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COVMUNI CATI ON SYSTEM TECHNI CAL FI ELD The present invention
relatés generally to a nethod and an arrangenment for despreading of a

recei ved OB ANINAN ARRANGEMENT FOR DESPREASHNDA Sybire SEQRicAONE, RakdduNit A onY
it rel at®$¥Mo a nmet hod and an arrangenent for inplenenting a bank of
correl at oFECHNICAL: FifEDnondi ng to a set of Orthogonal Gold codes or alike,
in a receiver used in a Direct Sequence Code Division Miltiple Access
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t oget her. - This conbination is called coding or spreading t
i nformat | Gygitem (DSiGPMA) .. A plurality of coded information signals are
transmtted on a same radio frequency carrier wave and jointly

received 0sjite._si al _at a_receiver. Each of the coded
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A spread spectrum communication system employing a - direct

sequence wmethod, as for example DS-CDMA (Direct Sequence Code
Division Multiple Access) system, utilises a -met;_hod of
generating from an information signal, a transmission s'ignal,
15 where the transmission signal have a significantly wide
bandwidth with respect to the original information signal. This
is a result of spreading the information signal by a high rate
spreading sequence such as for example a high bit rate pseudo
noise (PN) sequence. The digitised informational signal and the
20 high rate spreading sequence are typically multiplied together.
This combination is called coding or spreading the informational
signal. A plurality of coded information signals are transmitted
on a same radio frequency carrier wave and jointly received as a
composite signal at a receiver. Each of the coded signals
25 overlaps all of the other coded signals, as well as noise-
related signals, in both frequency and time. By correlating the
composite signal with one of the unique spreading sequences, the
corresponding information signal can be isolated and decoded. .

Each information signal is thus allocated a unique spreading



related signals, in both frequency and tine. By correlating the
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spreadi ng codes are_currently used, or at |east knows the nunber of
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single user, all spreading sequences (codes) should be

orthogonal within data symbol duration. To make the othHer-user

interference as a noise-like interference, each single ‘users

15 - code channels are further wmultiplied by a user specific

pseudorandom spreading sequence. The number of used orthogonal

codes depends on the current data rate. The receiver will have

an easier task if it knows which spreading codes are currently

used, or at least knows the number of code channels.

20 An example of orthogonal sequences is a so-called Orthogonal

Gold sequences. A set (&) of Orthogonal Gold codes (0Gq,0G,, - .-,
OGy.,) with elements belonging to an alphabet of 0 and 1, is

defined as a matrix obtained from a modulo-two summation (XOR)

between each row of an orthogonal matrix (M) and a sequence

25 (), i.e.
0OGo a
~ OG: % @D a N R
G = = =M®a

OGy., Xy, ® a



defined as JERh |l.Xx obtained froma nodul o-two summation (X bet ween
W,b ?dtohogonal matrix ([err]) #nd a sequence _2593%'[55?7‘]2)“,’3 I.e..
3

each row of &an 0

[err] WD 98/ 33290

PCT/ SE97/ 02183 where [err] and [err] =
[a[err] afhexe] ... a[err] O]. 5 The orthogonal matrix ([err]) is
obt ai ned from another matrix (M consisting of all cyclic shifts of a
first maximumlength PN = sequence (msequence) -{x[err]}, where k=1, 2,
..., N1, by Roralerinog ... o¢he ogatrix}(M on the top with a row of zeros
and on the righ side by a_colu of zeros. 10 The sequence ([err])
I s anot her, mseqﬂenc’% {éfi*erl‘]},X’trvherg)r| =1,2,..., N 1, with a zero
added on tMhe=r|i gat end. Xhe. sequencesd {x[err]} and {a[err]} should
forma so-callled preferred pair of m sequences to obtain optinum
periodi ¢ crosg-corrélation fuhction.” ‘Opti num cross-correl ation
function is on&whi ch hasg m ni ngg,md rum 15 val ue for a given sequence

| ength and a gi ven nunber of sequences. However, the actual

definition %f the Orthogonal Gol d sequences
all

5 The orthogonal matrix (M) -is obtained from another matrix (M)
consisting of all cyclic shifts of a first maximum length PN
sequence (m-sequence) {x.}, where k=1,2,...,N-1, by bordering
the matrix (M) on the top with a row of zeros and on thé right

side by a column of zeros.

10 'The sequence (a) is another m-sequence {ak}, where k=1,2,...,N-
1, with a zero added on the right end. The sequences {x,} and
{ax} should form a so-called preferred pair of m-sequences to
obtain optimum periodic cross-correlation function. Optimum
cross-correlation function is one which has minimum maximum

15 value for a given sequence length and a given number of

sequences.

However, the actual definition of the Orthogonal -Gold sequences
is more general, in the sense that the sequence (5) can be an
arbitrary sequence with zero at the right end. In that case the
20 .set of sequences (G) would still be orthogonal but the periodic

cross-correlation functions between the sequences from the set

will not be optimum.



I's nore general, in the sense that the sequence ([err]) can .be an
arbitrary WO4sB#IE® with zero at the righa end. In that casePGHIEITH8Z et of

sequences ([err]) would still be orthogonal but the periodic
cross-correlation functions between the sequences Tron1the set wil |
not be optinmum WD 98/ 33290
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di fferent code channels. - he” despreader inplenentation depen s on the
actual spreagengation métbodrespendmmgc¢pmpmm&mhsm]d&&ayance Is used. If the
spr eadi ng

10 In the multicode CDMA systems, the number of RAKE receivers
needed for a single mobile-base station connection is equal to
the maximum number of parallel code channels. As all RAKEs work
in parallel, the baseband receiver consists of mu;tiple
despreaders, each corresponding to a different receiving path,

15 and each consisting of a number of correlators corresponding to .

the different code channels.

The despreader implementation depends on the actual spreéding
method, i.e. which spreading sequence is used. If the spreading
sequence is binary, with +1 and -1 elements, it is called Binary
20 Phase Shift Keying (BPSK) spreading, while when the spreading
method is complex, consisting of real and imaginary binary
sequences it 1is called QuadraPhase Shift Keying (QPSK)
spreading. Usually QPSK spreading is performed with different

real and imaginary binary sequences.

25 The efficiency of the despreader for the multicode CDMA systems
directly depends on a bank of correlators corresponding to the

binary spreading sequences.
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t he | engt h "of "sequences 1'S RL 117 1S necessary to performNerr] )
operations for each sanple at t he out put of the bank of correlators.

5 Ans nphamaficdlementat ibheobatke dhagiors£! @dersl e Wit da%vVits less
than Nerr] opeyations per output sanmple is an efficient

i npl ement &hiaon. N°  opeXapldisidspelk orQutumthal ssepieof isequancesffiigient

pr oposed torla .Mil ti code DS-CDVA schene; sets of Wil sh sequences and
sets of 1BPEMEREGEASP - CGol d sequences. A bank of correlators corresponding
to a set of Wal sh sequences can be efficiently inplenented by using a
Fast Hadamgd Hiddsf eEMdeibhonkl tddls &§RS@ehI8nBEBD&Ire propdbe®Pebat izONS
required for each output sanple is N x log[err] N An I npl ement ati on
of a bankMufl tdemodel HFEOMFor sesemndi sgts oof 1 Wadstthosmpedndes daségsenset

that requires less _than N err] operations .
10 Orthogonal Gold sequences. A bank of correlators corresponding

to a set of Walsh sequences can be efficiently impiemeqted by
using a.Fast Hadamard Transform (FHT). In that, case the number
of operations required for each output sample is N x log, N. An
implementation of a bank of correlators corresponding to

15 orthogonal Gold sequences that requires less than N° operations

is also desirable.
SUMMARY OF THE INVENTION

The object of present invention is to solve the problem how to
reduce the complexity of a bank of correlators matched to a set

20 of Orthogonal Gold sequences.

Another problem which the invention is intended to solve is to
reduce the power consumption in a receiver when despreading

received radio signals.

