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| MPLEMENTI NG A W RELESS COVMUNI CATI ON SYSTEM USI NG A RECONFI GURABLE CHI P .
W TH A RE&OWEHEUBIABLE FABRI C BACKGROUND OF THE | NVENTI ON bcThgomssasent
invention relates to comunication systems, nore particularly to wireless
comuni cation systens. Wrel ess communi cation systems are typically

i mpl enented using | Integrated circuits. For nmany situations,

appl i cati on- s grated chips (ASICs) are used mm t he
conmuni cati o mw& I@WMH@MS is especially done 10 for V\nlnm"ulmmm ni cation
base stations, be used to servirce a | arge nunber .gfsgssers. The
desire for erX| biTity in the communication systens have led to the use of
field programmabl e gate arrays (FPGAs) to inplenent a portion of the

conmuni cati on sysiS¥RTEMARDMETHOMOE TMPLBMERTROOH Vel esglown si de.
The size and resulting cost of the FPGAs used to inplenent the conplex 15

al gorithms used i NCUMRIUMEATIONBY SAEMATSEVG 4 RECGRPRSURABY EPase
stations, can be significant. For this reason, it is desired to have a

flexible yet inexpensi viCRE Wit Al REd‘GNFWl@ﬂDEqTAM@f a conputer
communi cation system SUMVARY OF THE PRESENT | NVENTI ON The present

I nvention conprises using a reconfigurable chip with a 20 background and
foreground configuration plane to inplenment a comunication system The
Wi rel ess comuni cati on system can be a wirel ess conmmuni cation system for

exanple, a wireless comnmmy%%conf I gurabl e chip

allows a portion of the co to be | oaded into

the background copyfd @egaﬁ hRenirPRetb Bn@iRfidiEibn BHh® méte palfeularly
communi cation 25 system al gorithm operates as configured by the foreground

confi gurati ao witeless comm@i@AON SeatekBl PCTI USA /. 19. 136 -2 The configuration
I n the background_plane can be quickly switched into the foreground plane.
This is not possiWiksless commppisationrsysisins age, tripically implemented aisinganount of tine

(in the rangg of, A ArGfSOFY nlaf shlfion® UppAtd i PPciti At Hdred WHigs©

(ASICs) are used to implement the communication system. This is especially done

10 for wireless communication base stations, which can be used to service a large
number of users. The desire for flexibility in the communication systems have led
to the use of field programmable gate arrays (FPGAs) to implement a portion of
the communication system. The FPGAs, however, have a considerable down side.
The size and resulting cost of the FPGAs used to implement the complex

15 algorithms used in wireless communication systems, especially base stations, can
be significant. For this reason, it is desired to have a flexible yet inexpensive

solution to the implementation of a computer communication system.

SUMMARY OF THE PRESENT INVENTION
The present invention comprises using a reconfigurable chip with a
20 background and foreground configuration plane to implement a communication
system. The wireless communication system can be a wireless communication
system, for example, a wireless communication base station. The reconfigurable
chip allows a portion of the communication system algorithm to be loaded into the
background configuration plane while another portion of the communication

25 system algorithm operates as configured by the foreground configuration plane.



this is acceptable in many situations, for comrunication algorithnms ) such
as the 5 nultiple-step frane processing used in a wreless comuni cation
base st atwom2otdigr configurati on needs to be swi tched nuchpggiuskgisszddnot her
enbodi nent of the present invention conprises a nethod of inplenmenting a
comuni cation system conprising the step of loading a first portion of the
communi cation design in the reconfigurable chip; running the first 10
portion of the reconfigurable chip, and at |east during part of the running
step; loading a second portion of the configuration systemdesign in the
reconfigurable chip, and running the second portion of the comunication
design on the reconfigurable chip. Simultaneous |oading of the background
pl ane configuration and the 15 operating of the foreground pl ane

confi gur at i oThatdndiyardtion ih de ekgronnd plane cambgquicklgswinhdintoeenment ed

qui ckly and efficiently. Portions of the comunication system design are

switched i n @segrewndeplang. t Bbists Bey pogsiblewith FBeAss FRGAS eeguire agignifidast chi p

