WD 98/ 32246 PCT/ US97/ 22371

METHOD AND - SYSTEM FOR PARALLEL DEMODULATI ON OF MULTI PLE
CH.PS OF A GhlylsSAelAL ' Field of therTmsymsTion
The present i-nvention is related in general to digital 5 .

comuni cation systens, and nore particularly to an inproved nethod and

system for sinul yEEIOD YANDSYSTEMFOH (PARALKIERSs DEMODULATION OF
division multiple access ( Backgr ound

CDVR)_ si gnal,. :

of the Invention - M@b&éﬁh&@éﬁ%nﬁ’ﬁmﬁﬂ%ﬁ%ﬁ%@%to any
nodul ati on schenme that 10 produces a spectrumfor the transmtted signal
much wi der than the - bandwi dt'h. of the information being transmtted

i ndependently of the i nf or mat iFdﬁl‘bé_?sfr F'P@ lﬁ"@rﬂ’é!‘?n Spread spectrum
nodul ati on has recenhy ' e ' kOl el bull agekaIunioC atdi
systens, such as the%gi?gﬁsep‘? qn?%ﬁﬁt?hgrq%onéﬁﬁegat :ngnggsys_terrgotch?tlgﬂal
conply witlg Tel gg@inuifiicationosysteins, anddnaireypdrtimiadyitorar( inprovedemethod

Standard (1S) 95. -+ The 1S'95 system has been desjigned to replace

a number of exi andgystem forasigndipnequsly o em@a{]'ﬁaenanmqulﬁg tﬁ“ﬁss‘?{nﬁl‘ép €

di rect Sequence (V:DMA " LeL ¢ L1 nodul ati on nmet hods have been
enpl oyed in theCll 1sx-on W&gregﬁﬁeﬁé (%éhn@bi | e) and the reverse |link

(rmobi | e-to- base), 20 al t hough both |inks are spread at a 1.2288-Mhips/s

rate, thereby permtting | t. u ane bandw dth. The
forward |ink enpl oys cohe%&%%ﬁt&%ﬁﬁ&%‘fﬁﬁ@?ﬁon. The reverse

li nk enpl oys nSpréad 8petrufiv o diilatiohdrifesiuicahpmodulation schemerthate

nobi l e transmtter of “the reverse link, the speech.coder 2 Qut i S
supplied t® a r predures sospactzimt forethe Hransrotied u&lga#amugh W“gﬁgg%@. thee

tput of th | ut,l | i i . .
S8t "ot 11 R o o SR e Fpenty 1 he
synbol s are t heinfdrtdticipearifigi Bignal.64Sprreadospéctemiv imaddlativrorhas recently

been used in digital cellular communication systems, such as the digital

cellular communications systems that comply with Telecommunications
15 Industry Association (TiA) Interim Standard (IS) 95.

The IS-95 system has been designed to replace a number of existing
analog cellular radio channels with a single direct sequence CDMA
carrier. Asymmetric modulation methods have been employed in the
forward link (base-to-mobile) and the reverse link (mobile-to-base),

- although both links are spread at a 1.2288-Mchips/s rate, thereby
permitting both links to occupy the same bandwidth. The forward link
employs coherent modulation/demodulation. The reverse link employs
non-coherent modulation/demodulation. |

" In the mobile transmitter of the reverse link, the speech coder

25 output is 's'upplied to a rate-1/3 constraint-length-9 convolutional

encoder. The output of the convolutional encoder is then applied to a 32

x 18 block interleaver of length 576 symbols. The coded, interleaved
symbols are then block coded using a 64-afy orthogonal modulator.

At the output of the 64-ary modulation process, the symbol rate is

®  288ksym/sx64/6 = 307.2 k-Walsh Chips/s. The coded symbol stream is
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At the output of the 64-ary nodul ati on process, the synbol rate is 30
28.8 ksym's x 64/6 = 307.2 k-Wal sh Chi ps/s. The coded synbol streamis
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then spread™h®4anbl ed by nixing a masked 1.2288- Mchips/s long co
(period 2[err] 1) froma | ong-code generator. This nmasked | ong code may

-al so be referr to .as. g user_code .qr ' -

G 1 erent | af s then SpreadEatd Srampfddn BRBR & MRipGA 2R RS pL s Jong code

spread further (?&‘l‘iéd 242 SV ¥dANE Qotsg-tod @ 'gendrator! Fhidainaskéd dengi code may
Wo S

gquadature with hort - | ength (period 2[err]). sequences, The,
resul ting quadalse be éfarned! to asrapusercgede or subsspiber gode basausert diffeyentiates

modul ator for /O filtering apd for mmxin 1otk L

frequency. the SIgI_‘al Q\k °?'ﬁepr8£ ea%qqh‘ﬁ*‘o%w#hgapeﬁg”%gdI{lsgisgg%ﬁ%{fg%ei by
initially QGSDVS%QIM&Bu%%}E sﬁ?eadingq:ﬁdadatﬁﬁsti'ﬁiﬂtih qlbdafdreFithe gwonsteort-
The resulting signal 1s then furtheér despread/'descranbpled with the
| ong user code lemgibr Eerindhdhpequantes.o The resultipg- gugdatyre chansels are then

o art U L o SRR SRRy AR SR 3 g

Rake denmodul at QpSheSSiitbue catrié u .conpl ete denodul ator 15 circuit
for each user, ang pretera l‘:ﬁg%ltlo al denodul ators for ‘

denodul ati ng fi nger sAt the base statioh, theyredeived sigmalb iscinitially despreasdywiithrthe

be referred to as a.co of . t : signal ,~which is usual hy. r [

| at ﬁr in 9 me r‘gile‘\% %r?gggﬁﬁﬁpﬁﬁce&elE’i’effﬁm&élm%’ma&% ng‘g her
path. 20 o oupl | . bbf liod

t hr oughput of despkf&t Ee sgir'l ai Ie?}Iespr eadi }%ﬁ%r‘%hi tgglégérée!bli'eg Iélmrgl thgg gahtghz

! ncom;jng data réd-ary correlatuhihdh the pyiorcant) jyraditionak IS-90aRake demodatatossd
In order to incgease ) t,hr oughput . Therefgre, it .would e | e e
to have a new 5espre%%é§$@& data 5%‘@&!?‘7’%?5&?@? i‘?&fn@ﬁ‘%\fg@ﬁi\@' a@i%reégg'
circuitry to onsfigt Grt Rake demodulators require at least one complete demodulator

15 circuit for each user, and preferably additional demodulators for

demodulating fingers, or multipath signals, from each user. A finger may

" be referred to as a copy of the CDMA signal, which is usually received
later in time because of the propagation delay traveling over a longer
path. _ ' _

20 In addition to duplicating demodulator circuitry, the throughput of
the serial despreading architecture is limited by the incoming data rate,
which is typically fixed and cannot be increased in order to increase
throughput. Therefore, it would be desirable to have a new
demodulation architecture that allowed the despread circuitry to operate

25 at a rate faster than the incoming data rate, which increases data
throughput. .

As shown in Fig. 1 and mentioned above, this serial CDMA
demodulation architecture requires many copies of the demodulator and
decoder circuits in order to demodulate signals from multiple system

') users. As depicted, digital wireless communications system 20 receives

CDMA signals from subscribers 22 and 24. Subscriber 22 transmits'signal
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25 at arate faster than the incom ng data rate, which increases data
t hr oughput . | As shown in Fig. 1 and nentioned above, this

serial CDVA_; emodul ation architecture requires many copeEgsdfaiAac
; : . . - 2 .
derodul at or "%9.88'32“‘(1 decoder circuits in order to denodul ate signals from

mul tipl (23 system 30 users. As depicted, digital wreless comrunications
system 20 recei yes o i gnal §- fr.om rhber a o
Subscri ber 22 t‘&a?&‘?‘dsf‘?sgi‘ﬁﬂ'a&"‘ Yrahsmits szgnaf%sﬁot'h O Swhfci ']ft‘e%%cexved b_y2_
WD 98/ 32246 arntgﬁr\:a 26. Subscriber 22 is depicted closer.to antenna 28CHHd¥SSUbscber

A and subscri be transmts signal B, both of which are received by
antenna 26. Sutdr This ni@irissthigpa-ftasne,con group of symbols, irssignab A WEVes Rl

24. This neans that a-frame, or oup of. synbal s, in, si A L\es. a
antenna 26 soorRiMeNRan zéa fSOMET ¢ FhAR iy (frgme; r'%ﬁ‘:‘s‘gi}ﬁ%%??%lép Zsj.{ﬂsgﬁsﬁr 24.
Mor eover, - sign ' I ; ' 4% in time. From

ant enna 26,§ th%@ﬁ%?%@n%&ﬁgglﬁégﬂaﬁgycgﬁﬁl%ntlglme recei ver 28,
whi ch renpves the raBiemf anterena y 26 athe eradioodresjugnay ssignals areaggupled to

The out put of recejver 28 is .then converted. rqom an anal og signal 1 t a
digital signal renwen 283nwhich rempves, ﬂiraﬁf%gr%e&cgt%gﬁf Pghtmgnals a2
fromA/ D convermvélBBO i ncl udes t-he information contained in both signal

A and signal B, ich are separated from one another by different user
codes. . . Theaoutput cofl receive 28/ist then dofivented frony apoanalog signal

form e rardigital signal by A/D Wonverte? 4t7° THe Qg ada’s SO bR
from A/D converter 30 includes the information contained in both signal
A and signal B, which are separated from one another by different user
codes. ; S '

In a typical IS-95 system, A/D converter 30 uses a 4-bit output to

15 represent a range of values in offset‘Z's compliment form. Also, typical
15-95 systems use dual A/D converters 30 — one for an I channel and one
for a Q channel. Demodulatdrs 32 use selected user codes to separate the
CDMA signals from each other, and decoders 38 decode the encoded
symbols to recover subscriber data. ' |

20 In the prior art, demodulators 32 muiltiply the output samples of
A/D converter 30 by a precisely synchronized replica of the user code 34
which was originally used to spread the subscriber’s data.  This
multiplication'of the incoming samples by a user code is done serially,
signal sample-by-signal sample, to prodﬁce despread samples which

25 represent a despread signal.