In accordance with the present invention, the aforesaid problems
25 are overcome and resolved by implementing the bank of
correlators in a more efficient way <compared to a

straightforward implementation which uses a correlator for each

Orthogonal Gold sequence.
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sequence and each possible Wal sh sequence. An advant age afforded
by tHE pr &dimes nbehveen ithe hegcqied sequence and each possible Walsh
sequence.

An advantage afforded by the present invention is that the
number of operations used when despreading a received sequence

are essentially decreased.

15 A further advantage afforded by the present invention is that
due to the smaller number of operations during the despreading
of received radio signals a reduction of power consumption is

obtained.

Another advantage afforded by the present invention smaller area
20 needed for integrated circuit implementation of the

aforementioned bank of correlators.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail with
reference to exemplifying embodiments thereof and also with

25 reference to the accompanying drawings, in which

Figure 1 is a block diagram illustrating a part of a receiver
operable to receive a BPSK-spread signal used in a DS-CDMA

system.
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7 5 Dbank of coPCEl&ESY¥£02183 Figure 2 is block diagram
Illustrating part of a receiver operable to receive a QPSK-spread
signal used in a DS- CDVA ure 3 is a block diragr am
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Figure 5 is flowchart of another embodiment of the inventive

method for implementing the bank of correlators.

10 Figure 6 is a block diagram illustrating an embodihent_of an

inventive arrangement of the bank of correlators.

Figure 7 is a block diagram illustrating another embodiment of

the inventive arrangement of the bank of correlators.

DETAILED DESCRIPTION

15 Figure 1 illustrates a part of a receiver 100 used in a
multicode DS-CDMA system. In a corresponding transmitter, all N
transmitted code channels have been spread with a set of
Orthogonal Gold sequences G,,G,,...,Gy,; respectively, and
utilising method called Binary Phase Shift Keying (BPSK). The

20 part of a receiver 100 comprises a quadrature detector 101 which
generates an inphase signal on an output 102 and a quadrature
signal.on an output 103 for radio frequency signals which appear
on an input 104. Each output 102,103 is connected to a branch,
an inphase signal branch 112 and a guadrature signal branch 113,

25 that comprises the following entities connected to each other: a
lowpass filter 105 with a bandwidth proportional to a chip

frequency used in the CDMA system; an A/D-converter 106, a pulse



met hod for_inplenenting the bank of correl ators. 10 Figure 6.is a block
di agram i IWG’Q% 9Png an enbodi nent of an8 I nventive ar r%ﬁﬂ%?ﬂ?f?? 8Bf the
bank of correl ators. Figure 7 is a block diagramillustrating anot her
enbodi ment of the inventive arrangenent of the bank of correlators.
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whi ¢ generates ~an i np ase on an ou put 102 and a quadrature
signal on an output 103 for radlo frequency si gnal s whi ch appear on

an input 4. a EFahseutqudput0211930ks taeNnestiedofo cbiedRebrs 109 &7 the
i nphase signal branch 112 and a quadrature signal branch 113, 25 that
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same used In the transmtter for spectrum shapi ng; a downsanp |ng
unit 108 faquadiamnszn@iigngit ds generanedsalht etpersaid powtiwhtas bark 1afl are

correlators 109. Each bank of correlators generates N correlation
val uekl combined into a pair of outputs for a first code channel CH,.
All other outputs of each bank of correlators are combined in
the same way to form N pairs of output which correspand to N
code channels. Each code channel can be combined with t;_he same

code channel obtained from another reception path.

15 Figure 2 illustrates part of another receiver 200 used in a
multicode CDMA system. In a corresponding transmitter, the N
transmitted code channels have been spread with a set of
Orthogonal Gold sequences G,,G;,...,0y., respectively, and
utilising method called QuadraPhase Shift Keying (QPSK). This

20 method produce N/2 code channels such that each code channel is
spread with two sequences in the corresponding transmitter. For
example, a first code channel CH, 1s spread with a first
Orthogonal Gold sequence 0G, and a second Orthogonal Gold

sequence 0G,.

25 The part of a receiver 200 comprises the same units as the part
of a receiver 100 described in conjunction with figure 1. Due to
the fact that the used utilising method is QPSK the number of
the received code channels are N/2 and the arrangement of the N
outputs of the banks of correlators is different than in the

30 part of receiver 100.



5 On a fi ut 110 of the bank of correlators 109 in nphase
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on a first output 111 of the bank of correlators 109 in the guadr at ure
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correl at othel@tiputt 202 mphake output signals on the output 203. A.sum is
obtained as an output signal on an output 208 of the adder 206.

The output signal on the output 208 is the quadrature signal of

15 the first code channel CH,. All N outputs from the two banks of
correlators are arranged in the same way. This means that the
N/2:th code channel is obtained with two last output of the two
banks of correlators. That is, a N-1:th output of the bank of
correlators in the inphase signal branch 112 and a N:th output

20 of the bank of correlators in the quadrature signal branch 113
are connected in the same way as the output 201 and output 204

and that a N:th output of the bank of correlators in the inphase
signal branch 112 and a N-1l:th output of the bank of correlators

in the quadrature signal branch 113 are connected in the same

25 way as the output 211 and output 212.

The explanation for the above arrangements of the outputs of the
banks of correlators can be obtained from the following siwmple
relation, wherein the inphase signal to the bank of correlators
is denoted d; and the quadrature signal is denoted d,. The first

. 30 code channel has been spread with 0G, and O0G,. Hence the



signal branch 112 and a second out put 204 of the bank of correlators
in the qua¥f®%j gnal branch 113 are gonnected to BRT/REMAR18305
which is operable to adding the output signals on 5 the outputs 201, 204.
A sumis obtained as an output signal on an out put 207 of the adder

205. The ut 5| nal..qn,the, out put 207 s the inphase .signal he
first codd oo’ Sipedpr 1a8e 18hPhaaRE he potfviiis O e b iRt first
corr el at olpdel dHginidIP e € signal branch 112 and a first output 203 of’
the bank of 10 correlators in the quadrature signal branch 113 are
connected to an_ adder 206, which is operable to adding the output

si gnal on (a: + jda}oayt-pPybe02 (d&ot;h& Qdedt+ si@os, s+ @aotf)e out put 203. A
sum-i s obtained as an output signal oOn an output 208 of the adder 206.
The output signal on the output 208 is the quadrature signal of 15 -the-

first codamhareel ghaker (d:o0l + Moot Pig swhaemilshedudi deanksn othe output

correlators are arranged in the sane way. This neans that the N 2:th
code channgl7 i snabteaidetnigidaipophast (@beut godewhs® is obbatkédobn
correlators. That is, a N1:th output of the bank of correlators in

the i nphastélesmg.rtaputber&h TP maed Pttt ramthtqmﬁ i@yimgfryt ipadragorafespond
correlators |n the adrature S|gqﬁ% br anch are conpected j.n the
sane way &< &P%E‘FS?OPW loATHht £he4 qua ratéﬁ-’ﬁ? t$anat \pEht ;fd-trs&r
t he bank r ¢ ase signal branch 112 and a N1:th
out put cﬁ(q é?ﬁéﬁ%§ﬁ§i§€$§§ﬁ{§?w%¥§] in the quadrature signal branch 113

are connected in the sane 25 way as the output 211 and out put 212.