allows for the c ni catj,on_system desi t q, be oken do i nt,q.smal | er
configurati o?{g(.’u#mmgl b )ra?%er(’fg%?gﬁﬁ?o@?%m%e 8@%"&&%@8%?5'9%@ e chip
having for eQ&%‘i@‘ﬂc@?&bMﬁ'ﬁﬂﬁr@%ﬁa%rﬁ[‘ﬁﬁ dofhrifhidh®idfl algorahms [swel hPmewWhere a

| ar ger FPGA woul d ot herwi se be needed. This can significantly reduce the

cost of &% he mohipleastemframe prgeessing usddtin aBRirélessRBESORIMACALION bake SEMINDRRN NGS
Fig. 1 iIIustrng,tes an exqanﬁle of, E‘ﬁ\ﬂ%c nfi.gurable chip with foreground and
25 backgr ountPEIBHAHGRNgedSIA besuiRed MPeha¥itkeThe used with the system of the
present invention - - i idlustrates a
pref erabl e inpl en%ﬂ?tg%/ﬁo%(ﬁéﬁéﬁ img%#ﬁg&%ég%%gﬁn?ﬁse& %P%[g‘?dpgl}nd and
background pingii&fientingG. coabnghieatonaybemscopipeisRigrtael siepof fomditigal figp of the

swi tching between the foreground and background pl anes.
portion of the communication design in the reconfigurable chip; running the first
10 portion of the reconfigurable chip, and at least during part of the running step;
loading a second portion of the configuration system design in the reconfigurable
chip, and running the second portion of the communication design on the
reconfigurable chip.
Simultaneous loading of the background plane configuration and the
15 operating of the foreground plane configuration allows for the communication
algorithm to be implemented quickly and efficiently. Portions of the
communication system design are switched in as needed without delays.
The use of the reconfigurable chip allows for the communication system
design to be broken down into smaller configurations. This allows, for example, a
20 smaller reconfigurable chip having foreground and background planes to be used

in a situation where a larger FPGA would otherwise be needed. This can

significantly reduce the cost of the communication system unit.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates an example of a reconfigurable chip with foreground and
25 background configuration planes which can be used with the system of the present

invention.



5 Figs. 3A and 3B illustrate a single reconfigurable chip inplenented such
that it switches between three configuration functions. Figs. 4A and 4B

i |1 ustratwotos@sdsgconfi gurabl e chi ps) one of which is inpl egeniseidiss SwW tch
bet ween two commruni cati on system configurations. Figs. 5A and 5B illustrate
the switching of a reconfigurable fabric between 10 a path search
configuration and a rake receiver configuration. Fig. 6 is a flow chart
illustrating the switching between a path searcher, rake receiver, and
Viterbi configurations for a reconfigurable chip such as the system shown
in Figs. 3A and 3B. Fig. 7 is a diagram3-llustrating the swtching of the
communi cation system 15 configurations for a reconfigurable chip as well as
the central processing unit ' processing during the different
configurations foFigoRa iluheisneprefepdblé hnplemshetiorndf hbswiitkiag betweanent i on.
Figs. 8A and 8B illustrate a systemusing nultiple reconfigurable chips,
one of the r&edereptundianeé backgpmnd\ilanedi ng bet ween a Viterbi and Turbo 20
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first reconffgibraii€addbRkiBuad'landystemof Fig. 9. 25 Fig. 11 is a flow
chart that illustrates the operation of the systemshown in Fig. 10. WO