To support diversity reception, or reception of multipath signals,
each user may be allocated several demodulators 32 in order to recover all
received signal energy from a particular subscriber. In the prior art, four
demodulator circuits are allocated to each subscriber to form a 4-branch,

30 or 4-finger, Rake receiver at the base station of the digital cellular system.

In FIG. 1, multiple demodulator circuits are shown, each receiving a user



| S-95 systens use dual A/ D converters 30- one for an | channel and one
for a Q channel. Denodul ators 32 use sel ected user codes to separate the
CDMA si gnals. from each other, and decoders 38 decode the encoded

synbol s to WEesARdGsuUbscri ber data. 20 In the prior P&A{US97/22371
denodul ators 32 nmultiply the output sanples of A/ D converter 30 by a
preci sely synchroni-zed replica of the user code 34 : whi ch was

originally usecbde OSpa eiaaiayede coppsef the ruser deade, anr}.,egch havirgg)| an ARipati on

~of the incomng s es a u

sanpl e- by- si gn‘g‘? @s"ﬁﬁf’ @%?%égc‘&ﬂg‘%%aagggggetﬁg é\%"e&yﬁlfm.ér‘glic%?éedsent a
despread si gnagach fmger of the RhReStéeRiVer. dmaréutputéecﬁmhe osumererse86pdreon
of multipath signals, each user nay be al l'ocat ed several

dermodul at or s 3Qompledrtdeiecpderse&8)whlcbl decode encodedesyrabolsi fjﬁm SHAMNGYS 1360 m
a particular subscriper. In the prior i, r rquits
are alloclted t® c§ub‘§§‘f'| HF t8al|né) r4qﬁF5ngﬂta 306%@ a#él)nrélg ake
receiver at thinpsRettfed bya @nvdlatiohal &ééodé@l Ludlks ayViterbi decoder. In FI G
1, multiple denodul ator ciTcuits are shown, each receiving a user

- 3 - WO 987[‘31?134©ne dlsadvantage in. the prior art is the large number of

havi ng an out poplicated S5y Fodixet T pEPRs e mintiTedRBe BTG for.
ener gy denodul a%gﬁ stiBscriber. &ﬁ&ihefr' asadvaht qmmeaﬂeas thRl FiDgErB L6 £

of the summers coupl ed to decoders 38 h decode encoded
synmbol s fwom stherdtake?,ﬁedélver fave [permanentlyerallosated ¢anm partionlars subseai

Decoder 38 nay e nte by a convol uti naI S
Decoder 36 ™Y 1heetoe, 1 BReRSEAS oL RS0 e SR, R Aler g,

l'arge nunber O?mgers and another subscnber does not need all. of its allocated fingers,

eurplus, fingers from one subscriber may not be allocated to another
subscriber needing additional fingers.

15 Therefore, a need exists for an improved method and system for
demodulating a code division multiple access signal which permits
reallocation of demodulation resources and reduces the circuitry required

to demodulate CDMA from one or more subscribers.

Brief Description of the Drawings
20 The novel features believed characteristic of the invention are set
forth in the appended claims. The invention itself, however, as well as a
preferred mode of use, further objects, and advantages thereof, will best be
understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the
25 accompanying drawings, wherein:

FIG. 1 depicts a digital communication system having code
division multiple access (CDMA) demodulators and decoders according to
the prior art; |

FIG. 2 is a high-level block diagram illustrating the CDMA

2 demodulator/decoder architecture in accordance with the method and

system of the p’reéent invention;



duplicated circuitry required to provide the nulti-finger Rake receiver for
each subscriber. Another disadvantage in the prior art is that fingers of

10 .. the Rakgoogseiq¢er are permanently allocated to a parti cubgiuserr2i7

subscri ber. Therefore, if one subscriber requires nore than the fixed
nunber of fingers and anot her subscriber does not need alL of its

al located fingers, FIG. 3sigr®lmére fdétgiled bloek digranbsoir 'tktnarCDMAngtarbnel
al |l ocated to anot her subscri ber needing additional fingers

.. 15
Therefore, a nedemedudatorfisr acgerdanes vegh nhenmethad apdisystemrof the present
denodul ating a i%gge g‘leﬁ{l sion multiple access signal which perm't's
real | ocati on of eqﬂ}' ation resources and reduces-the circuitry required
to denmodul ate COVA fFI®) #i€a porédétafed bl6¢kedy diagram of a Farallel despread and

Brief Description of the Draw ngs 20 - The novel Teatures Delieved
characteri 8ti c dtiptidegration function incaccordance writhy the metheg pandi systemi ofs .
The invention iéhself however,. as well as a preferred node of use,
further objects, ?aRHésa?&@ a’h‘t"&&&?_"r hereof, wi'll best be under st ood by
reference to the fol frwi 94 _ﬂeﬂigh!-leéelj_% icl fidwOehdit vakich illustﬂa'té$l$lﬁé?}:§ﬁo\ééss
embodi ment when read in conjuncCtion with the 25 acconpanyi ng draw ngs,
wher ei n. of loading. a sathple chuffer wigh tsignalosamplesin acco weith rhe
code di vi si an | tj ple acc CDMA), denodul at ors and decoders
according to me%‘?ﬂué"“;dr gﬁ&eﬁ‘r p?iﬁe%reseﬂt m"eﬂguen'z_ is a high-1evel block

di agram iljpustrati ”QH@.EGWdﬁ%h-lev@P%é Aow/ Qﬁﬁﬁdaégig{tﬁ@ ¥Re! pfécess of

accordance with the nethod an system of the pres I'nventton;
- 4- WO sarezingofor a user signal in accordance with the method of the present
PCT/ US97/ 22371 , .
invention; and _

FIG. 7 is a high-level logic flow chart which illustrates the method
and system for demodulating and decoding a user signal in accordance

15 with the method and system of the present invention.

Detailed Description of the Invention
With reference now to the figures, and in particular with reference
to FIG. 2, there is depicted portions of a digital wireless communication
system in accordance with the present invention. As is shown,
2 subscribers 22 and 24 transmit CDMA signals A and B, respectively, which
are received by antenna 26. In a direct sequence code division multiple
access system, signals A and B are simultaneously transmitted on the
same frequency, and the information’ carried by signals A and B are
separated by a user code which is used to spread the information at the
- transmitters,
CDMA"signals A and B each contain groups of symbols that make
up a frame of data. Frames of data in signals A and B arrive at antenna 26
at the same rate, but may not arrive in phase with one another. As
shown in FIG. 2, subscriber 22 may be closer to antenna 26 than subscriber
<] 24, which may or may not cause Walsh symbol boundaries in signéls A
and B to overlap. '
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FIG 3 is a nore detail ed bl ock diagram of the CDVA parall el

denodul ator in accordance with the nmethod and system of the present, )

i nvention;.. - FIG 4 is a nore detailed bl ocked dia .
paral | el de¥R%533246nd 5 chip integration function in acco?ggﬁ}csg;lzv?% t he
met hod and system of the present invention; FIG 5is a

hi gh-1evel logic flgws¢c . Lch: | t r ; ¢ NQ
a sanple buffer w t#agf(gﬁéhu\séglﬁ% F@%lﬁﬂglﬁoﬁgﬁﬁﬁ 2\?\& #&ec?%g led to ré)éneéit,ﬂﬁgg'and
system of the @iedeYemovestheradid frequency cartier ffoirs the hioghposite CDMAC

flow chart depicting the process of searching for a user -signal in
accor dance wi t signabtorfommn @ncanaleg beseband signal. j nvention: and

FIG 7 i hi gh- | | .l oaig fl t 7 AV '
End syst em for Cdenobiir FRaos, dO R (D] bonvelit’ 30°SarhBlesthe Odnalog
with the gethogasubdndysigRal id bhgpusesdigital basebarmhsignal which is then stored

Det ai | ed Description of “the Invention Wth reference now é_% t he
figures, and iin pampledbuffenis2h rfapeafarred embediment, such as i jan I5-95

depi cted portigns, gf Lgital wrel i ' N6l
accor dance w talgl ifi’é’gaﬁt“%’ﬂwﬂ‘?%ﬁsﬁ ﬁ%sﬁz\i?n?g%e’te’s U%Qslzér ﬁ{?gﬁésr le!
and 24 transni &aeé]im@o?i ?ﬁﬁﬁaﬂihl basebasdidath\to digiel basebandidata at a
received by antenna 26. In a dfrect Sequence code division nultiﬁ

| e '
access syst em rategnaexcess ofdthe chip rateuof 3228 Mchins/snsRrefexably analog

same frequency, and the information' .carri i

separ at ed™®by abmgn IS gVeraan 5§'t Be%p%éﬁfgﬁ%?rsﬁ%g? grﬁ%’t fhe,c
transmtters. samples producedMPA/D@BhverteRBU tiay alsd &gﬁéﬁm campleotata
synbol s that make up a franme of data. Franmes of data jn signals A and

B arrive at ansteam eensisting of andeQsxcomppaents. hin oneyembodimente the, I ame o

with one another. As sho in FlLG bscr | e el.asgR. 4 0

antenna 26 thaﬁ SOPRINBUF Igﬁy\l\g"zﬁ?mﬁﬂil@h%ﬂéﬁéﬁﬁ %@qéﬁc@?é%@réﬁ‘ g'})rlr%ol

boundaries in syl Nofe that any stléttéd is2oGp Ol sanples stored in sample buffer 52
15 may carry information belonging to more than one user.