The expl amtd Qimglmdritantalkaoy ofathanpaaRnbs obrréeabuwumcses)fndtheiepend on
banks of correlators can be obtained fromthe follow ng sinp

rel at}®n, “iHeHe PrerRAIngpmesdos §hat ds vredpanrkthe EBW%‘PJatt"eﬁ% The ch@
d d d d fd
dencted Skl LpE SHECIALACSy Sk Bhahel S IR o BERT be ThE, ol

correlators in a way specific for the applied spreading method

Figure 3 illustrates the background art for the bank of
correlators (109, figure 1 and figure 2) used for despreading
15 multicode channels. A bank of correlators 300 cé;mprises N
correlators Corr,,...,Corry, where each correlator generates a
correlation signal on output out,,...,outy. Each Orthogonal Gold.
sequence O0G,,...,0Gy.,, used for spreading the code channels in
the transmitter, is stored in registers ref,,...,ref,. For
20 example, in register ref, is the Orthogonal Gold sequence 0G,
stored and in register refy, is the Orthogonal Gold sequence 0Gy.,
stored. A sampled signal received from the downsampling unit 108
is coﬁnected to an input 201 of the bank of correlators 109.
Each sample is shifted into all registers reg,,...,regy and a
25 multiplication is performed continuously bit-by-bit after every
shift with the stored Orthogonal Gold sequence. Results of each
bit multiplication are summed in summarizer S and the sum is

output on the output out,,...,out, respectively as a correlation
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followng nmultiplication has to be perfoH‘redto obtain the first code

channel CH err]: (d[err] + jd[err])(OCderr] - JOG{err]) =
(d[err]Oderr] + d[err]Oderr]) + j(derr]Oderr] + d[err]OdJerr]).
The real palue(dbetwdeX e @rtlifxegox]lﬂa[ &alld ssquémade i sindbt Bhaedrameived

output 5 207 and t he i nagi nary (d err + dlerr err what
i s obtai n8d95FL- Fory r?é‘a&?clﬁut R"‘F’n g é&f &dt h%eq‘l% P%f‘)ﬂparst
correspon t gn and at . e h
first gtor éie cln}lanﬁgé res%ﬁgtg% ggf EﬂgTﬂgﬁg{an%gnen@a%%n %rs{ hg's

bank of C@rdi'@ieil:tt@cﬁ tweshddowieRed oy it Mbhidde siHE@REHN G Othrdidh i S

used in the transmitter. The code channel s are obtained by arranging

t he out putld2of &hd b?éTﬂ(SBBSK Spreacbmgelmebh@dl isa wesd spbbef ieofrglation

appl i ed spr.eadi_ng Q e 3illustrates_the bﬁck roynd art ffor

the bank &rgnal O%oF Bl QPBPEt(?B§1 ‘F?’g’ﬁ?ﬁpﬁn PdCPi Glife 13PNASEY Stopa

despr eadi 1 I baé"lalfa2 o] t 0

conpri ses%e éo{ig](‘:l(Sérlrira(e\r ators ‘Oorw[ig}rlr]tﬁe Efnag?{%vﬁerggageghoabove’

correl at orexgapay attigata the baakrebdt i ebriegadbren ost pd:tbm@euit{@:lr]to the
,out[err]. Each Orthogonal Gold sequence OJerr], . CI{f_err] used

for spreadiufgiuataredeigAakhnErEnch 113 the tquadsmtamer  signal ofey igpde

regi sters er| For exanple, in regrster ref[err] is
t he %hog&?é{“ cd{lséﬁugﬁtéé Ef%ér stored and in register reff[err]
Is the Orthogonal Gold sequence OG[err] stored. A sanpled signal

recei ved foas t hfp oS oo fiNthe 188nk of dSrXOIRE LA & 0L £ IPLENnt201
of the bank of correlators 109. Each sanple is shifted into all
registers 'Ircegﬁe;xspn]read alldgfede] chadngls23t takes PV cuteivet ionspemtdaheds

conti nuousl y bit-by-bit after every
me - an powerconsuming.

A flowchart, figure 4, illustrates an embodiment of an inventive
is method concerning how to implement an efficient bank of
correlators used in a receiver in a multicode CDMA system. In a
first step 401 N input samples SS = s4,8,,...,5y5., are buffered.
In a second step 402 the input samples s;,8;,...,8y., are
multiplied element-by-element with a arbitrary sequence a =
20 8g,8y,...,8y.1s therewith a sequence P = PgsPis--- Py =
Se*ag,8,%a,, ...,8y.1%ay., 1s obtained. The sequence a is the same

”~

used when the Orthogonal Gold sequences G are generated in the
transmitter. The obtained sequence p is then, in a third step
403, permuted in a certain way, which will be described in wmwore
25 detail below, in order to obtain a sequences w, which is equal
to a sum of a number of sequences from a set of so-called Walsh
sequences. The sequence W is, in a step 404, transformed with a

Fast Hadamard Transform as to obtain -a set of correlation values

¢ = CVys.-.,CVy., between said sequence w and each of N Walsh



shift w tgﬁ)gﬁa%p@red Orthogonal Gold sequence. Results of each b|t

multiplic sunmred in sumnmarizer 12 and the sumis FCT ’sﬁ?u’f'm? on.
the output outf[err], ,out[err] respectively as a correl ation WO
98/ 33290 PCT/ SE97/ 02183 :
val ue bet 5O o RYEAREG2RELhBE EEFChYe Siepsl
For exanple &He{ﬁ Re %{)t %Qgﬁg E;HL("SOI sequen%e erri§8 o ..e.'nphase In

the regiahér forf herqﬁadratthe:e baihnadf J.tCOWIi&[LatHH Spok8ible ascoea:elzi'eﬂ to
the downsanpling unit in the inphase signal branch 5 112, and the BPSK
spr eadi ngdﬁ’éﬁﬁé efls t@e®ifigientdat cigepsgad codgj whannsis hused: pik 2
outf[err] coi ﬁgnds tg tge I nphase signal of t he code channel
CHerr]. esgﬂ’% BondPYT ofs stated above, except that the bank
of correlators is connected to the guadrature signal branch 113, the
quadr gt ur & St ORAhdS, cegguréos cmréaﬂwrahotﬁe@bteabaagment of theS

I npl enent ati on of the bank of correlators is inefficient To despread
all code c¢chuenelsvei methkds Nbear}hnpératepnsplv\hthb Nsmput sénpbes 888 =
power consum ng. A flowchart, ure 4, illustrates an errbodl ment of
an i nvent SveSu5 - - Afisthodfe cSH@E?ﬁ?‘ﬁg %hcﬂ?rﬂﬂ%aq‘rﬁﬂ eh%nFar’éﬁe ePltciBht 2

S i S O IR 8 e O g A

buf f ered. samplesl BS ain secocbndtfep 49¢1, t e ora@ﬂttosanaaeﬁ aSpettahted
Sferr],..., S[err] are mul tiplied elenent-by-element with a arbitrary
sequéﬂce Verspor 3%, =a[SesrSprs af er¥d.a L &her rinpul heeayerte &S.seluedce
[err]

e val Eﬁﬁrds[%wéeﬁ*%”fhé Bethfiked Sersion; %okt n¥y iBHE < SATRNEE

[err] is khe s <1 Spy usggeWheg, i QJddogenakekdl dyseniieaees At age
gener at ed tpﬁe transnitter. The obtai ned sequence [err] is then, in
athird Sp&amuted version &, = ay,8p,.--s8p.1 Of the sequence & =
Qp,81, -+ ,8y51, therewith sequence W = Wo,Wy,...,Wy, =
15 Spo*3pos Sp1*8py, - - -, Spy-1¥Bpy-; 1S Obtained. The sequence & is

permuted in a certain way, described below, before it is used.
The sequence w is then, in a fourth step 504, transformed with
the Fast Hadamard Transform as to obtain correlation wvalues

CVy,...,CVy, between said sequence W and each of N Walsh

20 sequences.

The permutation rule used in present invention is one which maps

Orthogonal Gold codes into Walsh sequences. For each matrix M
there are many column permutations which produce the same set of
Walsh éequences, but with different ordering of Walsh sequences.
25 All these permutations are related to the natural state sequence
of the appropriate 1linear-feedback shift register sequence
generator, or equivalently, to the sequence of Galois Field

n-2

GF(2") elements 1,&,0% ...,0a" %, where o is a primitive element



403, per MiygybsiaRed Certain way, which will be described in ppiRpoAiiss
detail below, in order to obtain a sequences [err], which is equal to

a sum of a nunber of sequences froma set of so- cal l ed Wal sh-

sequences. The sequence [err] is, in a step 404, transforned with a

Fast Hadamdr €FTi23hsf Ghen detetnihrtion aof cthofcobime| peimtamiaest natrix
[err] = CVerr], ... ,CVerr] between said sequence [err] and each of N
Wal sh M willWee0813888Pated by the following kxample.