02/ OSG 181 PCT/ USBigs - 30 36d 3B iistratd &BinglE SEfInAg L@ eChif HiplPRERERRED
EMBODI MENT Fig., 1 is an illustrati ofn of ,a reconfigurable chip 20 which can
be used in offat EsnBehedrtvesn thge copiigussiion ESon. The reconfi gurabl e chip

i ncl udes a foregrp g.d‘,’&gﬂé KU %lm“m AB&n o8 ggﬁgggﬁggﬁmﬁﬁonfi guration

pl ane 24. The 5 forfeground configuration p e el enments

of the reconfmgethéntdtd siitch®eBfeengvwoltold@inictipRkydtan cohfiguigti@gnmuni cati on
system desi gn can be inplenented. In a preferred enbodi nent, the

reconfi gur abl e chFigs29A and §Biillestiatiethe swiehiog o a recopfiguiahleafabric beswgered
instructjon set. co ti Rl SC) central processing. unit (CPU). In one
enbodi néht ) ?H%‘héﬁ%ggﬁomat%‘r @rfé"}(%fecﬁﬁ'fbc }ﬁ‘t'ﬂ"ﬁioé'ati on system al gorithm
which are difficu h FRWEdBRLilhfrding thee [ abb& 4 is€arcHer

reconfi gurabl e fatf?f Eq%%'ml n aﬂplr{ééfl{arlrgd eﬁ@%‘?%t, @nc?ﬁggs rg nunber of
confi gur abl eratatrecepat handrViterbi comfiguyations fos,a recshfigntablediipsudh &l therents. I n

one enbodi nent, the data _path unjts include conparators, an arithnetic
| ogi ¢ unit (ystom showeh indest3éy anddBch are configurable to inpl ement

Fig. 7 is a diagram illustrating the switching of the communication system
15 configurations for a reconfigurable chip as well as the central processing unit
‘processing during the different configurations for one embodiment of the system of
the present invention.
Figs. 8A and 8B illustrate a system using multiple reconfigurable chips,
one of the reconfigurable chips switching between a Viterbi and Turbo
20 configuration.
Fig. 9 illustrates a two-reconfigurable chip implementation of a CDMA
communication system.
Fig. 10 illustrates the operation of the first reconfigurable chip in the
system of Fig. 9.
25 Fig. 11 is a flow chart that illustrates the operation of the system shown in

Fig. 10.



15 operations of the algorithm In one enbodi nent, the reconfigurable
fabric 26 al so includes dedicated el enents such as multipliers and nenory
el enent s.waheosgagory el enments can be used for storing dat acefusti®43e
algorithm In a preferred enbodi nent, the configuration bits for the
different configurations of the conmunication systemare inplenmented by
conpiling the 20 algorithmw th a software conpiler which allocates the
reconfigurable elenents in the reconfigurable fabric to portions of the

al gorithm The external nenory 30 can be used to store the different
configurations for the comunication syskem al gorithm These configurations
can be | oaded using the nenory access unit 32 and bus 34 into the
background plane. In a preferred enbodi nent, the background 25 and
foreground pl anepEaAdl EDtBESERWEHION OF THE FREFERRED'FMBODIMERTtS in the
fabric. The | oading of the background plane is preferably done with a
separ at e bus systEg 1ioan tihstratimnaof aowpedigurdbhechip20dvhich canebe wsednifii gur abl e

fabric 26. WO Q2/ OSG-t PCT/ USOL/ - ~9~3G -5 Additiqgnal. details of the
reconfi gur alfté %’?h%‘"&%{}ﬁ Ogé’eflgﬁs??&t Ve e ?EP%dW%quE{“B. IBClugesia e No.
5,970, 254, " 6§§q§§ MO, for
Reconfi gur abﬁ%ge %@ﬁn@%@bﬁ&aﬁ%gﬁgg% gﬁ@gl?rg é@gé . k@ﬁgﬁbgtﬁ %IEI?,“ TR

i ncor porsat edfobeprennd donfipefacor plage 25 cbnfigurésthe lelensdnisadfake révenfigwrhsler ed

configuration of the switching between the foreground and background
pl anes. The fisbikdbotiel thas arpoginTefi the commypnicatereFistam designscanddabl e from t he

external nenpr whil e, the foregrqund configuration ry~el enent .42
configures tlﬁﬁ%qﬁdgypa%w@?%m%%"ﬁ%)%?rﬁi &le%ﬁ%onﬁggghﬁa Cg\?}? églakof"écglr'qeé. When
the backgroupgroetape28 SuchGlsiadiiRed inshdchd @etchmP{iﬁfnglaub@%&&fmnd pl ane
wites over the data in the foreground plane. IT the old configuration
needs to be pracessiggiunit (CPU)s In ehoedbediment theh€PUatS&me portignk afie. Fig. 2B