With regard to the size of sample buffer 52, sample buffer 52 is

preferably large enough to store a number of samples from A/D converter
30 that represent at least one Walsh symbol. If a larger sample buffer 52
having space to store samples representing say three Walsh symbols is
20 used, different users having a round trip delay equal to two Walsh
symbol periods may be accommodated in the same sample bulffer.
Accommodating the delay of two Walsh symbols i:ﬁplies a very large cell
area. If smaller cells are used, sample buffer 52 maybe smaller. A sample
buffer large enough to store more than three Walsh symbols worth of
25 samples allows double buffering techniques to be used for storing a next
group of CDMA signal samples while a previous group of samples is

being demodulated.
After digital baseband samples are stored in sample buffer 52,
addressing means 54 addresses or selects a range of samples that represent
2  aplurality of chips from a particulair user. Addressing means 54 recalls

such a range of samples beginning at any sample in sample buffer 52.
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Radi o frequency signals fromantenna 26 are coupled to receiver 28,

whi ch renov %ﬁzﬁdl o frequency carrier fromthe conposite %597,22371

signal to fo al og baseband signal. Next, anal og

digital (AD) converter 30 sarrpl es the analog 5 baseband si gnal and

out puts a d| gi tg&iﬁ aseb nal c ' anpl

buffer 52. Pe‘?e??g’ji cﬂ‘ﬁ%ﬂ% 9%uc§:hltlélte%oﬁ"% %?esdQEY s})rﬁlb&dggl ﬁaa]me
cel lul ar com‘runbgahugale%yst em A/D converter 30 is preferably capabl e

of converting anal og baseband data to_digital baseband data at a

in excess of the Chl Fheat euiprut1 . of2 addyessings merns e F4Abis/, C‘P‘hléleéna‘loogi’i@nd

caml 65 pr odueeeRPRIBaL R eEpieliRodaEr PY cdRef addhgh dFShmpfes and

stream congl sti ggspfeadsdfte Fask Sairpled ﬁnoﬁefﬁﬁél%\%l: Ggéi:atxérhetd produce a
ni bbl e

Q conponents nay stored in upper "and | owe of an 8-Dbit

word. Note that p&m;alxtylafcd@prgmapmprlesaﬁmeedespreaééamplsampee,thanf integrated 5

DT 1) LIS B e B RE ot o e

preferably large enoqﬁ alPrefé?ed émbodifient/ p%itméleaehksu&m& FH e to
30 that represent at |east one Wal sh synbol. a |larger sanple buffer 52°

havi ng space t oimiplemendniives mede!eseﬁtope;atlay tr @ sesichh m9dbo|a9d| a aer
used, different havi n del equal .to two sh

synbol per ©ods ﬁfﬂ“‘%‘i Mﬁ@? egﬂ? %ﬁgg Perafing épode is*ontrolled
Accormodat i ng t lpg Eﬁ%'cﬁycdﬁtrélv‘& VVRén swhq{ss_r 'd&hb&ﬁla%dfﬁ Wo&érﬁﬁxd@kbntrol

area. If smaller’cells are used, sanple buffer maybe snal ler. A sanpl e
buffer |arge en&ghaycsdeduke the demaﬂuhhnamﬂMngnglstﬂbm mnltﬁplafusgs In

sanpl es al |l ows bIe buferl to be us r_stonip X
group of CDMA SI §|ré§° |‘Tq§‘ &pggﬁ%ﬁgnlﬂeﬁuﬁ’ t g txg 25K the
parallel demodulator performs. -
15 Mode control 58 controls address multiplexer 60, which selects both '

a buffer address and user code selection data from either searcher 62 or

user list 64. A buffer address output from address multiplexer 60 is
coupled to addressing means 54 for providing a sample buffer address.
User code selection output data from address multiplexer 60 is coupled to

20 code selector 66 for selecting one of a plurality of user codes 68.
Searcher 62 is used to scan sample buffer 52 to locate a coded user
channel. Therefore, searcher 62 provides both a buffer address and user
code selection data to addressing means 54 and che selector 66,
respectively, when mode control 58 is set to a search mode. In order to
25 find a coded user channel, searcher 62 receives input from parallel
demodulator. 56. Such an input is averaged over a period of time, or over
a number of Walsh symbols, and compared with an energy threshold
level to determine whether or not a user’'s CDMA signal, which is spread
with a particular user code, is present at the particular address or offset in

2 the sample buffer, and correlates with the selected user code.



bei ng denodul at ed. After digital baseband sanples are stored

I n sanple buffer 52, addressi ng means 54 addresses or selects a
range of sanples t hat represent 30 a plurality of chips froma )
parti cul ar Wex98/32246dr essi ng means 54 recal | s such a rgFFQ‘EJSSY’”QZﬂTpI es
begi nning at any sanple in sanple buffer 52.

- 6- WD 98/ 32246

Pchr{) U|S_97/ 2 f2371 Whenasearcher 63 bas drjermined ghat @ vger sigral i peesesy-
S ol or
s 54 i s cosptiher $2INGRE, Both a buffer addrestD £l Ribr Shae SRlcREEN Aara

56 receives a mangmiek a&a_raed)ﬁa BOGser list @Sp’l['heféfofé)eusanbst 64 stowes| lsffen a

paral l el operation to produce a plurality of despre | es. The
despread sanpl @ddzesses handi Nﬁ@@r cads selec'non ndatapépél Pyl r §Y tgm { ysers.

Grmbodi ment®  parsddisiorallyo o iber st 4°fhel! BERiseq to store buffer Bl 080

operation - a sfaf @Bd@%él%cﬁaﬂ it fotGnultijsl 2§ fmneanlrd?stéiheuml adoten
of the operating node is controlled by npde control Vt}gnln a
@ s¢

user denodul at ithat fm‘déxe smusemteach ger “SSS thawammwar €o heBudaia; on

det er i ﬁgﬁ”%zt vhF R Y38 different oftsff ¥ bREE SadiBAE TROAADISO5
15 steRh! ﬂc& u§8r Qeabrs@xéctﬁsm da%s niay beph deng 66de whask wsedetd s

bot h a bu fer address and user code selection data from either
sear cher 6@ or mask thmlnng code generatc!buﬁn@n altermate emhosiimentotheyaersede

mul ti pl exer 60 j co d g nmeans 54 for providing a
sanpl e buffer & n datd mgy%e actudl deitd] p g

Accordmg to an important aspect of the present invention, fingers
for each subscriber may be dynamically allocated and reallocated according
to the number of fingers needed by each subscriber by managing the data

15 entries in user list 64. In contrast, many prior art embodiments use a
fixed number of fingers per subscriber. The number of entries in user list
64 is limited by the ability of parallel demodulator 56 to keep up with the
new samples being loaded into sample buffer 52 and the need to share
demodulator cycles with searcher 62. Managing data entries in user list 64

20 may be referred to as allocating demodulation resources, where the
resource is a number of demodulator cycles per second, or an equivalent
measure of a proportion of the demodulator bandwidth.

In th_e user data demodulation mode, the output of demodulator 56
is selectively routed to user frame buffers 74 by symbol router 76. User

25 frame buffers 74 collect an entire 20ms frame of symbols, and may be used
to deinterleave symbols in an IS-95 system. Note that the number of
symbols in frame buffer 74 is determined in part by the type of decoder
selected.

Decoder 78 receives deinterleaved symbols from the user frame

) buffers 74 via frame multiplexer 80. Decoder 78 may be implemented

with a soft-decision Viterbi decoder. Note thata 'sihgle decoder 78 may be"



User code selection output data fromaddress multiplexer 60 is coupled to
20 code selector 66 for selecting one of a plurality of user codes 68.
Searcher 628 okisPdet 0 scan sanple buffer 52 to | ocate a codegctyogsr22371
channel . Theret’ore searcher 62 provides both a buffer address and user
code selection data to addressi ng neans 54 and code sel ector 66,
respectively, Vﬂlﬁﬂedﬂﬂﬁnﬁﬂﬂb 16| ude®s iifi s dréhite@é,C AndDf@me M@ltiplexéo 805
find a coded user channel, Searcher 62 receives input from parallel
denodul at or 56. scsednlemthmpae of $his, deeorler reseurce. pﬁ@taaeutput lecoder 78 is

a nunber of Wal S g e

| evel to deter %2;3?‘#3? og&pﬁﬁﬁﬁ&% dqi’“g{acﬂ%htegr%% pawv}ﬂ ?&%gtsprgﬁ 82
with a parti Culﬁ\ra e fesent Giset aflf Af@as ddmpitePfdadable data) & éfcddet vhiceet
in 30 the sa e buffer, and correlates with the sel ected user code.

-7 - 3ghirh may be converted to audible speech by a speech decoder.

PCT/ U897/22371 n s has det.ern t hat a use
signal is present, Ihe V?E‘éh‘cﬁs‘f’o%? %}586%“}3 I%E?fVF aﬂbcf %M
user code sel eCVit@fbidﬁ{ 3967 in aﬂQartiMB Ehtitled S‘Bﬁﬁd Boundse for de%‘lutmnal

Therefore, user l1st 64 stores buff addresses and user code

sel egt i on gat a G_'?desndxtd]: ]Eme Apymptohsdg)s %hmumtduecodmg y&lgmléhrl:u "stIEEE

ma e use (6] ore u er €S er, CQ ecC a
Y tor it pl T eRsaehdns g iafqt"gﬂ?% WRY. Yok S35 ASRE 308755, Raliol.
user, eachofingphe UWIESri gt&g.set 2 eéalaﬂdﬁngeiméas‘e&edammuamy, shidistapge)

flnger has a different uffer address. In an | S system
t he user code shétmc&emﬂledmcemdysxgnahalt(tuge(tpdadmikloftthedrelhsjphﬂls enderinghe
| ong code gener atc%r a

stake af tlmtl. tter'fﬁe %1%1 da'tggﬁ t?eem?)%g; ﬁ::om consideration
those trellis paths that cannot possibly be candidates for the maximum

likelihood choice. When two paths enter the same state, the one having

- 15 the best metric is chosen; this path is called the surviving path. Note that
the goal of selecting the optimum path can be expressed equivalently, as
choosing the code word with the maximum likelihood metric, or as
choosing the code word with the minimum distance metric.

