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| MPLEMENTI NG &WOPREGESS COVMMUNI CATI ON SYSTEM USI NG A RECONFI q)%éyé,, ,Eﬁg%ﬂ
W TH A RECONFI GURABLE FABRI C BACKGROUND OF THE I NVENTION 5 - The present

i nvention relates to comunication systens, nore particularly to wreless
communi cation systens. Wrel ess conmuni cati on systens are typically

I npl emented using integrated circuits. For many situations,
application-specific integrated chips (ASI Cs? are used to inplenment the
comuni cation system This is especially donel-10 for w rel ess comuni cation
base stations, which can be used to service a |large nunber of users. The
desire for flexibility in the communi.cati on systens have led to the use of
field programmabl e gat BYSTEM ANFMHIHOD OPIMIEEVIENTING A WIRkELFsRe
comuni cati on system The FPGAs, however, have a consi derabl e down side.
The size and resul ti ng COMMUNICATIORSeSTERAUSING R AR ONFIRETCaImE ex 15
algorithns used in wreless comunication systens, especially base
stations, can be significanCHIPOWItiN A RECONFIGIRABLESFABRECt O have a
flexible yet inexpensive solution to the inplenentation of a conputer
conmmuni 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 inplenent a comruni cation system The
Wi rel ess conmuni cati on system b 8.2 M EhE Q lcation system for
exanple, a wireless conmmuni cati Yo Y ’-“'5‘!'*5 Ngurabl e chip

al ljows a postion of thige pREFMIAGRELA Relgl .

. th‘g background confi gurgt i on pl ane whi | giﬁﬁ%ﬁ{ﬁ?kg%@ﬁ%ﬁﬁcrﬁ% %ﬁg%ﬂ'dmrﬂ
conmmuni cati on 10 wireless communication systems.

Wireless communication systems are typically implemented using
integrated circuits. For many situations, application-specific integrated chips
| (ASIC;) 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 pre_seni invention comprises using a reconﬁgUrab!e chip with a
20 background and foreground configuration plane to implement a communication
system. The wireless communication system can be a wireless communication
sysiem, 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.
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t he background pl ane can be quickly switched into the foreground plane.
This is not possible with FPGAs. FPGAs require a significant anount of

time (in the range of one second) for the configuration loading. Wile

this is acceptable in many situations, for comrunication al gorithns, such

as the nultiple-step frane processing used ip a wireless conmuni cation

base station, the configuration needs to be™sw tched nmuch qui cker. Anot her

enbodi nent of the present invention conprises a nethod of inplenenting a
communi cation system conprising the step of loading a first portion of the
communi cat i on dedP§sonfiguradon it Bweftiagkgrabhd plane pan beiquickly sviechedristo thélO

portion of the r i gurabl e chip, and | egst._during part of the running
step; |loading a g%%@ﬁh%é’f%on%f PS(‘HE p@éﬁé@dﬂﬁhkrgﬁss&@% deapiiggn $1antfigant
reconfi gurabl e cimpunt@ dica Rl i (of6) i caty
design on the re(_:o?l?[i gu!r ab‘pg tgﬁr%@@gf%ﬁ??%ﬁggtgdrﬁg%géw ug l'?%@'&ekg@ﬁﬂ%d
pl ane confi gur at $hinisanceptitde i Maopairadtiong, B chhenireEioh QWAYitRANich as the

configurati Qn al | OE/S for the comunication . algorithmto be i npl enent ed
qui ckl'y and ef f i DPER{G-SIep Bme piogessme: wed dbmwiralesscoomijeatiom tiss sighiom ribe

switched in as %%nﬁggra‘%ﬁmé%s ﬁ!, %ﬁitc&‘ggﬁa#ﬁf%?%g} he reconfigurable chip

allows for the co nication sys ‘broken down into snaller

configurations. This &hd¥sSembedinRRaIPIE pr&esdlins&Rdn&lom i chip
hayi ng foreground and background pl anes tp(g ge Ssed inn Oa @%?Egtr?%{hg@whgre a

| ar ger FPGA woul BRPEMRIGAR Secciwmngicaléah syStenscanprisisg g fieenidadingedniee t he
C o e oL B ST b e o S i
: 10 portion of the reconfigurable chip, and at least during part of the running step;
Toading 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 alfows 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 smailer configurations. This allows, for example, a
20 smaller reconfigurable chip having foreground and background planes tb 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 QF THE DRAWINGS

Fig. I 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.



