ AU0O1/ 01405 - 18 THE CLAI M5

DEFI NI NG THE | NVENTI ON ARE AS FOLLOWG: 1. met hod of updating a pseudo

noi se code shift register froma current |l ue to a new val ue, including:
5 a) representing a talg polznorri al as a tag golynom’ al binary sequence; b)
| ogi cal | y AND-TH#Hg ¢HaIXg| DEFENING| BHE ZNYENTEPN ARE R&r FEREOYSEue of the
register wwth each of the bits of the tap pol ynom al sequence; and 10 c)

logically XOR-jng the result of _step b) with the currenf val ue of fhe
register. 2. Ai’rret hod asgc’f‘%ﬁ%% ?ﬁ ’i:?%ﬁ‘?ﬁ’i? MRF BRI Stbe] b‘)'o‘iF SR or ned
by extendi ng swédistéxefodmaal eastrehbigeablie &5 sanhdwreglségeriheladihg@ast a

sequence | engthy of said ] | e_an i .
AND- i ng saf%d s#)gn ext en%j%lgr%%%gﬂ\?\n&?% g%#lgg%{%%&%ﬁ%%o%gag %%ﬁaé@i&%%%ah]ée.
3. A nmethod as clai ned iPLiR}EY nfaqeeneeai m 2, 20 wherein the nethod

i nvol ves the speps of shiddicgniPpeanslih@ninyahabudiot he 180k séi?é?@r@f bi t
towards the nost significant bit and assigning the value of the Tast_ stage

of the current value of THe FROFSRBrvabUe nef PG *e7igerbivithe 3Ry Bl ue

of the register after sttdpe (lodts2&f the tap polynomial sequence; and
10 c) logically XOR-ing the result of step b) with the
current value of the register.

2. A method as claimed in claim 1, wherein step (b)
is performed by extending said value of a last stage of

15 said register to at least a sequence length of said tap
polynomial binary sequence and logically AND-ing said sign

extended value with said tap polynomial binary sequence.

3. A method as claimed in claim 1 or claim 2,

20 wherein the method involves the steps of shifting the
current value of the register one bit towards the most
significant bit and assigning the value of the last stage
of the current value of the register to the first stage of
the new value of the register after step (c).

25
4. A method as claimed in claim 1 or claim 2,
wherein representing the tap polynomial involves producing
a binary sequence which is ‘shifted by one bit towards the
most significant bit, with the least significant bit set to

30 1, and the method involves shifting the current value of
the register by one bit towards the most significant bit

before performing step (b).

5. A method as claimed in any one of claims 1 to 4,
35 wherein the sequence length is 42-bits.

6. A method as claimed in anyone of claims 1 to 4,



4. A nmethod as clained in claiml1l or claim2, wherein representing the tap
pol ynom al involves producing a binary sequence which is'shifted by one
bit towamd@orsi2 nost significant bit, with the | east sigbhCfiAvanel4bst set
to 30 1, and the nethod involves shifting the current value of the
register by one bit towards the nost signigficcant bit before performng
step (b). 5. Anethod as clained in any one of clains 1 to 4, 35 wherein

t he sequence l.engt.h i.s 42-bits. 6.. A nethod cl.ai med in anyone of clains
1to 4, WO Of/hff%ffl Weﬁ’ffosle%g% l’E‘vvhlgsrs"el?lnt"”t'he sequence length is
15-bits. 7. A programfor carrying out the method of any one of clains 1

to 6. 5 8. Aqprocessor APb%g@&ﬂ?@o@,c%@x@ir&g}oukh%h@%%%oﬁf Ofa_réglyo%é)f

clains 1 to 6. 9. A procéssor as clainmed’in aim 8, wherein sai
processor is % ARIBE Litghet processor.
5

8. A processor programmed to carry out the method of
any one of claims 1 to 6.

9. A procesgsgor as claimed in claim 8, wherein said

10 processor is a digital signed processor.