Although FIG. 2 illustrates an embodiment of the invention used

20 to implement an IS-95 digital wireless communication system, those
persons skilled in the art should recognize that parallel demodulator 56
" may directly output user voice or data bits, in which case router 76 would
send user data directly to output buffers 82 rather than use frame buffers
74 to buffer data for decoder 78. In other words, decoder 78 is not required
25 in some embodiments of the present invention.

With - reference now to FIG. 3, there is depicted a block diagram of
parallel demodulator 56, which is shown in FIG. 2, according to the
method and system of the present invention. As shown, parallel

- demodulator 56 includes parallel despreader 100, which receives a block
<) of santples 102 and a block of user code 104 as inputs and produces

despread samples. Sample block 102 includes a number of signal samples



sel ection data may be actual code bits. According to an
| nportant aspect of the present invention, fingers for each

subscri ber.. b ynam cal ly allocated and real |l ocated accord] ' to
t he nunber @?ﬁ'ﬁé&s needed by each subscriber by managi ng f%ﬂ%ﬂ‘ﬁ .
entries in user list 64. In contrast, many prior art enbodi nents use a
fixed nunber ofy fi cri.her. 1£8S o ISt
64" 15 imted BAtoRereit ingpROChR in 218l Babetbin EEN slohe Sebn o) .

new sanpl es bepagidlﬂaﬂadei-,nto sanpl e buffer 52 and the need to share
denodul ator cycles wth searcher 62. Managing data entries in user |ist 64
20 may be ref er r &Fcording to an imporiang @spech of thenprasent inventiqh.e paraliel

resource is a re P i

reasur o of a pPERRERet 16 UREMAHR i atael NS R AR Bt sBinpeh B dinEhint
user datasdenpgidrat tieth e chip€o |t pasticeladeigetlul B{ @neSembodimert of the
selectively routed to user franme buffers 74 by synbol router 76. User 25

frame buffers preseptiinventioncatnumbenaf signalesamplas that yepresentopenWalshy
to deinterl eav ols.in an | S-95 syst that th er 0f

synbols in fra%grf gspnh qae dg?.eerr nﬁé&d%{gn %%pﬁe%@ ep%%gggf a@coﬁg}er
sel ect ed. embodiment¥; Nel’8espreqter 100 ¢hay del wddefd duspread of nambéie
user frame 30 buffers 74 via franme nmultipl eXer 80. Decodér 78 may be -

i npl emented  of chipsi that zepresentia postion, say engieighthuoefa Walsh symbol fromy| e

decoder 73 may WO 98/.32246 . . .
PCT/ USo7/ B2 1oRE user. Jf orl{ A ROTHIY oF a,syrobpL it despread. iy paraliel, mmultigle
frame nultipl egﬁfalﬁ-ﬂ despreadinigedpbitioriscats Gséd tohdéspiead deeompiere’ Walshat a
out put by decoder 78 is . then routed to output buffers 82"via router
84. Data in ousymbobuflf amortion of a symlyol ispdespaead,as correéspendinghpestion of

COMpUL 1 1202 531085 FRACHTANPLES ocendit RopllaingBpelliudi™ |

After parallel despreader 100 produces despread samples, such

15 despread samples are input into parallel chip integrator 106. Parallel chip
integrator 106 sums energy from each despread sample to produce
multiple Walsh chips of a Walsh symbol as an output. In an IS-95
system, there are 64 Walsh chips in a Walsh symbol.

In a non-M-ary embodiment of the present invention, the output

20 of paraliel chip integrator 106 may be a synibol.

To convert the Walsh chips into a Walsh symbol, Walsh chips
from parallel integrator 106 are transferred into an optional fast
Hadamard transform (FHT) 108. For more information regarding the
implementation of a fast Hadamard transform, see Chapter 9 of

25 Introduction to Spread Spectrum Communications, published by Prentice
Hall, 1995. -

Coupled to the output of the optional fast Hadamard transform 108
is symbol estimator 110. The function of symbol estimator 110 is to
estimate or decide which one of the 64 Walsh symbols was actually

% transmitted by the subscriber and output soft 64-ary modulation symbol

— 10 —



The Viterbi decoding algorithmwas di scovered and anal yzed by
Viterbi in 1967 in an article entitled "Error Bounds for Convol uti onal

COqu ahq a&,@;&%gt ically Optimum Decoding Algorithm" | EEprmsemsn
Transactions on T'ntormation Theory, Vol. IT13, April 1967, pp. 260-269. 10

‘tl)'he al gorithminvol ves calculating a neasure of simlarity, or distance,
et ween the 1 eqg) afia) 8gh15s st b Edoodickyshbon! Shbil eltinatorthe
entering ‘ﬁ%’a‘g’g@* g?ghgﬁagtslér% elrgr T_ci?ed%% t}?r‘b(i) al gorithmrenoves
from consi der.aandFHT 108 aterpmited: bhiy with M-aryanodulation gpstemisi y be
candi dates for the npaxinmm

the same state, t he'W#@ H&fﬂrﬁBCQS‘OIVi"h%Lizﬁgg& hcijFicgs' fl\é\gﬁ%‘igﬂ%ﬁh?ﬁgﬁ%&l S
cal led the sur !,Ré’%&;&gg&ﬂx o?"gﬁg a1allel d greatg?g%ﬁi cﬁfé)hiﬁie%%t'iﬁﬁ hiection

optimum path c ! ressed éedui val ent oosi'ng the code
word with ¢ he phthaumetidd dritbsystent of the present inventiorhod¥iraljel idesprrasier

dwith th I Ni di st i.C. -
ZIVIOIr _us}[er at es ?m Wﬁgﬁg H‘éﬂgﬁﬁ he fupgtions oﬂﬁp@ﬁﬁrgﬁ%ﬁdéﬂt@é&@;
igital wrel eginCo | { Ol : | duhfh
art should rec g@ﬂl %Wﬁﬁ&%%‘a%’ﬂﬁ%@%%ﬁ?ﬁg olrng'gc' REAE rqrgl;%ihtégét?gﬁnéle
out put user voi d‘e%g?éad&tait&'thﬁa integrdtoe 120dachrdest £ plafality Wfdmultipliers 422

user data directly to output bBuffers 82 rather than use frane buffer
74 to buffer daoupled tackship integratorodRéin gachs degp ¢/ infegratop, cell 126.

required 25 LN | pent f prs [V [ :

W t hI Ire}c e(r;‘éncg #rﬁﬁﬁggelff%%?%é heragai SEE@pi c"ﬁg%}éutl’ ogzbd?lgtga amu(t)t];lude 64
paral | el denodiappéadd/ integedtor scetlso126 irn ordér t8,despreadiiangl integrate, in a
met hod and systembg? the présent invention. As shown, parall.el o8

d](carmdul at or 56 parellehiopepation; 61 Walsh cchips winich \gonstitute: and. entirg) Walshs,
of sanples 102 an | ock . . ' d Eﬂ?z\’ﬁ@é ;
de;pread sanpl sgm ¢ %Fg%ﬁ}% 'ﬁ%gfﬂég“g‘ _gg'r?gg%é%lfans‘%gna sangf er.S)ther

embodiments of the present invention may use less than 64

15 despreader/integrator cells 126, in which case portions of sample block 102

- are sequentially selected and input into parallel despreader and chip

integrator 120. ,

In a non-M-ary system, a single despreader/ integrator cell 126 may

be used with many multipliers 122 feeding a chip integrator 124. The

20 ratio of multipliers 122 to chip integrators 124 is determined by the ratio
of the PN spreading rate to the incoming symbol rate.

Whether an entire Walsh symbol is despread and integrated, or

. whether some smaller portion of a Walsh symbol is sequentially despread

and integrated, the present invention uses a plurality of multipliers 122

% and chip integrators 124 operating in parallel in order to despread and

integrate Walsh chips. Multipliers 122 multiply one sample value S, by

+lor-1 aécording to code bit C. Integrator 124 adds all the signed values

output by multipliers 122 to produce a Walsh chip. Integrator 124 and

multipliers 122 may perform complex operations, as in an IS-95

< embodiment of the present invention.
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WD 98/ 32246 PCT/ US97/ 22371
that represent nultiple chips in a digital baseband CDVA signal froma
particul ar__user. According to an inportant aspect_of the "
present i nva¥@P¥IR24par al | el despreader 100 despreads, iBFPEPRIEL a
nunber of sanples that represent 5 nore than one chip for a particular

user. I n one enbodinment of the . . present inventiqn, -a,nunber..of si.gnal
sanpl es that repr ed@ntheopeiopsgrinWalsh' chipsiaye gwagr?é\cﬁgléﬁegﬁggdb%enalgy

"despread in p I : {:0EN q%} e 00
may be used t%&% sg*‘ietaahg %&G erOf a de%%?%ﬁgsaﬁ%a?ﬁéggr@&nt .aaggﬁt ?5% :
say one ei ght idetefmindtblone Waldtolchip aalfime. ore contrast tlie présend ipwenition of
a synbol is despread_in parallel, nulti . parall el dess[freadi

|
operations ar elespreadsand iptegaates @W@t@ﬂﬂ? ships simuliangously, ps ép‘g&ﬁi on

f mbol | L ot de 104 i
ised durihg edohSoiBie B PREARIRARRAAN] Alpdintegrator #PFIGILTE 104 19
paral | el despr eaderwif{ refegehtecRowerp FEG(5 sthepe ds depictad Hohighdlevel degical

sanples are input into parallel chip, integrator 106, ral el chi
i ntegrator 10eflewnehantafgthe psaresscef ddlipgeasample bu{r‘éx pW gngQes of a

mul tiple Wal s e RS...0f @a. Wl s . Dt

system ther e@@@‘%f‘%?@ﬂ‘v%ﬁ?i %ﬁ@’\?@f‘%‘%@% #&b(g and dyftén) %‘fgtﬁlenpxéesent :
non- M ary enmbogiveRtiorof Adillustefed) thepeoédsebegins adbiloek 200 andothereaftek el
chip integrator 106 rr%be a synbol . To convgrt t he V4| ih chi ps
into a Wabsh spasses to hlock202wiherein the samplepbutfer input,addressds inihia &eéf

et el | B ek oncs BB 555 el g0

transform seeinghdpididreSs, ais iflastrated rardblotk @04! OTHas endttbpeference again to