shows an alternate and | ess preferred enbodj t in which the background
confi gufat i ﬂ%%%@“@@s‘e@ﬁﬁg@@@&lﬂ%ﬂe&hﬁgl!i?&PP‘SWCB‘I’é' fht 42' are

connected t | abl { ' i |t S 'd'_@ﬁ to the
15 additi ongﬁeE%&@g%gé%ggbet r#’g ‘fgérgtggéﬁrﬁ%)%ﬁa&?% Q?fg?é rgl;]e?%guerr]n tdclj e |l ess
preferabl e tingndédenaberfeontigdratile daA palti @its, SbndRd usits, ianl Uskfodhfecd
reconfigurable chip 50 which inplenents three portions of a wireless

communi cat i cglemgnis.en onenembndimentatheldata patle uniscimaidg gempiratarhign 50 i s part
of a base statjon.unit whi iL.Jpl enent s i.t.hin a fra 52 .20 operation
e, e eo g Retcctis ALy R BN RS s oifien v sPu ke E8e G PReRBA! S2a.
rake rqeei vegetahl SHfRIRRERAD In 3RE embYlinfhbi the RRbhEAIrAbIEPbrR2S6 aldt € that
in a convenf(?pgnal FPGA i n%{herrent laltti oﬁ, ealch of the co%%r?%ur atr?gnsa needs to
be | oaded i nindndésRiadicated elamenthsuch asudtiphers aid memenuelements h&hEPGA t o be
significantly greater than the (sii ze of a.rec nfiqura | e chip used with the

present inv F@BW.CI%C%P@'%% (f?ﬁ’i‘%‘_‘& fuag éfwa&w B each of the
configurations, Jaofhef GAnkiHH; 't,otﬂe'cﬁnﬁ et Bigttghhﬁediﬁ?ﬁhground pl ane.
on of ‘the port|

Thus) when the oper of one ons o e communi cati on system
i's finished,configuatioméf el cahm@nichidh gatentlaredinplensemddty ¢smpiliag hrr
configuration. =~ WO 02/0~6~81 PCT/USOL/-9.13G -6 Fig. 4Aillustrates an

al t er nd0e syalgarithinnwitihp seftvawe compier whighabpeatestthe seconfigunableglegmgsiteinchi p 54

ambod mont Wt RN R e oot of e Aegaint " Ficcthal meMeBngd gur at i on

58a and r akecah%‘ﬂsé’@fohﬁ&@fdﬂﬂff@}éxﬂBo:fﬁﬂhrﬁﬂﬁl_%%:eﬁlewﬁlrr{ugﬁé&%ﬁ9 i@h! € 5 chip

56 is inplemented wwth a Viterbi configuration. Figs. 5A and G5B illustrate

t he swi t chi ralgdréhme €fheae partfigusamng bar be mafedusing thenmematyaaccesk enitd@ei ver

configuration. An _exanp|e of thig 'switching is done at the transition
tﬁczaa%fsawgala

' bet ween confaguasHIne lage. Ap g prefprred smbgdumenpthe dackgroundy 4B,

10 In HKiQ. %;;]ﬁ conf 1 aur atd Lk he path

_ searchtlailr5 coﬁ@fjgth&g{él%ﬁ. ?ggc@% |%V%lrdesmﬁgr%@#fag’ger%g@%ﬁ%%ﬁec 62 into
the path seaabific.cThé iddingtofahe baRgroufe plaee apieitalslpldoné althi Lsepamatehmnt s t he

pat h searching portion of the conputer system The rake receiver

confi gur at i giystem fremdbeidatarconnenelings aisedt tuthe redoafiguighle fabyigge.e t hat the
reconfigurable fabric includes a nenory unit which can allow data from one
configuration to be accessed by a second configuration w thout requiring
data transfer. Looking at Fig. 5B, when the path search configuration has
fini shed operating, the rake receiver configuration fromthe background

pl ane 64' can be 20 | oaded into the foreground plane 60" . This then al nost
i nst ant aneously configures the reconfigurable fabric 62" in the rake

recei ver configuration, which can be conpletely different fromthe path
search configuration. The switching, as shown in Figs. 5A and 5B, can be

L o " Y Y - .