PCT/ SE97/ 02183 sequences. By using this inventive nmethod for an

i nphase si gnal and for a quadrature signal it will_ be possible as
earlier If N=s8yi bbe mese@ﬁem:een{m& ﬂe[sprleaid 6ode Thépnel s used in a

mul ti code channel system 5 Aflowhart, figure 5, 1llustrates another
enbodi ment of the inventive nmethod. In a first step 501, the N input
sanpl es Sgan be used & lgenS@te] the. matrbkeM |giaren uiff ered. A pernutation
is carried out in a certain way, described in detail below, on the
buf f ered i nput sanples SS in a second step 501, in order to obtain a
permuted 10 regi @n @Speror Jo =oH[err], S[err],...,S[err] of the input
sequence SS. | éh rd sb p 503 the pernmuted version of all N input
sanpl es g‘[e}r]l %[ .

Sferr] are nmultiplied
el enent - by- el eiient OM @ hl 60 10 permuted version J[err] = a[err],alerr],

.. aferr] offth equeRc ept] = alerr],aferr],...,aferr],
therevy,thMseq:lt'enge%qil 0% i b err], V\[err] . . . ,wWMerr] = 15
S[err]*a[err], QS[@rrJ]*%l[érrﬂ] 1 O,S[err] a[err] is obtained. The sequence
[err] is peimyg ed hn4a @:eb ain way, described below, before it is
used. The sequence [er r(l( then, in a fourth step 504, transforned
with t he| FaSt HaHaharl Gr8fsformas to obtain correlation val ues
CvVierr], . . ,[@[err] 1between said sequence J[err] and each of N Wilsh
20 sequences.

The m-sequence {x} is generated by a  recursion:

Xea=XwatXx (mod 2) , which is obtained from the primitive

polynomial: f(x=x’+x+1 over GF(2). The initial three values for
the recursion, or equivalently, the initial state of the linear-

10 feedback shift register sequence generator, are taken to be:

[x1 X, x3] = [1 1 1].

The primitive polynomial defines the extended Galois Field
GF(2®) whose elements ordered into the sequence of the
successive powers of a primitive element o are given in the

15 following table 1.

table 1.
Field Decimal | Position Basic Permutation Permuted
elements value (of position) Decimal

Values
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The basic column permutation which maps M-transform matrix into

the matrix whose rows are different Walsh functions is obtained

by reordering the sequence of Galois field elements so that

their decimal values are linearly ranging from 0 to 7.

Reordering the positions of columns of matrix M according to

the basic permutation p=[8 1243 765 6] produces the new

matrix given in table 2.

The rows of this matrix are Walsh

functions, so by suitable permutation of rows this wmatrix can be

transformed onto Sylvester-type Hadamard matrix.

type Hadamard matrix H of order 8 is given in table 3.

of H are Walsh sequences designated as WO to W7.

table 2.

Permuted Matrix M

Walsh Function

The Sylvester-

The rows



15 foll oy e 1. table 1. Field j

Posi tion \%%gssé:@%’ernutation Per mut ed> el enment s pc%@ﬁ@ﬂss

(of ‘position) Deci nal

Val ues WD 98/ 33290 14

PCT/ SEQT0Z1I83 [0 0 If=[err] T 1 8

0 [0l Pl5lerrd 0 D o 2 =Wo 1 1 [1
0 0] =[erjr] 4 3 2 2 [0 1

1] =[err] 3 4 4 3 - [1 1 0]=[err]
6 ®1101003% =Ww7 4 [1 1 1]=[err] 7

6 7 5 [1 0 1]=[err] 5 7

5 6 0 0 0] 0 8 6

7 The pagi @ cgl ynm per jrut at i oawhi ch nﬁps Mtransformmatrix into
the matrji x whose rows are different Wal sh fufctions is obtained by
reorderijng the sequence of (Rlois tield elemgnts so that their decinal
val ues arel ynegard yorang ng fromoO £wi7. 5| Reordering the positidns of-
columms jof matrix [err] accofding to t he basic pernutation - p=[8 1 2
4 3 7 5] produces the new matrix given in table 2. The rows of
this matligx aree Vbl sh1 1 1 functios®W4 so by|{suitable pernmutation of rows
this mat{ri x can be

0 011001201 =W2
01011010 =W5
0 0111100 =Wé

table 3.
Sylvester-type Hadamard Matrix Walsh
Function
0O 6 0 0O00CO0OO =W0
010 1 06101 =Wl
0 0110011 =W2
¢ 221001 10 =W3
0 00 01111 =W4
0106110110 =W5
0 0111100 =W6




transforrrer}g Qnto Syl vester-type Hadamard matrix. The Sylvester- type
Hadamar d PO Gf order 8 is given ineable 3. The rows CT’SE”@?“?H are.
Wal sh sequences designated as WO to W.’ table 2. Per nmut ed
Matrix [err] Wal sh Functi on WD 98/ 33290 15~
PCT/ SE97{62483 —6—6 8—6—6-6 =— 01101001
=W 011 00 =8 (01Q,401pP1

=W 0 0011]’1‘101001 =W 001"”]1700 11

=W 0 -0 —W’J —6—+++%+0 0

=\\6 t

Funct i on ﬁggﬁ.geg the Bg‘%i%eﬁéﬁﬁbﬁéﬁ% ahr/% Ha)fzy other _%rmutg\éiéﬁ"s

i0

15

20

which will produce the same set of Walsh functions. They can be

obtained by applying the same principle from the previous

example to the transformed matrix of GF{2") elements, obtained

by any combination of the following operations:: ‘columns
permutation  of field elements, and cyclic shift of
i, a,0%...,a"? gsequence. The total number of permutations which

can be obtained in this way, for the Orthogonal Gold sequences

of length N=2", is M = nI x (N-—- 1) .

However, the total number of permutations is even larggr, what
can be seen if the transformed matrix of GF(2") eleménts is
defined wmwost generally. Namely, the rotation of any éolumn
corresponding to the nonzero GF(2%) elements in the field

elements matrix, that produces all different decimal wvalues,

will result in a additional permutation for matrix M. In that
way, for example, it can be obtained 168 permutations for n=3,

which is 4 times larger than 3!x(8-—1). For n=4, it can be

found 56 x 41 x (16 - 1) permutations.

The following example illustrates permutation construction
using transformed matrix of Galois Field elements. If the first
and second column of the field elements in table 1 have
exchanged the position, another permutation can be obtained as

shown in table 4.

table 4.

Field Decimal | Position Basic Permutation Permuted




01010 ddbsha | . | 001
2 8553 290 17 oe i*c’i‘/sﬁs'ﬂ/oﬁsso g

1100110 = 0
01111 =W 01011010
=5 - Q0 111040 : =\\6 WO
08/ 33290 elements value : (cPCrrsSER¥PO2183 Decimal
0110010012 =W/ Besi des' t he basic pefr t‘%{ion
there ar¢ nmany ot her jpernmutatipns which will produce th Y&} of
Wal sh fugctTons—Theytambe— obtarmed—byapptyr g teSame princr pre
fromthejprevious , exgnpl e to the trgnsforned gatrix of (2[epr])
el ement s t8bt%i hHEd® 5 5 by any cpnbi nationjof the foll ow ng opgrations:
col umrms perrut-at-or—of H-el-d—elerpnts; ard——eyeHe———shi—
of 2 nt 2 1,{[err],[ern] ,[ert] sequence. The_t ot al
number of [perﬂm@]&t @8k whitch cén be |obt ai ned ﬁ'n this way, forthe
Ot hogongl _Cold sequepces of length|N=2lerr], is M=Tepr]! x (N 1)
10 However, the totaljnunber of permJt atijons i s even Iarger what < cah
be seen ilf[ot he ol=andfprned matfix o GF(4[err]) el 8ments is -déf i ned
nost gené¢rally. 'Nanely, the rofation of gny col umm corresponding to
the nonzeéro GF(2[err]) elenmepts in tHe field el emehts matri x,

eredt degimal 4valugs, 15 w7l resultjin a 3

t hat prod geso m_ltl— disffer
additionéa permttati oh for mattix [err]. {In that

[110=a| 6 5 2 4
11 1= cf 7 6 4 s
02 2=o| 3 7 5 e
[o o o 0 8 K | 7

The permutation when applied to the matrix M will produce
another matrix containing the set of Walsh functions, as shown

in table 5.