Communi cat i ons, cE)ubl i shed by Prentice Hal |, 1995. Coupl ed
to the output BIG{hea samplenfront A¢tD canverteri39 is loaded intgsample buffer 5234
estimator 110. ,The neti nbol estimator 110 is to estimate or
deci de which o %‘Féf#%’é’ g nﬂ?&i‘vgggfsyrriaol s was actually 30 transmtted by

the subscgi ber and NekgUthes prbcedsd- détermiifies avhethetyobatot the current buffer

address is the last buffer input address, as depicted at block 206. If the

current buffer address is not the last buffer address, the buffer input

address is incremented, as illustrated at block 208. Alternatively, if the

current buffer address is the last buffer input address, the buffer input

20 address is wrapped around to the initial buffer input address, as depicted

at block 210. After a new buffer address has been calculated at either block

208 or 210, the process iteratively loops to block 204 wherein the next
signal sample is loaded at the new buffer input address.

In this description, the term buffer address is used in a broad sense.

25 A buffer address may include more than just an address word composed

of zero and one bits. Because the sample buffer stores a finite number -of

digital baseband sample values, and because these values are

continuously being loaded and unloaded from sample buffer 52, the term

“buffer address” is intended to include data necessary to describe the

< location for either loading or unloading sample values. In some

embodiments of the present invention, sample buffer 52 may be

—12 —
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PCT/ US97/ 22371 112, which in an IS-95 systemis 6 encoded symbol s.
Synmbol esti WO 83234l and FHT 108 are required only w th gdgtsor2371
modul ati on sys ems Wth reference nowto FIG 4, there is
depicted a nore detail.ed bl ock di agram of the parallel despreading and

chip integrati g-fl #ﬂgfﬂ:éﬁ‘ wi a-?&tartilﬂe g‘?sﬂér , SHSWhEMP lcadd Bubfe? Siltress

i nvention. Par espr eade ntegrator 120 includes the
functions of bmdy pefeal teela danﬂmera@érshxfts ned&SSalanctOpkmal Ioel unhnqd sample

t t 106 FI 3., As t d
chi p°1 t egr at ové ‘hpmseé BHIERRS OF HRE Fieteny inyentioh; SEnEEE Tl 2,
to a chip integ &gjss Chtﬁ?&@ﬁﬁ%t%}ﬁrdf'xﬂhmgg&ﬁfs,‘iﬁ'drlu&ﬁfbaséﬁ buffer

Paral | el desprea er I p nt egr at or I ncl ude
despr eades/ i nt addﬁéssrm Iﬂeferl&ﬁa iconfigdeatiom fdespdeadnaimpleneegetwexkl n a

paral |l el operation, h chi h.consti nd entire Wl s

synbol ,for a parti é’g QRQ%P%%SE theze ds 9&#3&3&@%9\9 segrqhipg a
enbodi nents of 1

despreader/sl nt e%;ljr&?t or ce‘%]t ﬁpéﬁmmpggségﬁsﬁﬁﬁg? g:aerrp eﬂ'tﬂ ci“‘ioz

are-sequenti al bystem ofttheé presentrinivention. paAs! ilhistristed; eheleprcmasb begins at
i ntegrator 120

despreader/ i nt b&?"é’( 230 aad ttlegsa%%gss'\ésa{%p?@%as%%eqﬁ&y&}m FPF}HIPe]"éffEEZ
Tﬁteglgpgt grghllg }@s%e trﬂ neédb%ﬁgu &étéa‘ihﬁfe %%%Rhgﬁsgpreay I'ng rate

to the incom nu\éz jdteéss oft the earhest sample ithehémsanepieelmﬂfme Mk, htheay
despread and integrated, whet her  sone sira ? portion of a Wals
symbol is sequggﬂc?samlglog)égfr%ples om the sample er at the current sample

buffer address, as illustrated at block 234. In one embodiment of the

present invention, a block of samples includes all samples necessary to
15 despread and integrate an entire Walsh symbol. However, smaller blocks
of samples may be read from sample buffer 52 and processed serially.
After reading a block of samples, the process selects a despreading
code, as depicted at block 236. When the method and system of the
present invention is performing a search for a new user, the selected
20 despreading code is typically the despreading code used for the access
channel according to the IS-95 system specification. Searching operations
may continue once a user has been found in order to locate fingers, or
multipath signals, from that user.
Next, the process demodulates ‘the block of samples using the
25 selected despreading code, as illustrated at block 238. This demodulation
process occurs as illustrated and described with reference to FIGS. 3 and 4
above. After demodulating, the process determines whether or not the
sample block correlates with the selected despreading code, as depicted at
block 240. If the sample block does correlate with the selected despreading
< code, the correlation may be detected by comparing the magnitude of the

received energy with a predetermined threshold.

—_ 13 —



and integrated, the present invention uses a plurality of nultipliers 122
25 and chip integrators 124 operating in parallel in order to despread

and integrate Walsh chips. Miultipliers 122 nultiply one sanpl e val e
S[err], by WO9832246or -1 according to code bit Clerr]. Intedt YIRIW adds
all the signed val ues output by nultipliers 122 to produce a Wal sh

chip. Integrator 124 and o mul gipliers 122 nma f

operations, as in aénfzg_cggr%mn &T%%%F@h?h%f rgneessépq?cgcgselg{e'ﬂ &rﬁcligﬁ Tach may
WD 98/ 32246  include the sample buffer address and user code selection idata, o9 /171
In the prior art, WAl sh chi'ps are despread and integrated serially

such that the listsas iBustrateddet blackd24; dihds iinfermationgstoseddn the aser list
det.ernmned one | sh chi .atime. | t t .the [ '

Gespr eade. and inludas irdPmatioR ieseheark tocHituREs sid FieRt SebRle BINA hdRess
by the ougput sy tﬂ?gﬁl&}lﬂ gbdggélt%%ﬁaﬂedaﬁri%c@&ﬁﬂyitat erhR a ides eGdn4§ code

Wth reference now , ere s depicted a high-level 1ogica

flow chart of foreherGDMA signal of ithe newdynlpcated users  Widditionallyecach user
CDMVA si gnal i d i th t t hod apd t f.th )
Cnvention. As TRV BRVaIaAR Hered gr dhe ey et Biat fdinies, R IR Fingers,
10 passes t Rc&h‘ﬁﬁé rztgg?ﬂ"ﬁﬁ{ﬁdﬁaﬁﬂ“ %gé@&%fetl@‘ g:-fr€§erit NWenfidd, ESSmeSusers _

initialized. ter,” the protess | oadS a signal sanple at the

current sanpl emayfhave data inithpdistdforomesor dwa fingets, awbile sother cesers omay
Thus, with referenge, agai o] FIG 2 anpl e, from.A/ D conygrter 30
i s | oaded®i nt oh%‘é‘?raﬁta !tﬂghlsszfo;ﬂfour or m?%%rd?ﬂﬁﬁnﬁdﬁ%gﬁe pers
Next, the pr 00&@%@%&@ r@fﬁﬁﬁn‘i‘hﬁ‘l&?’éio?{ JPOUehilSd Glakée HesBiifde8! Thus, the
ast bu a | f

address is the fer 1 nput ress, as depicted at block 206. t he
current buf f ernanhterof fingerstallocatedatot edohf tiser madybesdynamicallyt sltocateg and

dd IS i t il t ed bl ock ,208. Al tivel if.th
curr ont buf  or TSRIRRBEE P& thi, SGHRY PO PEA PAPSIARIeGE CRARRES A tHePn IR -

contrast with the prior art, the present invention is not limited by a

15 maximum or minimum preset number of fingers allocated to each user’s
signal. |

With reference again to block 240, if the sample block does not
correlate with the selected despreading code, nothing is entered into the
user list, and the process determines whether or not the current sample is

20 the last sample buffer address as depicted at block 244.

If the current address is not the last sample buffer address, the
process computes the next Sample buffer address, as illustrated at block
246. When coinputing the next sample buffer address, the address may be
incremented by one sample or by a predetermined number of samples, in

25 which case the sample buffer may be searched faster, but perhaps not as
accurately.' | '

If, at block 244, the process determines that the present address is
the last sample buffer address, the process reinitializes the sample buffer
address to begin searching at the beginning of the sample buffer, as

20 depicted at block 248. After calculating a new sample buffer address at
either block 246 or 248, the process iteratively returns to block 234, .