WO 02/056-481 '7_ PCT/USOL/~9-t136 Fig. 7 illustrates the use of a
reconfigurable chip in nmultiple configurations. This shows the

reconfi gwvahbesd@bri c processing as well as the CPU procesgirnigoe/Jd18s CPU
all ows the cal culation of portions of the communication algorithmdifficult
to inplenent on the reconfigurable fabric. It also provides a resource for
5 calculation which is separate fromthe reconfigurable fabric. The use of
the CPU on a reconfigurable chip having a reconfigurable fabric thus

provi des advantages to inplenmenting the conmunication system al gorithm
Fig. 8Aillustrates an enbodinment with #ultiple reconfigurable chips, some
of the reconfigurable chips inplenenting a fixed configuration. The synbol
rate 10 processor 70 switches between a Viterbi configuration 72a and a

Turbo confi gurat i gadifiékal dEfafl$ of e ¥éconfigiitbleadhtp 8dh b RufdERfRiHeon of a
wi rel ess communi cation systemfollowng a U S. standard for w rel ess Code

Di vi si on MuldisqiosarerofUss RagiovNo. 597§.25, |"Ahdst6galt@hPmne$nﬂaAdd ment in which
a reconfi gu bI e chi - random nunber nerati on,
denodul at i o @tﬁgi)g%%déﬁ g)egiego (%ﬁmuger st t‘gi@‘é‘lﬁp“é‘: chip 82
I mpl enent s tItieCB’blEéare'Phl ﬁﬂ? bR%dd l&rr %%rsl‘efkgenc'é' .10 illustrates the

swi t chi ng between t'he di ent con |gurat|ons in the reconfigurable chip

80 of Fisg. 9. 20 Figg2Alillusistes the prferhedl donfiphrasivii af ihegswiktRingetwdenahe of t he
reconfigurable chip 80 of Fig. 9. Note that reconf |tgur abl e chips used in
t he present fpfﬂgé@ﬂﬂdoﬁﬂ atraék&rgp@tplamy Thechagkgronnd genfipas @l@tfa@m@ﬁ’ oper ation

oot el ST SR B b e 50 A BPRBLEL o0 e
nunber conf '&Hﬁgﬁﬂaﬂﬂﬁ niehdri @lestiehf §2 8dMfigures the configurable unit 44 within the
reconfigurable fabric. When the background plane is activated, the data in the
10 background plane writes over the data in the foreground plane. If the old
configuration needs to be run again, it is reloaded into the background plane.
Fig. 2B shows an alternate and less preferred embodiment in which the
background configuration element 40' and foreground configuration element 42’
are connected to the configurable unit 44' using a multiplexer 46. Due to the
15 additional overhead of this embodiment, it has been found to be less preferable
than the example of Fig. 2A.
Figs. 3A and 3B illustrate a reconfigurable chip 50 which implements three
portions of a wireless communication system. In this example, the reconfigurable
chip 50 is part of a base station unit which implements, within a frame 52
20 operation time, three different configurations: a path search configuration 52a, a
rake receiver configuration 52b, and a Viterbi configuration 52c. Note that in a
conventional FPGA implementation, each of the configurations needs to be loaded
in an FPGA chip at the same time. This requires the FPGA to be significantly
greater than the size of a reconfigurable chip used with the present invention.
25 Note that during the operation of each of the configurations, another configuration
is loaded into the background plane. Thus, when the operation of one of the
portions of the communication system is finished, the reconfigurable chip can

quickly switch to another configuration.