-25 background configuration planes which can be used with the syszt gn‘i&% %ﬂﬂ@
present i nventY8AZ4348 APR 2005 WO 02/ 056481 PCT/ USO 1/ 49436 - 3p&rhis@r/s924s
illustrates a preferable inplenmentation of the switching between the
foreground and background planes. Fig. 2B shows a | ess preferred

i npl enentation of the switching between the foreground and background

pl anes. Figs. 3A and 3B illustrate a single recontigurable chip inplenented
such. that it switches between three configuration functions. Figs. 4A and
4B illustrate two recontigurable chips, one of which is inplenented to

.switch between two conmuni cati on system configurations.. Figs. 5A and 5B
illustrate the switching of a reconfi-gurable fabric between 10 a path
“search configuration &ndt Z\ illysirates agqrgterable implgmentation of 1 @0tdhing, belwian a

flow chart ill usE%f%%&goﬁ_ﬁama%cggﬁgjgg%«fgn\ggen a path searcher, rake

receiver, and Vit conf1gura _ ~areconfigurable chip such as the
system shown in Figs. FgA 28¢ho¥B a lekOpreferk@ gl ASHA0 #)l‘ e WA hi 'I;;[eg\? e |
switching of the comrunication system configurations for a reconfl u?gbtf]%
chip as wel |l as fafegreerd aed bankgewmssipignesnit  processing during the
different canfiguratigans %Rr 8[}§ﬁ&bodi ment of the systemof the present

i nvention. Figs. 8A aht$Sgg™iaf FlEalg asyagle fEcesfigerahigl chipinaplemented such
reconfigurabl e cighis swi onf i hips sw tching between a
Viterbi and Turbo swtBfes Yoobdlh i anth{aﬁBl.‘%m Clions.

| Figs. 4A and 4B illustrate two reconfigurable chips, one of which is
) _ implemented to switch between two communication 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 diagram illustrating the switching of the communication system

) 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.
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configuration. Fig. 9 illustrates a two-reconfigurable chip inplenentation
of a CDVA compibH@kiQn system Fig. 10 illustrates the operatipormeboizhass
first reconfigurable chip in the systemof Fig. 9. 25 Fig. 11 is a flow
chart that illustrates the operation of the systemshown in Fig. 10. 2 5
APR 2005 WO 02/ 056481 PCT/ US01149436 -4 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Fig. 1 is an illustration of a reconfigurable chip 20
whi ch can be used in one enbodi nent of the present invention. The
reconfigurable chip includes a foreground cehfiguration plane 22 and a
background configuration plane 24. The 5 foreground configuration plane 22
configures the elenents of the reconfigurable fabric 26, such that than
portion of the comumERAIRBRDSYESERIPER)NOEZARPREFERRED BMBODIMENT
preferred enbodi ment, the reconfigurable chip 20 also includes a processor
28 such as a reduced iHigtF iscarn dhs@mommfrmtﬂconfggl(rmls@lm%Nhalh cagrhgcusediimg
unit (CPU). In one enbodi nent rL.uns,. portio

communi cati on syS8hefnRPgiment HHWTEW%PB’EBV‘P’T i EB’F f CWBEEWLMP ingludes 2
reconfigurable f

enbodi nent, i ncf&%%s unggn @B‘R H{)ﬁg ?g%rn g%q{eabg%t gn%g?ﬁ%lﬁ?fi@bﬁgﬂgﬁy The
units, and inter c&aglmhd ceh@gmation plane ameoaﬁgxﬁd:s rentlemeine of dtearepenfipusable s
i ncl ude conparators, arithmetic logic unit (ALU), and registers which
are configurabl ef&boicl%lséﬂhﬁta[ 2pogiy ol he §eMBTUNGREOR SKBEMASHEN GAN YRe