—14 —



20 address is wapped around to the initial buffer | nput address, as

depi cted . at block 210. After a new buffer address has been cal cul at ed
at either baskeniige 208 or 210, the process iteratively | ooRSriro7RheRK -
204 wher ei n the next signal sanmple is |oaded at the new buffer input
addr ess. - In this description, the termbuffer address is used
in a broad seRgReredR a néwbBIJCR! ofGdhfSsIEs NBYrdadC it thy deiasanhplel baiffer
address word conposed of zero and one bits. Because the sanple buffer

stores a fini tasldressherIinothis manngirgi the presessacentintonsly segschesa fior MEMuse
t hese val ues

bt Tor o ¢ ndCBa,signdld M Holests s08a1:RR4F Jo Sia SRR SIS 00 ©
necessary to descriygt "Rféfence! R6W it6FIGS 7CHRERY i QbePit@dothenbRREss Hf

| R6
sanpl e values. [In sone enbodi ments_of the presént invention, sanple
buf f er 525 may demodulating and decoding a sample block in accordangewith a methogd

98/ 32246 . . . PCT/ U 3
i npl ement ed widnd éY‘T’tSFthllSh% PIFent INYERLED, Ap illgstrated. the B é’éé‘&%é’s‘s
may refer to %18%0 Rhd StHerbsftere Yo Blok1e 3620 witkteftfda R buffer

val ues. I n other odinments of thé present iInvention, sanple buffer 52
may be accesseatidiespisselected framkthefuser| listfoe ey initiah user.c Nexds she protessr 5

ih s o aranccrends  blodk Of sEpies, Hhm: e sathle Trukie”af 6L SikclSd Sample
sanpl e byjfer foftess ddids %sqnﬁhtﬂa%s&;aﬁmda@mm bioRk B saeRpRBread may

system of the present. | nvention. | ustrated, the process begins at °
bl ock 230 and inichudeatrumbes sfssamplesothat 2epresentsian ehtire Walsh mymbel ifo

address is initialized. Typically, ompl.e buffer address is initialized
to the alt§rEyenhoen;igdise rﬁ%ﬁ?ﬁ SY$feMsampl e buffer. Next, the

process Thereafter, the process selects a user code associated with the
current user in the user list, as depicted at block 266. This step may be

15 implemented by using user code selection data in user list 64 and code
selector 66 to select one of the plurality of user codes 68, as illustrated in
FIG. 2.
Next, the process demodulates the sample block, as illustrated at
block 268. This demodulation step includes despreading and integrating
20 sample chips to produce Walsh chips, which in an 1S-95 system are then
processed through an FHT to produce 64 soft Walsh modulation symbols.
Furthermore, one of the 64 modulation symbols is estimated as being the
symbol that was transmitted.
Next, the process. decodes the demodulated soft symbols, as
25 depicted at block 270. In one embodiment, this can be implemented with
a fully parallelized Viterbi decode. After the symbols are decoded, the
process outpufs the data for the selected user, as illustrated at block 272.
The output data may take the form of sampled voice data or computer
readable data. |
< After outputting the data for the selected user, the process

determines whether or not additional users are listed in the user list, as

- 15



r’eads a block of sanples fromthe sanple buffer at the current 'sarrpl e
buffer address, as illustrated at block 234. In one enbodi nent of the

present invention, a block of sanples includes all sanmples n ' 15
despread anWA¥2M6ate an entire Wal sh symbol . However, snal Egﬁ%%é’o :

of sanples may be read from sanple buffer 52 and processed serially.

After reading bl ock .af, s €Sy, L he. Or ' I .de |

code, as depi 6@8&‘*&3 %ﬁb‘@ﬁﬁ%é W%%&ttﬁo@%(rimel?%(g%eae{%gis%cgtlgmﬁg %? %le 184, the
present inventjrghedsS delddtd’ Mhd0 saniplar Buff@r addwss uer , tHehesampiet ddodlo
despreading code is typically the despreading code used for the access
channel accor domesponding ts-the ngxdtusarsinedhe | @étﬂf%.se%éﬁg'rﬁ RETISSEPRAIRE S

o COnt | e SUEE loSt IR el GO 7. U] ghRHA b 9 el

denodul ates t hRebhagkligh thaPiRess'Todps thdladk 262! wherin diwprinitiilngsends,
as illustrated at block 238.7 This denodul ati on process occurs as

i :c | ustrat ed améselected fordlemodulating the:pextosanple blockfer the initial 3156

After denodul ating, ,the ocess, determ h ' t ' I

bl ock correl ates Wiéﬁqq;gﬁggqaegb?g&omﬂgéﬁﬁgi3@%%‘%%&%??{% o%ylaﬁ%'i? ©
bl ock 240. It a{rﬁﬁitégﬂié f e réggﬁg 11PPErtRorR eiminh fest MR pleccopids dstsbotbadi ng

30 code, the correlation etected by conparing the magnityde of -
t he r ec alemddatatogycivéuit andraedeceden aizquithr dwoiparallel demodulator
-13 - WD, 9832246 . . . .

PCT/ USQ7/1®237 circuit of ihe PreseRfoInvaIion His; vied to demodulate multple, SRMf
user data, whighniBRYrom multipfd Sfiei As&dPiisbisfdcebmislishedsby callpde
selection data,~to a user Ist, as illustrated at bl ock 242. This

i nfornation staltoxmting andd suhesdulingtdémodulation resources (parallel demodulator
| cycles per second) between the needs of a search engine and multiple
users with multiple fingers.

15 Because the architecture of the present invention buffers incoming
samples, the demodulating operation may operate at clock speeds that
exceed the incoming chip. Operating at this higher clock speed greatly
improves the demodulator throughput.

Although the present invention is illustrated and described with

20 reference to an IS-95 reverse link, the operating principles of the present
invention may be applied in any direct sequence CDMA system.

Using a single parallel demodulator and a single decoder provides
a gate efficient design for demodulating CDMA signals from multiple
users. The architecture of the present invention is ideally suited for

25 demodulating and decoding signals from all users in one or more sectors
within a single integrated circuit. - |

The foregoing description of a preferred embodiment of the
invention has been presented for the purpose of illustration and
description. Itis not intended to be exhaustive or to limit the invention

< to the precise form disclosed. Modifications or variations are possible in

light of the above teachings. The embodiment was chosen and described

— 16 —



i ncludes information necessary to cal culate the next sanple bl ock address 5
and the user.code selection data necessary to generate a despreadi ng code
for the CDMyGSbgsRle Of the newy located user. Additionally, paplsesRsn

may have data éntered in the user list that identifies nmultiple fingers.
According to an inportant aspect of the present invention, sone users

may have dafa dofp{difidk! tHe bak iRiiGirafiohVOf I BRiricipleh i dfahe! fiientivht arthits10
have data in t st for four or-nore fingers, depending upon the user's
needs and ef f ipraetitalaapplicatiom ehddtarenabla oner of candimary skl in: tee art to

b f fi g [ 1 fed t h be d i || . R d
T o o S5l L oS o bl AR e U6 UGB
contrast with ﬁl%ﬁiﬁéét%nfra%hag% @ﬁitﬁ?et?fﬂ{e Pai/ﬁailhﬁ fuse Scot@émiplatelded A1y sucks

maxi-mum or m ni num prese er o ingers allocated to each user's
signal . s modificaioms raride variationgaare sithinodhe 2stopei of the inyeptiony| agck

does not correl a tth the | ect ed despr.eadi n de, nothing.i
entered into tcﬂ,%termme&gy e|%P£ePd§(§d3PHBSr}?’ﬁ s‘é‘?%‘arg?e?ioﬁbécmt g-v(gfthnot
t he current [1e. ol ri&;@% erfRkidzt ed at

bl ocku244. Saﬂﬁéﬁrehat@?? W%gﬁcthr@ftgﬁ?%ﬁéésgmg@ anot l?\iga?pllgst sgér?}:il e buffer

address, the process conputes the next sanple buffer address, as
illustrated at bl ock 246. \When conputing the next sanple buffer
address, the address may be i.ncrenented by one sanple or by a
predet er mi ned nunber of sanples, in 25 whi ch case the sanple buffer may
be searched faster, but perhaps not as accur atel y. I f,
at block 244, the process determ nes that the present address is t he

| ast sanpl e buffer address, the process reinitializes the sanple buffer
address to begin searching at the beginning of the sapple buffer, as 30
depi cted at bl ock 248. After calculating a new sanple buffer address at
ei ther block 246 or 248, the process iteratively returns to block 234,

- 14 - . :
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wherein a new bl ock of sanples is read fromthe new sanple buffer

address. In..this manner, the process continuously searches for new

CDMA si gnal WOIRBZMS, f | ngers for already |ocated CDVA signal LCT/USITR2IT
Wth reference nowto FIG 7, there is depicted the er
denodul ati ng and decodi ng a sarrpl e block in accordance W th

and system of the present invention. As illustrated, ﬂl““ “ ﬁ@“ﬂ“\at
‘bl ock 260 and thereafter passes to bl ockKClEdmMSeherein a s ¥

address is sel d fiomtﬂe user list for an initial user Next, the
process ds Sof -sanpl es fromthe sanple buffer at the

sel ected sanple 10 buf er, a L1l ustrated ,at. bl oc T ock
of sanpl es redd m °F’nc‘? cfge bﬂﬂfﬁ%‘? & of §8f‘}f)l gé 1?*?5} h‘ég@en?gc%%
entire Wl sh SODNMA) ‘sxgnalmatctmntn‘umnaﬁlm systemed in an | S-95 CDVA system

Th fter, th t
cuﬂiﬁt Cher ' in [netang fuples of SRECIONE XRRIM B il pht®? e
i nplenented byresglling asplurality: of @ra:sttsamp les tfromn saidesample budfexthatode

sel ector 66 t St ﬁpgr gty of user codes 68, as |Ilustrat ed
I n FI Gqf%% aoﬁﬁn-gfxtfﬁgc gyrcrﬁcless denodul ates the, sa

bl ock, as il ustrat@demgdulating 95!4)@)(“&5 saidjsamplasausing §t§$beqt I‘l?&és

despr eadi ng a%d@t@qsﬁdu&e a?coleassarr?beushl 6f o eyRibluire Sdfd sdodehidpgisighi ch
in an 1S-95 s ocessed through an FHT to produce 64

yst p
soft Wal Sf rmd%\“i'i‘P@na%‘\Fﬁ%ﬁ}g‘al Furthernmore, one of the 64 nodul ati on
synbols is estimted as being the synbol that was transmitted.