reconfigurable chips is partially determ ned by the nunber of users
serviced by the base station and the resulting processing burden in each
confi gur ayp@iosdsg g€ base stations nmay have many users angcygRo1¥iSe
reconfigurable chips, some of which WD 02/05Gt81 PCT/USOL/.19-t36 _g_
are dedicated to a single configuration. A base station working with fewer
users may have nore of the comruni cation system configurations inplenented
on a single reconfigurable chip. The required processing speeds al so affect
this inplenentation arrangenent. 5 Note that in the systens of Figs. 3-8, a
pseudo-r andom nunber generator is not siewn. In one enbodi nent, the
pseudo-random nunber generator is inplenented as a portion of the path
searcher or rake receiver inplenmentation, which may require additiona

configuration swigighiAGHustYatedAalteindte sySEmPRSKHER W%ﬂﬂﬂ%ﬁﬂg%ﬁ%f ator can

be inplenented in a spare tine slot. In one 10 enbodi nent;
pseudo- r andoeeanfigheablaeip Sdtaod reconfigurabld-chipdss, gee esealt oAs shwhdi ini Figal detail s
of one enbodj nent .of an_inplepentation of a conmunication system(a

wi rel ess badiB:db $ilp smpodimeat Wihinthe Hamgiaperation simes>&,iapath s¢9T¢the f ol | owi ng

appendi ces. i i I t t j nd rake
o ever - ASSRREIIS 3sL BRPIKP fekeRer ol fiklnSan dierRE ThEREMTTAPIIE
i ncl udi 5Bg dehip 56 istinplerg@itelt wikla \Uesirchfpurafp@endi x 3 gives details of the

inplementation of a Viterbi algorithmon a reconfigurable chip. It will be
appreci ated by tHdge ¥ aust 8B pdusyraikhe switehing between alpath sehgheémvent i on can be

L oot i BRES b bl Gtin SRR o LSRR L
et o den SISO R A b ok e R e s, e
t he foregoi gbddFigi4B.i on, and all changes that cone within the neaning and
Bg/n 82631‘98iq35zal eipltFSig.t Shfg,r tel'\l(e)ffor%g;eouing tcgrrlltgljgei\]?attio% rggmgp;) (L)(()a ggr?tai?x? [h%i pré]li:h o
searcher configuration. This configures the reconfigurable fabric 62 into the path
search configuration, and the reconfigurable fabric implements the path searching
portion of the computer system. The rake receiver configuration is loaded into the
background plane 64.
15 Note that the reconfigurable fabric includes a memory unit which can allow
data from one configuration to be accessed by a second configuration withcut
requiring data transfer.
Looking at Fig. 5B, when the path search configuration has finished
operating, the rake receiver configuration from the background plane 64' can be
20 loaded into the foreground plane 60'. This then almost instantaneously configures
the reconfigurable fabric 62' in the rake receiver configuration, which can be
completely different from the path search configuration. The switching, as shown
in Figs. 5A and 5B, can be done within a single clock cycle, as long as there is
sufficient time during the processing of the prior configuration to load the next
25 configuration into the background plane.

Fig. 6 is a flow chart of the system of Figs. 3A and 3B. Note while one of

the configurations is being loaded, the other configuration can be run concurrently.



Clainms: 1. A communication unit conprising: PCT/US011~9~36 at | east one
reconfigurable chip inplenmenting at | east part of a conmunication system
the at | emeto20smsr econfi gurabl e chip including backgroundpenaisoniesy ound
configuration nenories, the at | east one reconfigurable chip being | oaded
Wi th portions of the comunicati on system design, wherein the background
configuration nenory is adapted such that it can be |oaded with a
configuration while the at | east one reconfigurable chip, configured with

t he foreground pl ane, operates, and wherein after the background
configuration loads, a portion of the cdnmunication system design | oaded in