-embodi nent, the re@onflt%areﬁgl e fTabrl o 6 al grﬁ %%F@’C@' rﬂﬁgcﬁ%tﬁaig& ﬁ{zﬁm(g?

sucj] as nultipli BPEEREH efient's Fcan
for” storing data, gf'ocre&%r@S%Eh Tag'g‘re(!llﬂ:cé llﬁkrtﬁlf:ﬁéﬂ &4 RIPREhFRRISCY deitral

configuration bits for the different
processing unit (CPU). In one embodiment, the CPU 28 runs portions of a

10 communication system algorithm which are difficult to implement in the
reconfigurable fabric. The reconfigurable fabric 26, in a preferred embodiment,
includes-a number of configurable data path units, memory units, and interconnect
elements. In one cmbod.imen_t, the data path units include comparators, an
arithmetic logic unit (ALU), and registers which are configurable to implement

15 operations of the algorithm. -In one embodiment, the reconfigurable fabric 26 also
includes dedicated elements such as multipliers and memory elements, The
memory elements can be used for storing data of the algorithm.

) : In a preferred embodiment, the configuration bits for the different
configurations of the communication system are implemented by compiling the

20 algorithm with a software compiler which allocates the reconfigurable elements in

 the reconfigurable fabric to portions of the algorithm. The external memory 30
can be used to store the different configurations for the communication system
| algorithm. These configurations can be loaded using the memory access unit 32
and bus 34 into the background plane. Ina preferred embodiment, the background *
25 and foreground planes are interleaved with the reconfigurable elements in the
fabric. The loading of the background plane is preferably done with a separate bus

system from the data-connect lines used in the reconfigurable fabric 26.



configurations of the comunication systemare inplenented by corrp2I5 r@DH 8395
20 al gorithm W bzase3gf t ware conpiler which allocates the reconﬁtgugag£93(

el enents in the reconfigurable fabric to portions of the algorithm The.
external menory 30 can be used to store the different configurations for

t he communi cation system algorithm 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 anes are

interl eaved with the reconfigurable elements-3n the fabric. The |oading of

t he background plane is preferably done wwth a separate bus system from
~the data-connect |lines used in the reconfigurable fabric 26. WO 112/056431
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chip can be found fromthe disclosure of U'S. Patent No. 5,970,254, "An
| nt egr at ed Pr ocedisoloskiredof Pr&)gfmmmrM e. mas@aw e grated Préssnf Al abl e
Computer," issued to Laurence H. I ncor porated_ herein by

reference. 5 Fig: Programmafds Patackath ﬁé‘ be‘EfPEﬁCPBGE'H@H'Fl GRPBYEON iped H)eLaurence
swi t chi ng bet Weeﬁlot@oeokef Q{QQrQQ%B nﬁqj lpegglléq;evo ?egreﬂ)% anes. The background

configuration ne el énent rom e external nenory,

while the foseground F@,%miAng@tate@mhmmwedeé@ﬂ@maﬂ% Sfané kglictdfg bl®veen the
confi gurable unit 44 within the reconfigurable fabric. \Wen the background

pl ane is acti vat &degronad dad dackgrowd plondsackiag mrwrﬁm@nﬁgumégnmﬁ@mwhe
data in the foreground

again, it is rel B5FEA 4@1’%@1%@’%3%&&’8{?%&’%? %ﬂgrryglt“a“féégg g(%ggé)oa .
clonf |r 33: gt ?gﬁ leIetgorit]eﬂrlft’ru‘?%t @%ﬁgr egr ounzdb(?:ho :rgét}rhg? ﬁgﬁ@g%glﬁeq}r?wtl Wllhlzfllruele
connected to t herdconﬁgugub&bfhsnun Whehdhe baikzgowndplané pl xiested Gthedae inaht he
15 additional overhead of this enbodinent, it has been found to be | ess
preferabl e 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 embodifnent, 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 conﬁgdrations: a path search configuration 52a, a
rake receiver configuration 52b, and a Viterbi configuration 52¢. Note that ina
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.