Next, the proc ss d d I f e d
at bl ock 270. n ongﬁgngf%mrrgntg?r? 'S cagh%g ’ &?(c(ia@n;ﬁrh%ésdaﬁ %ﬁulﬁpl@ Q\k:Eés@
full'y parall el signdl Xedording teelxdm Wherelhhmld)démbdulztmgietepimtludée the

process outputs the data for the selected user, as illustrated at bl ock
272. - Thitep&Ofut data may take the form of sanpl ed voice data or
conputer g ' eaﬂ@%ﬁagﬁ{fsaid plurality of said samples using a selected user code

to produce a plurality of despread samples; and
integrating said despread samples to produce said at least a portion

of a symbol.

3. The method of demodulating a code division multiple access
20 signal according to claim 2 wherein said despreading step includes
sxmultaneously multiplying each sample i in said range of said samples by

+lor-1 accordxng to a corresponding portlon of said selected user code.

4. The method of demodulating a code division multiple access
signal according to claim 1 further including the step of performing a
s decoding operation on said symbol.

5. The method of demodulating a code division multiple access
signal according to claim 4 wherein said step of performihg a decoding

operation includes performing a convolutional decoding operation.

— 18 —



30 After outputting the data for the sel ected user, the process

det er i nes “*";;gg,;zgg,fsggzsdd'“Ona' IR MR e vser ist. s

S97
PCT/ U897/223‘y depi cted at bl ock 274, 1+ 4ddftibnal user s’Ua?el2 |71$ted
in the user list, the process selects the sanple buffer address for

e Sampl & DL OB o pThp GABAP OB diind ulaiihgd o (plBClil g Crlitiplendecesy

sel ects the correspon user ustrate 276;
no additional gipgad aifcerdlm:gt tol clainb 1 futther ineudingtthet sleppobsemhing)mldo

bl ock 262 wherein the initial rese ect dul at t he
next sanpl e bl samplerbuter ifar 52 &f R}%@hty of samp es ogéa’rﬁca)FIS ) "that
conparing FIG ' HP(Q' on ~architecture of the
present invent icéﬁf@gtgﬁint&seagd sg@Fl pl e C(L)gﬁeels of both a denodul at or
circuit and a decoder.circuit. The parallel denodul ator 10 ci-rcuit of the
present invention is used to denodul ate nultiple CDVA signals from
mul tiple systemusers. This is acconplished by dynamically - al | ocat.i ng

and schedu i ng 7dermci‘heatmethocbsoﬁrdmnodph’tmg d addeodivision multipleyaceess
per second) betye t he eds h and .__users
with nultiple ﬁlﬁ!fgrascm{ g to &a é&;‘ﬁﬁ?é ﬂié“ﬁ'F‘Sh’f*@E‘{hﬁ\éugprm d8eh t
i nvention buff

oper at e at ol odpx HIERERAR to recalP AR plulalty ?’E?%%J%%ﬁtﬁapﬁ%??%‘? saffiple
this higher cl daifferptied mwpresent at least anportiors df e néstrsymiboloin shid (JDMA.
Al t hough the present invention is illustrated and described with 20

reference to af8®195 reverse link, the operating principles of the present
i nvention may be applied in any direct sequence CDVA system

10 8. The method of dembdulating a code division multiple access
signal eccording to claim 6 wherein said searching step further includes
searching said sample buffer for a plurality of samples that represent an
additional copy of said CDMA signal.

9. The method of demodulating a code division multiple access

15 signal according to claim 8 further including the step of recording
information in a user list needed to recall a next plurality of said samples
from said sample buffer that represent at least a poi:tion of a next symbol
in said additional copy of said CDMA signal.



. Modi fications

\
Using a single parallel denpdul ato nd a single decoder provides a
gate efficient design for denodul Z[m mmlﬁ’,ﬂm"i fromnmultiple

ideally suited for 25
RETUSSB T,

users. The_-architecture of the pr
denodul at | W9 %R%%ecodi ng signals fromall fisets 4n one or s
within a single, integrated circuit. - The foregm ng descrlptlon

f a- f t h ted f
Phe pur pose. ofd-F1' B MEeERRY 1 hh “demodulapidl 7 ot WisiGE " iR ARt
be exhausti veslgfr\ar Qcao&aixgg E&aauavsawweﬂs& nurhBet ¢ &&ﬁ&ﬂﬁm{&{ r&g@l giéised-

variations are possible in of the
t eachi ngs. Tmcendom aedenw@lmmeres&nmejemdlwbgrem CDMA signals from

- 16 -
b Use7 223 Aultple’ w6t Yeauire vazioys, avantities; of  demgrulation, reRIREY of
the invegt orfafiter iiuding Bi@Stér8t alBRAAE detflod ntior? :68Azkes Hitwekn

ordinary skill in the art utilize e Invention in various
enbodi nent s esaildvmmﬂtxpka mness based mpiin i available resourcessand eneeds ©fiesaid

particul ar use on e ated, All ch 5 d|f cati and var| are
Brthin the scOUB RS B enpgnlate 3 Variablg hmbes of s ofmindonMR, e
when i nterpr fs& dance with the breadth to whi ch they are
fairly, Iega%fg'H aﬁdlaeqwtably entitled. .

11. The method of demodulating a code division multiple access

10 signal according to claim 1 wherein the step storing samples further
includes storing, in said sample buffer, a number of samples that
represeht a symbol in said CDMA signal.

— 20 -—



- 17 -

10

15

w0 ssszae ) AT VL R —

12. A system for demodulating a code division multlple access
(CDMA) signal in a communication system comprising:

means for storing samples of said CDMA signal in a sample buffer;

means for recalling a plurality of said samples from said sample
buffer that represent a plurality of chips; and

means for demodulating said plurality of said samples using a
selected user code to produce at least a portion of a symbol in said code
division multiple access signal. -

13.  The system for demodulating a code division multiple access signal °

~ according to claim 12 wherein said demodulating step includes the steps
of:

means for despreading said plurality of said samples using a
selected user code to produce a plurality of despread samples; and

means for integrating said despread samples to produce said at least
a portion of a symbol. '

14.  The system for demodulating a code division multiple access signal
according to claim 13 wherein said means for despreading includes means
for simultaneously multiplying each sample in said range of said samples

by +1 or -1 according to a corresponding portion of said selected user code.

15 The system for demodulating a code division multiple access signal
according to claim 12 further including means for performing a decoding.
operation on said symbol.

16.  The system for demodulating a code division multiple access signal
according to claim 15 wherein said means for performing a decoding
operation includes means for performing a convolutional decoding

operation.

_— 21 —
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d ai ns What is clained is: d of denodul ating a code

division nultiple access (CDﬂﬂl&ﬂ‘ﬂfﬂ!MﬂHMommm cati n..> .
stori ng sanpV@9873424¢ai d CDVA sign I A ffer; Petvshitin® -
recalling a plurality of said sanples fromsaid sanple buffer that
represent. a plygali 0 L PS.. . : ' | [ty
of said sanpl etsw'usi ;lzxeagyssg%cﬁgﬁl‘gggulahng a&gggdﬁﬁ%%ggﬁgﬁ a%cg%%yt éigﬁ al
portion of a swaksiding t6alaint adefidtiversirudthg mearist forl seazachingssaidgsaahple
2. The met hod of denodul ating a code division nultiple ,acciiq?\.a
si gnal accor di bhyffes for said ]PIW'K%HM af samplae ad said CRMA; gigna hecorrelate
steps of; 15 . . s dasnpr | id plurality of said sanples using a
sel ected user w&}ésmd sﬁe&gﬁéﬂgg&ggga plurality of despread-sanples; and
integrating said despread sanples to produce said at |east a portion
of a synbol. 3. The met hod of denodul ating a code division
mul ti pl e access 20 signal according to claim 2 wherein said despreading
step includes 18. THiesystemeforsdemodudating armdeadivisienphultiplesadcdss signal of
sai d sanpl es by . +tlor -1 e}c%toﬁdi ng tg, a correspondi nrq. ortion of,said
sel ect ed user @cgerding to claim 17 further including means’ for recording information
in a user list needed to recall a next plurality of said samples from said’
sample buffer that represent at least a portion of a next symbol in said .

CDMA signal.

10 19.  The system for demodulating a code division iniiltiple access signal
according to claim 17 wherein said means for searching further includes
means for searching said sample buffer for a plurality of samples that

represent an additional copy of said CDMA signal.

20.  The system for demodulating a code division multiple access signal

15 according to claim 19 further including means for recording information |
in a user list needed to recall a next plurality of said samples from said
sample buffer that represent at least a portion of a next symbol in said
additional copy of said CDMA signél.



4. The net hod of denodul ating a code division nultiple access

sedo ng spaigspen oardsyrool TIIEINTMENNIMC erhod icrimonaine o

a code division nultiple access | * &jdnal" aécofding to claim4 wherein

said step of perform ng a decodi ng operation includes perform ng a

convol utional gEecodThe s?ﬂ%hﬁ‘féloﬂemodulatmg a code division mult le-access 51 al 18
WD 98/ 32246 S97/ 22

6. The met hoarcordingntel laim ntp whmdavn%mrmftdm %"é@% cy! & FYnal

according to claim,l. fur her S

sanpl e buffer Fe5PM Qa}sd % gl“'lrl]%}&gf p%&%?%sgﬁg %BSWSI gnggﬂF *1 tf rom
correl ate wi t hyyatigd]e alsees Séquel vaRitlus quantities’ of d’e’hﬁad&lhﬁoﬂ @ésources,
dermpdul ating a code division nultlple access nal -according to

claim 6 fart hefurthex mlugmg:mamwgon allocating oiequula on res@urceshetweended
to recall a next,,plur ty of sai Iesf sai d f

that represent3&f %’é@?i ﬁgﬁeﬁ Ne Ym%o{espﬂf‘geg}j éﬁweds B’ k&l
signal . multiple users to d_emodulate a variable number of fingers of said CDMA

. signal per user.