- the background configuration nenory can be activated to reconfigure the at

| east one reconfigurable chip. 2. The communication unit of Caim1l wherein
the reconfi gur ablRigchilpustraes dreeust of atre¢onfigurapler ¢chipin mutlplet@siyurations.
comuni cation system 3. The comunication unit of Caim31 wherein the

reconf i gur abitds shaws the sesontigurable fabrisprogessing|as wedlns; the SPY prosessingal

processing Uit epdb FOIURGAL AN or He SrbEhathieng dpne

reconfigurab Fp 1 sac ation

comuni cat i Qfiffi¢Ritto Ahpleh@hidnlthahiedRkiBuiabR BAONTH A4 ol Rie§ RirdsoufiR! BFENt S a
pseudo-random code generator. 6. The comunication unit of Caimb5 wherein

t he recdnfi gakahitiencthigh isrspparaterftan thegret ohfigndable) tabeicathe. use of\he02PU~6~81
-10 PCT/ USCOL/ ~9~36%f7. Tlge g.og]guni cation. uni tl f d Eli m 1 wherein the

comruni cat i &It SIFSPRISYRYE L8 DSRVHIGAICFR ‘%?t{?gqbélcd &y Rrovigles g¢yantages

conmmuni cat i Ui . %&rﬁq%‘ﬁ i [ nted comruni cati on system
conpri ses aqgéﬁglegegﬁlpﬁl@ . e%@h%%%gﬁaghﬁﬁi t of aim1 wherein the
reconfi gurabl e clip. 8Anllesimaresinrenibodiphent oathf mglbipRt reomtfiguiable ditips, some

comuni cation unit of Caim9 wherein the path searcher/ rake receiver
nul ti pl e corfithgirespniigirable ehipg dmplemsntinge fixed eonfigymtionk el eeymbpbrate 11. The

Vi tor bilOdec Jaasebics ) i bt eO°d ShedaR Coutir EA R ooy a1
wher ei n nul tdopligufaié®Pob.gur abl e chips are used in the commnication system
at | east one of "the reconfigurable chips inplenenting nmultiple
configurations. 1Hgs. Thel diustramiaodmplementattion of a@riedless tominarnidationsysery uni t s
Wi thin following a U.S. standard for wireless Code Division Multiple Access (CDMA).
Fig. 9 illustrates an embodiment in which a reconfigurable chip 80
15 implements pseudo-random-number generation, demodulation, figure search and
access search, while reconfigurable chip 82 implements the Viterbi and other
processing.
Fig. 10 illustrates the switching between the different configurations in the
reconfigurable chip 80 of Fig. 9.
20 Fig. 11 is a flow chart illustrating the operation of the reconfigurable chip
80 of Fig. 9.
Note that reconfigurable chips used in the present invention are especially
useful in the base station operation of a wireless communication system. In the
base station operation, multiple communication connections are operated
25 processed. The assignment of the number configurations to the different
reconfigurable chips is partially determined by the number of users serviced by the

base station and the resulting processing burden in each configuration. Large base

stations may have many users and use more reconfigurable chips, some of which




the reconfigurable chip can store data between configurations. 14. A method
of inplenenting a communi cation system conprising: |oading first portion of
comuni cayoomosyst em desi gn in reconfigurable chip; runni pgTiUsel/foassest
portion of comuni cation system design on the reconfigurable chip; WO

02/ 05@&1 -11 PCT/USOL/.19-136 at |east during part of the running step

| oadi ng a second portion of the comrunication systemdesign in the

reconfi gurabl e chip; and running the second portion of conmunication system
design on the reconfigurable chip. 15. The nethod of O aim 14 wherein the
comuni cati on system conprises a wrel e®s comunication system 16. The

nmet hod of Claim 14 wherein nultiple users are served by the comuni cation
system 17. The nethod of C aim 14 wherein the conmunication systemis a

part of a bafedsdiited a difigle Doafigmutior] Afbast sdativril wovking &iith fetver fiderst or
second portion conprises a path searcher configuration. 19. The net hod of
Cl ai m 14 whenay havermore ofhe epmmpnisaipnysieMosonéigRiatione gnplemgried paa@ei ver

configuration. ,20. The t hod d aj 4 wherein.the . first portion
conprises a Sb‘éﬁl%rescgaﬁé'ﬁé € ﬁﬁ’ri gg}lg%dlgwaes[s S@E%‘%r?&sop%fetcf conprises a
rake recei vempfhdrtdtion®rt@Bemed; The nethod of Caim 14 wherein the first
or second portion conpriseS a Viterbi configuration. WO 02/ OSG-81 -12