5 table 5.

Permuted Matrix M | Walsh Function

0 00 00 0 0O =WQ

01101001 =W7

0101 1010 =W5




way, for exanple, it

can be obtained 168 pernutations for n=3 whi ch

is 4 timesWOBEE0t han 31x(8 - 1). For n=s4, it can be PCHSROES3 x 41 x

(16 --1) pernutations.

The followi ng exanple illustrates pernutation

construction 20 using transformed matrix of Galois Field elenents. If the-
first afRe—Ssecord—ecotu—ef—the—+eld—ehenents in table 1 have
exchanged the p05|t|on anot her pergwiation ¢an be obtai ned as shown
in table{49 1 li8pie & 1 “Field Decinmal Position Basic

Per mut at (er Pertut-et WO—-98+33296 17

P E97] 021 I iti

DeCI{ ﬁalg 00 %31 10 _Oe 1emfnts gﬁ&ue | (of position)

Val ues pP—6—6—4H=te++] . + 8 0
[1 0 0]=|err] 4 2 _ 1 1 [0 1
0] =[err] 00001111 W3 2 [10

1] =[err] 5 %4 T 3 [1 1 0]=[err]
6 5 2 = 4 [1 1 1] [err] 7

6 071 14,0 0110 5 [0 14 1][err] 3 7

5 6 RACERYB © 8 6

! 6 0111100 =W6
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Figure 6 illustrates an embodiment of an inventive arrangement
of the efficient bank of correlators 600 used in a receiver in a
multicode CDMA system. A first register 602 converts serially
received, on an input 601, input samples SS = 8,,8;,.-..,8y4.p tO

parallel. N serially received input samples SS are output on N

‘parallel output ©04,...,04; to a multiplier 603. The arbitrary

sequence & = a4,38;,-..,3y.; 1S stored in a memory 605 which has
connections ¢g,...,Cy; to the multiplier 603. Each element
89,2y, ...,8y.; 18 output on a corresponding connection c;,...,Cy
and multiplied in the multiplier 603 with a corresponding input
sample s,,8,,-..,8y,, therewith the product P = Dg/P1s---sPy-1 =
So*ag, 8:%A4, . - ., Sy.1%ay., is obtained. Output 4 = ug,uy,...,Uy,; of
the multiplier are connected to a second register 604 in which
the permutation is performed. The obtained permuted version of
the product p is the sequence W, which is equal to the sum of
a number of sequences of the so-called Walsh sequences. The
elements w,,Wy,...,Wy,; ©oOf the sequence W are, via a

corresponding connection v,,vy,...,Vy.;, connected to a bank of

Walsh correlators 606, implemented as Fast Hadamard Transformer, .



The per mutgpigaRzgen applied to the matrix [err] wll produggysgernzigsot her
matri x cont ai n?ng the set of Walsh funct¥dns, as shown ‘ e’irn ta%ﬂe 5 -

5 table 5. Permuted Matrix [err] Wal sh Function 0O000O0OO0OO0OO0O
=W - 01101001 =W 01011010
=6 whichWeeid 33230 on output kg, k,, ...,k the correlation wvalues
PCT/ SE97/ 02183 01010101 ' =W 001100
11 CVo, - - - A1 corregpanding to| epch Walsh sequenagawo, Wy, - - -QWial 0 0
110 =B 00111100 =W\
Figure 6 Ll rates Lpent._of [ ti:V rr enqent . t he
efficient bgéﬁggof Hcorl?%u%?%(r&geggog&%ggglgn %@ggéfn\%lr% i%%g thd lrﬁYIetnltgg‘r e
CDVA syst grafigbinest I e@iost era 6025 epnversgi seétal g2  converts serially.

5 received, on an input 701, input samples SS = s,,S;,...,8y4., LO

parallel. The register 702 is also arranged so that N serially
received input samples SS are permuted and output on N pérallel
output oy, ...,04, to a multiplier 703. The permuted arbitrary
sequence &, = Bpor3p1s---,8py-y LS stored in a wmemory 605 which
10 for each N elements has a connectioh Cpr.--4Cy.; EtoO the
multiplier 703. Each element ag,ap,...,3p3 1is output on the
corresponding connection ¢,,...,C4; and multiplied ‘in the
multiplier 703 with a corresponding input sample Sy, Spy/ - - - Spx-
17 therewith the products sp(,*ap(,,spl*apl,...,spN..l*aP.l,,_1 are
15 obtained, which form a sequence, which is the sum of a number of
-sequences, from the set of Walsh sequences. Outputs u,,u;,...,uy.
, of the multiplier 703 are connected to a bank of Walsh
correlators 704, iﬁplemented as PFast Hadamard Transformer. The
bank of Walsh correlators 704 comprises a buffer for buffering
20 said products  Sp0*ap0,Sp1*8py, - .-, Spy-1¥8py-1  efore  the  Fast
Hadamard Transformation is performed on said products. For the
sequence Spo*8pos Sp1*3p1,s - - - 4 Spyi¥apy.y - the bank of Walsh
correlators 704 generates N correlation wvalues CV,,...,CVy,

corresponding to each of N Walsh sequences.

25 The mentioned Fast Hadamard Transform, which is known by a
person skilled in the art, is a method to increase the
efficiency of Hadamard transform. The Hadamard transform is
characterised by a Hadamard matrix, in which each row of the

Hadamard matrix is orthogonal to every other row of the matrix.



S received, on an input 601, input sanples SS = s[err],s[e er r]
to P APBBPO N serially recei ved PAput sanples SS ar é'%](ﬁEBZ(f’ilg%
paral |l el output of[err], ,o[err] to a multiplier 603. The arbitrary
sequence [err] = alerr], a[err] ... a[err] is stored in a nenory 605 which”
has ELQNNEEH1 ofs t:qr{eerl-fddamard Gl rFix t @arh MBe MUbELRLEQN tB03s EAGHalsh

el emrent 10 alerr],aferr],..., alerr] is output on a correspondi ng
connect i cseqhemag, ..., cl[err] and multiplied in the multiplier 603
with a corresponding input sanple s[err],s[err],..., sl[err],

theremnth the rodugc ery [e err],...,plLerr] = )

s[err]*a[® %rr@r %Eﬁ ofq %%r]gna[e%rl] ke Eﬁﬁarlﬁ%d.reomrawelpferﬁ =
uferr], u[err] ,uferr the nultiplier are connected to a second
regrster ?gh % 1e pernmutation is perfornmed. The obtained

per nut ed versron 0 . (&, jproduct [err] is the sequence [err], which is
equal to the sum of a nunber of sequences of the so-called vaLsh
sequences. The elenments werr],Werr],..., Werr] of the séquence
[err]5 afke Fagta Hadamard cbrammmm ragcpimrtect:hen f4aly r that Hadamard
vierr] connected to 20 walsh correI to s 606

i npl enent‘@%lt%*’sc%%s?rﬁaﬁﬁ rdSW‘QﬁEFbF nﬁ‘fl " roiiowifd ince the
19 dTmard matg Tgfgch{x] gljr?son _.l va lﬁe(\sh %“%%@E?Baﬁ?%ﬂé’t are

k[err], k[er e corre t'ion va

Rl erfé?ﬁgféesaoncmg tea@mwbamcﬁeaueaﬁe ¥oeeblreW ehe] numbeM&£1] .
Frgure 7 illTustrates another enbodi nent of the inventive arr angenent
700. A fra@dltegnstemd7oszammmssezrecmiz§ed cgn becerraﬂe@edorfmmrnputo

701, input sanmples SS = err parallel . The
regi ¢Per 20% Jr%g’alll sodéﬂrer %o Fﬁ’ét thaderd a{'lf”‘?al‘arg magrdixy of |

Sa”D' es Spyar e ne tu?ﬁdl%%t &I_rtor%'au@tp%'fahl Sbarse maPHidLd, Och%t{]ls,

,o[err] 1o a nu pernuted arbrtrary sequence Terr]
= a[err] aferr]; ..., alerr] is stored in a nenory 605 whi ch
Hn —_ ~log2 (n)

Ho

.where

1 -1

b -

15 Noting that the top n/2 rows and the bottom n/2 rows contain

only two nonzero texms per TOW, the transformation

v = 9% x § = fa x Ha...H x4 can be accomplished by operating.