22.  The system for demodulating a code division multiple access signal
10 according to claim 12 wherein said means- for storing samples further
includes means for storing, in said sample buffef, a number of samples

that represent a symbol in said CDMA signal.
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10 8. The net hod of denodutating a code division nultiple access

Si gnalh-. accor_dijng toI cl gi ][nf 6 V\/nérﬂ' \ _ m g step further includes
sear chi ng sgj ampl e buffer far Wm anpl es t hat ntoan.
addi ti onal S@W%a%sai d CDMVA sﬁig e L M S 9" The net hogEg*USS%h -

denodul ating a code division nultiple access 15 signal according to claim

needed 1o rocalt o A YRR dor oo duiing, o, oddk CUFALPAT IRIARIE ThegesS!

(D

needed to recal™T

rom sartl sanple
buf fer that repCHMA) signhEifh conp@iirication spsteax comprisihg: in said
addi ti onal cop$cof sai dgnCDIVA signal. . ¥ 8 :

- 19 - a sample buffer for storing signal samples;

addressing means coupled to said sample buffer for recalling a plurality of
5 said signal samples that represent a plurality of chips of said CDMA
signal;

a parallel demodulator coﬁpled to said recalled plurality of said
signal samples and a user code source, said parallel demodulator
comprising; o

10 a plurality of muiﬁpliers, each receiving one of said plurality of
signal samples and a corresponding portion of a user code from said user
code source; and .
an ihtegrator héving multiple inputs and an output, wherein each
- integrator input is coupled to an output of one of said plurality of

15 multipliers and wherein said output provides a pdrtion of a symbol.

24.  The system for demodulating a code division multiple access signal
according to claim 23 further comprising: '
a signal searcher having an input coupled to an output of said
20 parallel demodulator; and
a user list coupled to an output of said signal searcher for storing
user decoding information, wherein information in said user list is
selectably coupled to said addressing means. '

— 24 —



WD 98/ 32246 - [err] PCT/ US97/ 22371 10.
The met hod of denodul ating a code division nultiple access si gnal
accordlng to-clai m8 wherein a nunber of denmpdul ation cycles per

second i s aWeAYAMEL| on resource, and wherein CDVA signals fFS’H"s”’n”l
mul tiple users require various quantities denodul ati on resources, 5
further including the step of allocating nodul ati on resources between
said nultiple users based upon avail abl e.resources and needs of said

mul tiple users to denodulate a vahi abl e nunber of fingers of said CDVA

si gnal per user. 11. The \Weilhe d of denodul ating a code di vi2o on
mul tiple access 10 si gnal accorg slaim 1l wherein the step g‘l’orl ng
sanpl es further i ncl udes st g4 g-sai d sanpl e buffer, a nunber of

sanpl es t hat represent a s aid CDVA signal. 24

’_,28 | r,30

Receiver Conversion

| | ]
4
A} [A 4 [
a4 Demodulate Demodulate . Demodulate
32 3 2 35 82 3
s » 8
38 . : 38 2 38
M hoy : M
Decode " Decode | Decode
Voice/Data Voice/Data Voice/Data

Channel A Channe! B Channel x

FIG. 1

PRIOR ART

SUBSTITUTE SHEET (RULE 26)



- 20 - WD 98/ 32246 PCT/ US97/ 22371 12. A system

for denodul ating a code division nultiple access (CDVA) signal in a
conmmruni catj.on system conpri si ng: means for storing sanples of.
sai d CDVA sgyédssakgs 2 sanpl e buffer; means for recatsowy3al
plurality of said sanples fromsaid sanple 27 buffer that represent a
plurality of chips; and nmeans f 1[ denodul ati ngypai.d pluralitisg
of said sanples using a sel ect ed user code to produce | east a
portion of a synbol in said cg@le dig si | %i gnal .” 10
13. The systemf denp ' I'sion multiple acCess signal

according to
of : '
a

wherei n sai-d denodul ating step includes the steps
ans for despreading said plurality of said sanples using

A ' 22

28 -
M

Receiver

30

64
1\ _

"~ .

"‘~~§> Mode Parallel

: 1 Control Demodutator
—r——- 1|
A 4
76’ 7{ Searcher
Threshold

Voice/Data Voice/Data VoiceIData Voice/Data _
Channel A Channel B Channel x Channel x+n



sel ected user code to produce a plurality of despread sanples; and 15

means for integrating said despread sanples to produce said at |east

a portlon ofwaosyhe! . 14. The system for denodul at i necEUsIND2371

di vision nultiple access signal according to claim 13 wherein said
means for despreadi ng includes neans . for sinmultaneously multiplying
each sanple in said range of said sanples 20 by +1 or -1 according to a
correspondi ng portion of said selected use3/Zode. 15. The system
for denodul ating a code division nultiple access signal according to
claim12 further including neans for perform ng a decodi ng, " operation
on said synbol . 16. The syst3amdleBlodenodylt@2ing a code division
mul tiple access signal 25 acchgII rein said means for
perform ng a decQgvesm 56 OPH[ 3 inh udes| ephp for performng a
convol utional decsy \\operati .

- 21 - ‘WD 98/ 32246 R LN aTﬁﬁ$371
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17. The system for denodul ating a code division nmultiple access signal
according to claim 12 further including neans for searching said sanple
buffer for said plurality of sanples of said CDVA signal that rrelate °
with said se‘VQc??é%?“ﬁser code. 5 18. The system for denbdl/PS73 ™
code division multiple access signal according to claim17 further

i ncl udi ng neans for recording information : in a user list needed to
recall a next plurality of said sanples fromsaid sanpl e buffer that
represent at |least a portion of a next synbol in said CDMA si gnal .
10 19. The systemfor denodul ating a codgypi vision nultiple access

-si gnal according to claim 17 wherein said neans for searching further
i ncl udes means for searching said sanple buffer for a plurality of
sanpl es t hat represent an additional copy of said CDVA signal.

20. The systemfor dgnDduIatiQ%Hﬁ code divisiqg gultiple access signal 15
according to claim19 further i B@ing nmeans f ® ecording information

in a user list needed to recall -ajnext plurality]Jof said sanples fromsaid
sanpl e buffer that represent at |gast a portion df apganel Desprdaglanin sai d
addi ti onal copy of said CDVA si gm?l . ' Chip Integration ’}20

' K / v / ' K 1

a ST S \

126 126 126
Y Y \j
Walsh Chips

FIG. 4



- 22 - WO 98/32246 [err] PCT/ US97/ 22371 21. The
system for denodul ating a code division multiple-access signal

accordi ng tGy6loghsneg9 Wherein a nunber of denodul ation cycl eSPOBIUSITN23TL
second is a denodul ation resource, and wherein CDVA signals from

mul tiple users require various quantities of denodul ation resources, 5
further including nmeans for allocating denodul ati on resources between
said nultiple users based upon avail abl e resources and needs of said

mul tiple users to denodul ate a variable nunber of fingers of said CDVA

signal per user. 22. The.system for denodul ating a code division
mul ti pl e access signal 10 according to cl aigml2 wherein said neans for
storing sanples further i ncl udes neans tor storing, in said sanple
buffer, a nunber of sanples that represent a synbol in said CDVA
si gnal . . : o
200
Start
202
Initialize buffer
input address
|
Load signal
» sample at buffer - =
input address .

‘Last buffer

No input address?

Yes

208 210
Increment Wrap buffer input
bufferinput address to initial
address _ buffer input
' address

FIG. 5
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y 234
Read block of samples
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' 36
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! ' 238
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selected despreading code

240
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Y 42
Add sample buffer
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buffer address? No—*
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sample buffer
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- ¥ 248
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23. A system for denpdulating a code division mltiple access

(CDVA) signal- in a communication system conpri sing: a sanpl e
buf fer for -skglkashegi gnal sanpl es; addr essi ng means couptemistmasai d -
sanpl e buffer ?or recalling a plurality of 5 sai d signal sanples that
represent a plurality of chips of said CDVA si gnal ; a

paral |l el denodul ator coupled to said recalled plurality of said
signal sanples and a user code source, said @AFallel denodul ator

conpri sing; 10 a plurality of multipliers, each receiving one of
said plurality of signal - sanpl es and a correi&ondl ng portion of a

user code from said user code sour ces—eat an i ntegrator
having nultiple inputs and an out put, vvh ' i nt egrator input
is coupled to an output .of one of said plurs YOt 152 mul tipliers and

wherein said output provides a portiei—of a—s¥xbol 52 24. The system
for denodul ating a code division rrul ti rsaecas.am@ 313%( : according to
claim23 further conprising: addregs fforg g listdelr cher havi ng an i nput
coupl ed to an out put of sai jnt - and a
user list coupled to an output of said si gnal sear cher .‘tsgr storing.

user decodi ng information, erein user list is

sel ectably coupled to sai d dr essi

a of samples from
samp uffer at selected
sample buffer address

L o
]

Select user code

' ' 268
Demodulate sample block

l 270

Decode demodulated symbols

:

Output data for
selected user

274

Additional user
addresses in user
list?

—No

Yf S 276

Select sample bui.‘fer address for
sample block corresponding to
next user in user list

! 8
Select user code associated
with next user
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(57) Abstract

In a code division multiple access (CDMA) signal demodulator
in a communication system (50), samples of a CDMA signal are stored
in a sample buffer (52). A plurality of the samples that represent a
plurality of chips of a symbol are then recalled from the sample buffer
(52). Thereafter, the plurality of samples are demodulated in parallel

(56) using a selecwdusercode(css)toproduce at least a portion of a

user’s symbol in the code division multiple access signal. Signals from
multiple users (22, 24) having multiple fingers are demodulated by
sharing the resources of a paralle] demodulator (56). Signal searching
may use the same parallel demodulator (56). Fingers for multiple users
may be dynamically allocated and reallocated according to the needs
of each user’s signal and the total demodulation resources available.
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