than the exanple of Fig. 2A. Figs. 3A and 3B illustrate a reconfi gu kPR 200

‘chip 50 whi chyig@lkRpRRts three portions of a wirel ess conmuni c,aé{,gg,m%%
system In this exanple, the reconfigurable chip 50 is part of a base

station unit which inplenents, within a frane 52 20 operation tinme, three
different configurations: a path search configuration 52a, a rake receiver
configuration 52b, and a Viterbi configuration 52c. Note that in a
conventional FPGA inpl enentation, each of the configurations needs to be

| oaded in an FPGA chip at the sane tine. Thiss 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, anothgf hﬁg}“ﬁiugéﬂﬁ% sxgggerinac'sya@ﬁldmi »oﬁagﬁws r&%ﬁgn&u&dcmbene-

Thus, when the operati one portions of the conmmuni’cation
systemis fini shecdgnfiguealslechipl SHandatdcenEhirpbie @hip 86 avkluyeds WAk Ghown i fgg.her
configuration. WO 02/056481 -6 2 5 APR 2005 PCT/ USI | 1/49436 Fig. 4A o
illustrates an #tB-dpihisembpdineatwitiipithirame opewsienityes a8l pathispych

reconfigurabl e i and.reconfi gurable chi 6, e used. sho i
Fo i nicBaihBhesh S R oo e R RS S B B
search confi gurichty 86 iPRapieMenked kil £¥REME coRBMIlaAYR at i on 58b operate. The
reconfigurable 5 chip 56 is inplenented with a Viterbi configuration. Figs.
5A and 5B il | ustrate Kige SAiand BBnijuitetteensvatghatghbawaer hgath wardhegur at i on

and a rake receiver configuration. An exarfr:p e of this switchi ng is .done at

le ¢
the, transition ERUBUAUSRART uUrkE FeSAYEESONTIENEAtY, At eXanple SBthigFIteHAg M

cont o o The pa e S04 farsRibn (eAG L FRRRHRE SO LAY PRI LHa 390 and
reconfigurabl e fsgbrdfFig24Bnto the path

10 In Fig. 5A, the foreground configuration memory 60 contains the path
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.
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searching por¥Pda®8#H8i he conputer system The rake receiver cortirgwidatson
is loaded into the background plane 64. 15 Note that the reconfigurable
fabric includes a nmenory unit which can allow data fromone configuration
to be accessed by a second configuration without requiring data transfer.
Looking at Fig. 513, when the path search configuration has finished
operating, the rake receiver configuration frgm the background pl-ane 64
can be 20 loaded into the foreground plane 60". This then al nost

I nstant aneously configures the reconfigurable fabric 62' in the rake

recei ver configuration, which can be- conpletely different fromthe path
search configuration. Hge’ diistrates wog usgsofghrgupnfiguralle gbip HAnainglesddifigaanions.
done within a si e, I as, | as there is sufficient tine
during the procegfglssnsgh%g‘%g C‘Fﬁggcépﬁ%?m@{srf?%ﬁpgqchge,swgléas theeC R @rogessing.
confi guration i nThe {0 haske tipuddh | i oW f. t he
system of Figs. 3A and 3B. Note V\hdi@%t?ﬁgor{ oglfj’onst ﬂéﬁggﬂ%@\ﬁ{}% %tﬁlsg%lnsmrﬁei ng

| oaded, the ot hedlifieif igimpltinont arathe wecanfigumbie fabtientit yiso PYOIds) REISEe Tdr 2