10 for ﬁ@ﬁg el ements has a conpection cl[err],... o]

t he mu tllsg%;ioer 703. Each el enent jerr],a[err], . .P,Cg e?‘{/‘}n#s

out put on the correspondi ng connection c[err],... ,c[err] and
multiplied in the multiplier 703 with a correspondi ng i nput sanple
sferr], sl et 1ogn ts_iﬁ%é] on u, wherel rt‘rerf‘%""éhcoiﬁﬁn vBERQHCLE the input
s[err]*a[err], slerr]*alerr],..., s|lerr]*alerr] are 15 obt ai ned, which
forma seguepge,. which is the sumof a nunber of sequences, fromthe
set of Wl sh sequences. Qutputs u[err],u[err], . . . ,u[err] of the
mul tiplier 703 are connected to a bank of Wl sh correlators 704,

| mpl ement eledatdagie Hadamdel o H.Ordilly nheiditiondank AfbtMcdions are
correlators 704 conprises a buffer for buffering 20 sai d products
s[err]*a[ elegidledr rddcd efite Ha- ope%heéé]’b@l[%[r\}ec@@fprgiviﬁﬁea tbesll of
Hadamard Transformation is perforned on said products. For the

sequerkce n ¥ doygj haedil isher ahfagebtfractions.err]*aferr] the bank of
Wal sh correlators 704 generates N correlation values OCV[err],
., Merr . corresponding to each of N Wal sh sequences. 25 The
nent i oned stnyeRbEe dTTERRSE 61F aFraTeRent AsRAThYed in congamgdd-on

skilled in.the art, is, a nethod to. increas fficiency of
Hadamard t fo ‘Hé%%na‘?%ﬂ‘ﬂ%%sf%r"ng Ps.'ﬁ X 1096N§r fcﬁeétra}r%s"é’dlsoy ngen
Hadanar d ridint . d thdthivc s ggoted owref dde aHAGAET o TRY B Xob 3

ort hogonal t(#evaerﬁlécl)\? er rdtsv of the'r%atr??(.sume V\Du98/ 3280 ton as
20 well as REYrBHSEAM 13 &¥re perfdiamdd riow Mfopdwattdamteard matri X can
be referred to as a Wl sh sequence. A Hadamard matrix of order n
can be defined recursively as follows: Herr] = [err] 5 The Fast
Hadan't d t%sff‘%ﬁ’m’éip%itg’eeflh«?hef a%?glftarﬂa_tnu gafaPd desPreRdeTc QUERW-S
real, Symzﬁ{d'gré‘flqaiOﬂ"u){’fbégsoro%hwlcha%ﬂ'&fst!E'Squires in principle an

additional permutation of Fast Hadamard Transform outputs.

However, the amount of corresponding additional procéssing
power depends of the actual implementation. For example, if
15 despread code channels are further processed in parallel, the
hard-wired connection between despreader outputs and the rest
of the receiver can be permuted, so no additional processing

power is required.

As an example, if N=64, then 512 (0O(64)=512) operations are
20 required. Compared with 4096 (64 x 64) operations required by a
straightforward implementation, 8 times reduction of the

complexity is obtained.

The earlier described inventive method and arrangement do not
have to operate in parallel. They can of course operate serially

25 but they are then less efficient.

The embodiments described above sexrve merely as illustration and

not as limitation. It will be apparent to one ordinary skill in



Hadamard matrices contain only 1 values, no nultiplications are

requi red i'WOPB3289 ansform cal cul ati on. RBreover the number BSTI/SE97/02183 .
addi tions and subtractions required can be reduced fromn[err] to 10 n x
log[err]n, due to the fact that a Hadamard matrix of order n (Herr]y

S\En be wind emas %kﬁrt:OdklEgan:uBe§ patﬂ&;? B r 'm‘é@%, E%h i §he 1 embodimentserr]
ere 11 0 O............ .~ 0 O 1 1............

............ 1 1 1-1 0 0 % 1-1
the invention. Therefore, the invention should not be regarded

"""" eing %:imigzeii 11;5 N%t 'e@&ugi%ts Fc{e%c&Q%e'y 2 hfu%wssb?d?ﬁcf rﬁhq'xskfcetat&)m

n/ 2- rovvs con ain
transgor rngd i fdgarded Vas ﬂeefﬂd é(;ua]l ah kcopkets] thi f@ll&:@lng §eis X [erT]

can be acconplished by operating WO 98/ 33290

PCT/ SE97/ 02183 [err]n x log[err]n tines on u, where uis a col um1_
vector of the input sanpl e. Due to the structure of [efr]n
.only n additions or subtractions are- required each tine [err]n

operates on a vector, giving a total of 5 n x log[err]n additions and
subtracti ons.



The i nvenwwoessmddrod and arrangenent de§gri bed i n conjunct ipgyse97/oz188t h t he
figures-require.2 x N+ N x log[err]N operations when despreading N ~

i S assuned that multiplication as well as—permrtation are
pepmﬁmwm tions. 10 The pi ng bef TRKNSHEE " GAGi BREN hurbers of
des and ordi nal ﬁtgé-ﬂé‘? Code cm:cpmem requ res i n

principle an addl tional pernut at I on of Fas Hadamard—Transto

outputs anou of corr nd| addi |onaI proce55|n
power der}end@ d?e@hoeé ac}I u‘% r}%'t%taaﬁ ‘%ﬂﬁﬁ Sop f1r 15 (fts

code chanjglsipre ﬁm&proﬂor&ﬁm%ﬂdﬁ rwr&é&l( h)ar Okvméfé‘dsald
connection between despreader outputs and the rest d? he receiver can

be pernmutsdibcslo seqaddeei dra peartespregd by povesst | sfr@mtlhngénal Golas .an
exanple, if N=64, then 512 (((64)=512) operations are 20 required.

Conpag ed seduerds (63)x 6dicperivondeanuigakmted by Geaasghdforamrd
| npl enmentation, 8 tinmes reduction of the ~conplexity is obtained.

The ear | iaxbideeasy REAYIREEt iBvedmet hoRand arrangenent do not “have to
operate in parallel. They can of course operate serially 25 but they are

t hen Iess ef f i descrl bed above serve nerely as
I 1lustrat Ihoanra{&(]e%sed 11} tzglse :ﬁ%ﬁ&?ﬁ;ﬁ@ t% W Il be apparent to one
ordinary skill in WO 98/ 33290 22

PCT/ SE97/£)3k8% iplying hesdz}t theketepbyt dlegeARY olfe gwde dyntiBl h€equence
enbodi nment s dYSCI’I bed above w thout departing fromthe spirit and
scope of (80.5he- i nvent) oWitihedakdr arbihsarky aaduemcsholAd aqet - beay-1)

regarded . as,beipg Limited Lot he Suamles deseri bed, but shoyd

b)permuting (403) said set of products (sg*a,,s;*a;, ..., Sy ;*¥ay,)

in order to obtain a sequence (W) equal to a sum of a number

of sequences from a set of Walsh sequences;

¢)transforming said sequence (w) with a Fast Hadamard Transform

15 so as to obtain said correlation values (CV,,...,CVy,).