PCT/ USOB/ . | 9- ~3G Ig@te thHdtan mhet dysitmefof Cligsi 318,4 pshadeerandomenunabies gemsrator on
conprises a Viterbi copfiguration and the second portion conprises a Turbo
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which may require additional configuration switching. Alternately, the pseudo-
random-number generator can be implemented in a spare time slot. In one
10 embodiment, the pseudo-random-number generator is a gold-code generator.
Additional details of one embodiment of an implementation of a
communication system (a wireless base station) on a reconfigurable chip is given
in the following appendices. Appendix 1 describes an overview of the path
searching and rake receiver. Appendix 2 gives details of the rake receiver
15 embodiment including details of a gold-code generator. Appendix 3 gives details
of the implementation of a Viterbi algorithm on a reconfigurable chip.
It will be appreciated by those of ordinary skill in the art that the invention
can be implemented in other specific forms without departing from the spirit or
character thereof. The presently disclosed embodiments are therefore considered
20 in all respects to be illustrative and not restrictive. The scope of the invention is
illustrated by the appended claims rather than the foregoing description, and all
changes that come within the meaning and range of equivalents thereof are

intended to be embraced herein.



25. The nethod of Claim 14 wherein the first or second portionis a

denodul ator configuration. 26. The nethod of Caim 14 wherein the first or
second powbioonsdss1 a finger search configuration. 27. The petrthsoyglhsd ai m 14
wherein the first or second portion is an access search configuration.
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operates, and wherem after the background conﬁguratlon loads, a portion of the

communication system design loaded in the background configuration memory can

be activated to reconfigure the at least one reconfigurable chip.

2. The communication unit of Claim 1 wherein the reconfigurable chip

implements at least part of a wireless communication system.

3. The communication unit of Claim 1 wherein the reconfigurable chip

comprises a reconfigurable fabric and a central processing unit.

4, The communication unit of Claim 1 wherein the reconfigurable chip

implements a communication receiver.

5. The communication unit of Claim 1 wherein the reconfigurable chip

implements a pseudo-random code generator.

6. The communication unit of Claim S wherein the reconfigurable chip

implements a gold code generator.
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8. The communication unit of Claim 1 wherein the implemented

communication system comprises a base station.

9. The communication unit of Claim 1 wherein the reconfigurable chip

implements multiple configurations.

10.  The communication unit of Claim 9 wherein the path searcher/ rake

receiver multiple configurations include a path searcher and rake receiver.

11. The communication unit of Claim 9 wherein one of the

configurations comprises a Viterbi decoder configuration.

12.  The communication unit of Claim 1 wherein multiple reconfigurable
chips are used in the communication system, at least one of the reconfigurable

chips implementing multiple configurations.

13.  The communication unit of Claim 1 wherein memory units within

the reconfigurable chip can store data between configurations.

14. A method of implementing a communication system comprising:

loading first portion of communication system design in reconfigurable
chip;

running the first portion of communication system design on the

reconfigurable chip;
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16.  The method of Claim 14 wherein multiple users are served by the

communication system.

17.  The method of Claim 14 wherein the communication system is a

part of a base station.

18.  The method of Claim 14 wherein the first or second portion

comprises a path searcher configuration.

19.  The method of Claim 14 wherein the first or second portion

comprises a rake receiver configuration.

20.  The method of Claim 14 wherein the first portion comprises a path
searcher configuration and the second portion comprises a rake receiver

configuration.

21.  The method of Claim 14 wherein the first or second portion

comprises a Viterbi configuration.
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24.  The method of Claim 14 wherein the first or second portion

comprises a gold code generator

25.  The method of Claim 14 wherein the first or second portion is a

demodulator configuration.

26.  The method of Claim 14 wherein the first or second portion is a

finger search configuration.

27.  The method of Claim 14 wherein the first or second portion is an

access search configuration.