5 APR 2005 I35CT/ US01/,49436 Fig. 7 illustrates the use of a reconfigurable
chip in multpl SAGHRIYUMRIGhS separatp feom Hisvisconfeguralle hatiriur Bl usef efithe €PU
processi ng as wedd : S| e | |l ows the.cal qul ation
of portions of the ggcnél‘rﬁ%iu?a%ﬁ Q&Bgﬁg%kl%% ﬁ?ﬁx}?ﬁuf%?%ﬁ)[mttﬁg? Risv VHiagase

- reconfigurabl e flalimipteméritingl e comanniaGoRsyRER W gERithaAr 5 cal cul ation which
is}separate fromthe reconfigurable fabric. The use of the CPU on a

reconfi gurabl e chip hEg $4 Blussgents gmbediment wiithi oultiplesrepordigudatse ahipanscages
to i nplenenting 0 nication systemalgorithm Fig. 8Aillustrates an
erbodi ment. Wi t h oﬁfmrlﬁ? Ig;epcI i |gg@§hq%m|§mﬁgngm @ hixedheonfiguration. The symbol rate
10 processor 70 switches between a Viterbi configuration 72a and a Turbo
configuration 72b.
Figs. 9-11 illustrate an implementation of a wireless communication system
following a U.S. standard for wireless Code Division Multple 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 partiaily 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



of the reconfigurable chips inplenmenting a fixed configuration. Phe ﬁ%@th5
Tate 10 processor 70 switches between a Viterbi configuration 72a and a
Turbo confi gWWAe¥EE+H2b. Figs. 9-11 illustrate an inpl enent ati por@boguossc
Wi rel ess conmmuni cation system followng a U S. standard for wrel ess Code
Division Multiple Access (CDMA). Fig. 9 illustrates an enbodi nent in which
a reconfigurable chip 80 15 inplenents pseudo-random nunber generati on,
denodul ati on, figure search and access search, while reconfigurable chip
82 inplenents the Viterbi and other processing. Fig. 10 illustrates the
swi tching between the different configuratioﬁ% in the reconfigurable chip
80 of Fig. 9. 20 Fig. 11 is-a flowchart illustrating the operation of the
reconfigurable chip 80 of Fig. 9. Note that reconfigurable chips used in
the present invet€idsaicaied legpdngiacoyfigursidnil Ajbuse hmtibaserkingtv o faaenaédison

of a wireless co iLcation stem In the base station operation,

mul ti pl e conmuni 'cggy:i&gﬁeag}%ﬁ8Eﬁ]eo§?§‘lr3'?'éc%}98rsé{§téﬂ" eonfigurations dgplemsated on a
assi gnment- of - t hend1e Fa&Y; AMHiQbriat i ' r configurabl e
chips is partiall ygldet A by '?h?ﬁﬁ‘ﬁ%‘gﬁd OQQ%E gé‘\’ﬁ‘gclgodg@?‘?% base
station and the impdmhentagopawaesesieng burden in each configuration. Large

base statigns may har\ée rrlgny_ users and use nore reconfigurable chips, sone
of which 2 8 APR 200506 ©2Y1938a SystauesreiSes.13-80 2 pecud-rand onentinoteer epin¢ ratoa

singl e configurag hBPsho{a‘/rPaﬁFo et%i)@d?w:égﬂg:ﬁgll%gwé&lp f o\ée}f%ﬁu grrgqpega%/%have

nore of the conmunication system con Bngl e

oMot At | on A Fangenent e O Rk R lenicRlgTon,
pseudo- r andom nifilt M@ requiroadditional 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 | 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. Appeﬁdix 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 spifit 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
| Hlustrated 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.



is not shown. In one enbodi nent, the pseudo-random nunber gener apay mﬁR 2005
i npl emented as a portion of the path searcher or rake receiver ‘ ,

i mpl ement aWheat js claimeshishay require additional configuration switching.