2. A method of despreading a symbol sequence (sSy,S;,-..-,Sy.;1) CO
obtain a number of correlation values (CV,,...,CVy,), where said
symbol sequence has been spread by a set of Orthogonal Gold

sequences (G), which have been generated by means of an

20 arbitrary sequence (ay,as,...,ay.1)
characterised in the following steps:

a)permuting (502) said symbol sequence (sg,81/+ - «185.1) s
according to a certain rule in order to obtain a permuted

version of said sequence (sg, Spir -+ - -+ Spy-1) 7

This Sheet Has Been Rera ced

R




L0 R

5 be reg bJJ e to the follow ng cl aj

What is %&%%@Ps *1°¢ LA hethod of déspreading a synboﬂ@%ﬁ?g"?@@
(s[err], s[err],..., s[err]) to obtain a nunber of correl ation val ues
(CV[err],..., CVerr]), where said synmbol sequence has been spread by a sef
of Ot haggratmiin SediancadiltParywWhsedudiore Hagnagener,al ad ,byadeansinyf an.
arbitrary sequence (al[err], aferr], ..., a[err]), conprising the follow ng.
st eps: to thy samgxuls yim@rdesntat objadheaepersuted syebelon arflierial
(s[err], iierréﬁ... S[err]) with said arbitrary sequence (aferr],
alerr],...ceBHTS) 2wy der - fo-Bbtain a set of products
(s[err],*alerr],s[err]*alerr], ..., s[err]*aferr]); b) per muti ng

sai‘d sete iy D QA 5y (Slfddy -’iﬁi-%;l@henél[ BN h’é%he%]é%}nuted %f—‘é{& JaLrEdd in

order to obtain d sequence ([err]) equal to a su a nunber of sequences
fronsa setsyfibdll skqgueguencies,, sy, - - -, €h-,) twitlst eadidn peamiut esie quereion
([err]) with a Fast Hadamard Transformto obtain said correlation val ues
(CV[err], .9f sadg] ambitrary; sequenggt hiGdo e®pordi-ndet-0 ¢l @F ntol ohligdmeidh t he
el enent - by- el enent |tiplications are perforn%g1in paral l el and't he nethod
further coRPErERSet é’)stgﬂ“%;f tRr# 0P ngta3s dMmer PhaAegIshcsHfaSidn on

sai d SynboéeéqﬁﬂeﬁgfﬁﬁS%éﬁgénceéﬂerr] ..... Slerr]). 3. A net hod
aim 1, r

according to c el n t'he el enent-by-el ement nultiplications are
perfornmed serially and the nethod further conprises buffering said synbol

sequencedfst@isfortles baid. seghentd) (W) dwithA FES O @GR dli PHahOESHRI M
1, wherein said arbitrary sequence (aferr], aferr], ..., aferr]) is a

maxifual - | engt to PPbaijyetrid comyelatiogevhdaest (@¥spr eadfVigila synbol
sequence (s[err], s[err], ...., s[err]) to obtain a nunber of correlation

val ues (LV[gr P [ err]), where.sai ynbol sequence has been
spr ead b?‘/afs&é%t%?d@?%%%#g J&)Ic&‘aslgl&u&nggg [err]), which have been
.24 generated by neans of an arbitrary sequence (a[err], a[err],... ,
aferr]), ceeppetsingednen €104t OWi ng steps:

a serial to parallel conversion is performed on said symbol
sequence (Sy,S;,.--,8y4.,) and that said element-by-element

15 multiplications is performed in parallel.
4. A method according to claims 1 and 2,
characterised in that:

a buffering of said symbol sequence (s8g,S;,...,8y.;) is performed
and that said element-by-element multiplications is performed

20 serially.
5. A method according to claims 1 and 2,
characterised in that:

said arbitrary sequence (a;,3;,..-.,3y,) is a maximal-length PN

seguence.
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a)  per my; dﬁnm ulusu ﬂ;ﬂi s[err], s[err],..., s| ]5? or di ng
to a cemf)gg’?ﬁg i ny ﬂ t H *IL azp"rérrmt ed version (sf%]?’r 9,7/05% L
s[err],....,s[err])of the synbol sequence; b) pernmuting said
arbi-trary sequence (aferr], alerr], ... , a[err]), according to the certain
rule in ofdeh hethbidaiof algsprasddtover ssybd| esdlencd e(§],.s,, ..., 858V I hp of
the arbitrary sequence; ' mul tiplying el enent-by-el enent said

c)
per rut ed YRer &b§R1Ns[2r ppmbgreqf] | code  ghappnp)isof (GHhe CBynbol » Shduekeem warh

cequence, IRECHHRG; f88e s Breha.EREb! ponata otk ehrdrokSfuRboretartea
sequencesa &1 8 3bE81n Ohn ViohSia SE€ BWIRALES 'and a . qualiratudr=2R3bRLAI Ny said
sequence ([err]) with a Fast Hadamard Transformto obtain-Said correlation

values (Cvierr], ... , CVferr]). 6. A nmet hod of despreading a first
synbob secbanaetésfised] instlkerfollowirsf estdgsi o obtain a nunber of code
channels (CHerr], CHerr], . . . , CHerr]) froman incom ng code spread

radio signal, whic¢ch is quadrature detected to ohtain an i nphase signal and
a quadr at GPETSLBRANT E8AFr LEPRGSENE LIBRLORIRPTAIASE L0 steps cihr glatmng -

sai d i nph j | .$0 j I e f es by performng

t he stepsél%%;:é{v%ﬂ tgsaﬁg%?%gg¥%39?%%%éggeé%%%éhdéﬁy%ﬁyéﬁ'n a second synbol
sequence; nultiplying the second synbol sequence el enent-by-element with an
ar bi trar ycsegataetntyo saidaiguadirbitiize Sgmell piasbeditig to steper it idl@aimhe
first set of products to obtain a first pernuted sequence that is equal to
a sum of & nﬁgﬁ§ﬁwéf¢hs§§u@h€@%ﬂfl¥ oML EREULT SRRl atdqievedstesand
transformng the first pernuted sequence with a Fast Hadamard Transform
correlatinp i.d quadrat.ur i_gnal in N-quadrature_ correl atjon
valugé byagggﬁgsni%%léhéﬂggg%g Oe?rgglggign.‘vafhé% ahd" &&08 quadrature
25 cog2BRhtAsnt h&aquadr abdeeraiggal tbo @bt adyreddtindd ngy "reading
sequence; mul tiplying the third synmbol sequence el enent-by-el enment
wi th the maebpdr atpeseyiichcbot ebbdinj $1aiag seedmdchannals pl@QPu€Hs; - - - CHy) -
pernmuting the second set of products to obtain a second pernuted sequence

that i s equal 0 sum of u rof_se nces froma set of Wl sh
sequences?'arz%“dEne © ?ékﬁé% ?é%é%? He 2EC3R 58%%%?88 ghﬁ%ﬁCé'Wf?ﬁ)aafast

Hadamard ghansd«did anchumber ofl £38EI Nthadied d NPORS TGO [ €] @l )ONE¥shues
and said quadrature correlation values according to a correspondi ng

spr eddi nginepmitg cesieewiprieato reldiei 1§ igaiad ¢ ot obh drm atuadretuaier [detEiqteds |
... , CHerr]) from,an_incom ng code spread radio.signal, which is
quadr at ur BSdEPeOPER PoBOLEPRASR T HENALCAaT (ISR SR SR e. si gnal |
wherein the first synbol sequence has been spread using a set of Othogonal

Gol d sequenges cgeraiakednUshBdrbitoRi NGt §8Yys sequence. 7. A nethod
according to claim6, wherein: Ssai d spreading nethod is Binary Phase

Shift Keying (BPSK) spreading,
correlating said inphase signal according to steps in claim 2,

therewith to obtain N inphase correlation values;

20 correlating said quadrature signal according to steps in claim

2, therewith to obtain N quadrature correlation values;

arrange said inphase correlation wvalues and said quadrature
correlation wvalues according to a corresponding spreading

method, therewith to obtain said code channels (CH,,CH,,...,CH,).