Al ternately, the pseudo- random nunber generator can be inplenented in a
spare tinme slotl. Arbomnﬁuﬂi@ammwbnﬁgm:ab?&\@ﬂp§mwmﬂhdom nunber gener at or
is a gold-code generator. Additional details of one enbodi nent of an

i mpl enent at i QRofRfioirablABBMbHCRE oM s amhsdcandiconfipwstioes @ndt at i on) on a
reconfigurable chip is given in the follow ng appendi ces. Appendix 1

describes an,Qual QN 1wl tdbpoR§96 Wiairenhd wond cosfigratiomploendi x 2

gives details 15 enbodi nent including details of a

gol d- code gener at or. ndi x..3 give Al e iBNARL d26n@f a
Viterbi al W%%%aéggg’é]&ﬁf’%ﬁgé:ﬁ e ‘ﬁ%%ﬁ&[ﬁ V\nﬂmﬁrg appreci ated by those
of ordinary skill in the art that the jnvention can be inpl '

ot her specéaifigurations Pap s diffeesay operiiops mglestﬁf?ﬁg‘g?ﬁ%c g‘f g%:st%g © n'the

thereof. The presently disclosed enbodi nents are therefore considered 20 in
al | respectlgotithmne illustrative and not restrictive. The scope of the
invention is illustrated by the appended clains rather than the foregoing
descri ption, and, Fhé coihmniasionedontipueablé thiprofichainnt whicrain dhrifirsinge of

equi val ents thereof are intended to be enbraced herein. 2 5 APR 2005 What
is clai med, | Smudi &Iﬁ’%j | 4 S4th abireh opetioanyrthe renfigurable
confi gur ag‘fdgﬁrl}euﬁngﬁéblt?g st fg@élii?g%regﬁgfie%d conf ?gur_at img:\s; andﬁgur
reconfigurable l.ogic unit responsive to the first and second configurations
to inpl ertREIC Ut 5| gorithmw thin a comruni cation frane, wherein the first

and second configurations, programdifferent, operations w.thin the
reconfigurabl e 3h %@&n&qﬁ%éecc’&%&ﬁ%ﬂ% P?I%c;qlr‘é‘ ﬁﬁ’maﬁﬁ%ﬂm
reconfigurable chip of claiml| wherein the first comunication

conf i gur atdonmmimichtorecorsfigratiarimnsplamentsspmke reasives pperdiondyiheir le

logic umit.

4. The communication reconfigurable chip of claim 1 further including a third
communication configuration to implement a Viterbi operation by the reconfi gurable
logic unit.

5. A method of implementing a comniunication system comprising:

loading a first configuration to configure a reconfigurable portion of an integrated
circuit;

operating the reconfigurable portion of the integrated circuit with the first
configuration;

loading a second configuration to configure the reconfigurable portion of the

integrated circuit; and



logic unit. 3. The communi cation reconfigurable chip of claim1l V\,heZeEi rﬂp&gﬁﬂﬁ
second conmmunication confiugration inplenments a rake receiyer operation by
t he reconfi glb@@gltﬁgth@fgc@nﬂginfableflporﬂihnOfm&’&w&ﬁc?@(?ﬂm%ﬁﬁ chip of
claim1 fiuther 1nCluding a third conmmunication configuration to_i rrp}l)lerrent
a Viterbi operall LEARGhinaY isliRembagl bywonfigusing farscorfigusable
I mpl enent i ﬁﬁ“@%@%@‘ﬁﬁﬁ%@on sgst em corrpljr?li sing: loading a first
configuration to configure a r LiiaRs S bheBonuakcakioh dgined. ed
Bibav e P i el R paaR: |