25 8. A method according to claim 6 and 7,
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%Ir—]|([jerr] ) |v¥(t)g§eﬁs§l?w?i!!mg ”HEIH%’I\E@FH ﬂﬂgsa;gggnggfr.éﬁg ie(r):]] l{/a%zs.r‘:g]”o%:” ; A

met hod according to claimé, ei*n: said spreading nethod is

Quadr aPhase Shift Keying (QPSK) spreadi ng, and t he nunber of obtained
code cha £ va rr], ... , CHerr]) is equal to half of the )
nunber of %a%%ll%]%% lélc?r%hgtdti on val ues. 9. A nmethod of despreading a
first synbol sequence (s[err], s[err],..., s[err]) to obtain a nunber of

code chang£ld 4ftéadidg ofdflsd lis Binary €hheer BhiftoReqing NERPEKIY, and
26 code spread radio signal, which is quadrature detected to obtain an

i nphase signal and a guadrat_ure signal, conprising the foll ow ng steps:
correl at i Hge sapabrRpREs ObSRdRgR cosbtaliannelisnpl{dhe Clor r el dHhdn sl e@rly

perform ng the steps of; ._Sampling.the inphase signal to obtain a
second syﬁ%o&%eﬁﬂ%ﬁ%’%;df Obtalﬁlg?inﬁﬁr 15Eé°§e§8;ﬂe§ynbol sequence
according to a first rule in order to obtain a pernuted version of the
secong sygboh mEEEdEicording RY MILIRD s2Bnar bi,trary sequence according to
the first rule in order to obtain a pernuted version of the arbitrary
sequence; mul ti plying the permuted version of the second synbol
sequence @habacher peedniredhadr:si on of the arbitrary sequence

el ement - by-element to obtain a first nultiplied sequence that is equal to a
sum of a nupber of sequences fr.oma set of WAl sh_seguences;

Cr anet or P RUR PR IEEE IS 11 LT aRDaS ER LA CrASV AR IRERE) T3 or m
correlating said quadrature signal to obtain N quadrature correlation

val ues byrRer hambkRg ot rtl@Redoicode charSRMY | Neuf, gy, quadragyr e i g1t o
obtain a third synbol sequence; pernuting the third syr?bol .sequence
accor di ngtoohal§echHnche uhwnber arfddhe obthtiaed aopeedatednveasues. of the
third synbol sequence; permuting the arbitrary sequence according to |

the second rule in order to obtain a permyted version of the arbitrar
sequifce; 10- ANy, AEBPIPRE Ehe Ofer fut gi?%;‘er s‘?%n SPEEFREMT d 3ol for

sequence Mik rgggiggrgug HYEr St Qe T 1S i@rbi tragy $edyeds€ain a number

el enent - by-ef enent to obtain a second mulYiplied sejuence that is equal to

a sum of afnumbder chasaglisencEHf, CHN a. seCHP{) Wawilereeqtieec emdeandhannels

transform ng the second nultiplied sequence with a Fast Hadamard Transform

ar r angi nghased hagrhaspread r biyat osetvabiie Oxanebgemiad ekl asageenoesel (@ ] on

val ues accor,d'hng}to a_correspondi n% spreadi ng nethod, therewith to obtain
n £, @Pﬁfg’

sai d code“BRSAndIAY CPERR SETEHRE Y meapfe G )an arbitrary sequence

15 (agray,-.-,ay.1),
characterised in that said arrangement is comprising:

means for permuting the symbol sequence (sg,S;,-.-,Sy-1)
according to a certain rule, in order to obtain a permuted

version of said sequence (S_'P°’- Sprr---e SPN_l) :

20 means for permuting the arbitrary sequence (ay,a;,...,ay7)
according to the same rule, in order to obtain a permuted

version of said sequence (agg,apy,-.-,8pw1) 7

means for multiplying element-by-element of said permuted

version of said symbol sequence (sy,Spy,.-.-/Spy-y) with said
25 permuted. version of said arbitrary sequence (8pos3pys - - - r8py-1) @S
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27 . d‘@?ﬁ b the first synbol sequence has been spre%.mga,gzﬂg,set of
IwGo dﬁg‘gq #g . -An

Ot hogona uences generated usi the arbitrary sequence. 10
arrangenent of a bank of correlators for despreading a synbol sequence
(s[err], s[err], . .. , s[err]) to obtain a nunber of code channels

(CH err] ,e&CHodualin - a. segtéEhesr |(w ) Wwhechheigode shannet s havembeen of
spread by a set of Orthogonal Gold sequence (G, which have been generated
by means ffquancedifrena swfuafcWalgheseguencess]), ..., aferr]) said

arrangenent conpri sing: means for pernuting the synbol sequence
(s[err], s[ecr], . ..., s ern?JS) ccording to certgin.ru#e i rder Lo

bt ai N Ter K VAHS] SRIIG| 2T A LehorroLAEons, B shapPefle o nhget
Sequence;Hadamar? Jﬂrw@?’,”%#é@a%f@ }Pi ££~§ﬁ¥1r=éf-‘ﬂ£ﬁ§'ces i eééé‘gence.
aferr], .. ., alerr]) according to the certain rule, in order to taln a
permuged yansitdn LM |said @okkrelation #hehek) (6f, 1 he, arRirary sequence;
means for multiplying el ement-by-el ement said pernuted version (s[err],
s[err], ..., s[err]) of the synbol sequence with said pernuted version
(a[err], dlerrpn.. arraggemehr oPft h@ ardsink argf segornebatersbt 4740h for

sequence err which is um of a nunber of sequepces froma set o
varon coqtenrEtdalig’d sinboll Beqiaed IRl of el o oPPERR oRg huRber

i mpl ement F maf @&y Teansf or er, t r r [
sequence {(§ e?’ﬁ%t%ﬁgfn@%ﬁ% C(r)%"é:tgﬂbn gg?‘bégp(é@{gg%r]??.é. %Bﬁéé\)/[ g??%‘els
11. An g t a f r gleat es di ol A&
sequenceal?é?@err , s[gélrr?a,\@. B§% % er‘ra )t%%ﬁ%%%ﬁa ﬁéggersg %(1:% (%bc %%ﬁel S
(CH mor] ,wkith. haveCHikenr |genesherd tihe oaedeschafinains dacvitieen spreadcby a
set of Othogonal Gold sequences (G, which have been generated by neans of

an arbi tr &y Jequen@e-Yaferr], alerr], . .. , a[err]), said arrangenent
conpri si ng: - means for multiplying el enent-by-el enent said synbol
sequence r r r I quence
(aferr], é?%?é?%e?§%gﬁ,l%[%???)§%§§(é£€§%§%?€§§(%ﬁiﬁﬁﬁg;}§¥g§?S[err]*a,
s[err]*alerr], ...,s[err]*aferr]); .

28 mearanfotromupelplying skinkrsetbofelmnettctcst (ssiek Elytdodr seguence
s[err]*aferr],...,s[err]*alerr]) _according to a certain rule, in order to

obtain a $Egunce -([Forr’] Wik ERI% arRUFINY ST of 2edguencedsil onPE

set Val sh nges;.a t, J east e bank _of | sh correl ators,
i npl g‘%ent lég 8%@%5! a%t gﬁgdgga?ﬁo%%%% %%“rr%r",’sg%éf ébl'ést"d*%(\’?éﬁéf orm sai d
sequences ([err]) to obtain correlation values (CV[err], ....,CV[err]).

means for permuting said set of products (sy*a,,s;*a;,...,Sy.1%¥ay.
1) according to a certain rule, in order to obtain a sequence

(w) which is the sum of a number of Sequences from a set of

Walsh sequences;

20 at least one bank of Walsh correlators, implemented as Fast
Hadamard Transformer, operable to transforming said sequences

(w) to obtain said correlation values (CV,,...,CVy,).

[
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