circuit; I'gura portion of the integrated circuit

with the first configuratiaqn: .| i a se | 14 Rt “Eieffih@ur e
the reconfi gur atfi-dhsanstheg OgFIaFHW’éﬁ?%?égﬂgisgﬁé(@Ua@mt %Bg%gr APR 2005
operating the reconfigurable portion of the integrated circuit with the
second coriﬁtgnembf}omdméﬁ@ndmﬁ@“wqf‘tlﬁrﬁﬁ@?ﬁ%ﬁ%ﬁt ed by configuring
the reconfigurable chip with the first and second configurati,ons w t.hin
one comuni cat i oy) Theah®thod of Ciadm fefunther oﬁmpﬁaiklmsg)ﬂﬂﬁmﬁéﬁswﬁﬁﬂpﬁt‘ﬁ&ma
storing the first configuration in a first nmenory and the second

configurati ﬂ]&c}@oﬁfﬁféﬂﬁ)ﬁ%ﬁﬁ ke sebond B6nfigirtation @i a seaindtiodluef the memory.

conprising storing the first configurationin a first block of a nmenory

‘and t he secondmcggq.\%iﬁ%?étlﬁgﬁ B?ciai}{l% WhGRAofrGie e rfebsh ARIAY1Y portibn dif the

met hod of clai m= erern operating the reconfigurable portion of the
conf ' gur at ingpgrated. cires gk R ot el b Blls AR B RerkbhgRRaoRler
Conf 1 gurat on cSnfie seehed pileim Scuhirein SRRt iiPerreut e REE of the
SO :intcgrated circuit with the second configuration comprises a rake receiver configuration.

-

10. A system comprising:
one or more bidirectional antenna(e) and;

a device coupled to the one or more bidirectional _antenna(e), wherein the device
inciudes,
a memory to store first and second configurations; and
a reconfigurable portion of the device responsive to the first and sec?nd configurations
to implement within a communication frame an algorithm that uses the first and second
configurations to provide different operations within the device.
11. A storage medium comprising content, which, when executed by a machine, -

causes the machine to:

load a first portion of the communication system design in a reconfigurable chip;

10



~one or nore bidirectional antenna(e) and; a device coupled to the gn@ &?R 2005
tore 1115t 3agineangotiontibe cvmomBIcaHAR SIBLIE L SN o 1 he
device responsive to the first and second configurations to inplement

Cor ura RARRRABML ARG, 0, 30 L U2 1!, S Seeond
Ceosa he Tl A BB P B o e cat o oyst e

design in a reconfigurable chip; Afin ofnthe Ifestfpardon;pmdt | on of
t he commniinathaéhgl‘?}}g‘il@%“&e%tiqﬁ%’tgﬁgflﬁgg??c??rl]%i gura%l e chip in a foreground

pl ane; | oad a second portion of the communicat]j Bhdesigbnfiputahke chip
reconfi gur ablmndhépecohdp@%kﬁhﬁ&ﬁﬂmb%ﬁ&ma%ﬁ%yﬁgﬁri ng part of the

running of the first portion; and run the seco ortion -of itching occurs
comuni cat i vﬁyéﬁﬁgruﬁaﬁcggmundpmerteé%quﬁmﬁﬁd@g%%i%h&%@ ﬂé%/mgﬁﬁl ng t he

background plane to the foregound plane, wherein the swtching o
within a cq,r;l:&@ﬁ?i acg,t,,bﬂnnjcaﬁaﬁﬁaﬂﬁ Al anl @goﬁmmmwﬂ eEff Pﬁ?’é‘ﬁ?ﬂg i the
h o}

operations i e reground plane and the background plane. 12. The

storage nedj um of ¢clai i 1&f¥muni cati on system conprises a
F R R { i

wireless ¢ 3. The storage nmedium of claim 11 wherein

the communi cat| 0{12 S’E(hsé setcr)nraig‘se neediih of Pim®1 PéRerett 8 commiidication system

comprises a wireless communication system

13. The storage medium of claim 11 wherein the communication system 15 a paz.'t

of a base station.
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