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5 Some enbodi ments pertain to multicarrier communication systens, such as
systens that communicate wth orthogonal frequency division multiplexed
(OFDM) signals. Sone enbodinents pertain to wrel ess networks.
Background Wreless comunication networks are continually evol ving.

d der wirel ess L, i j r i 0 port
newer protocols mﬁﬁgrﬂéﬁ%@@ﬁﬂﬁﬁgﬁﬂgﬁﬂwI@ifﬁ?ﬁ%;A?ﬁg

i nfl exi bl e hardware confi gutRpCONHGIRABDE PIRROOESSINGIENGIWNES! ess

conmmuni cation devices make it difficult for such device's to efficiently
run a variety of conplex processes. Thuksthniegddicldre general needs for

W rel ess comuni cat i : i

15 Brief Description SO%% Qﬁ%%ﬁgnva%]fg@ © H %éﬂt %{\%Hﬁlp 6’?%21[ ﬂggmg&%g rcé]ﬁgfsug{cgﬁons'
conmmuni cat i dn deamecenboimegte pedaic ® miltibarsenemewbodionspttengfsutthe spstesethat

invention; FIG 113 i.llustrates recaqnfi bi.e Si ng, Gl itr

W relese commATEARIHHE qub eEvehTE dRs Ak 20 el R ERE I B o et b
present inventi@mbodidéhtfpéataito Wirdledshafs@sksa bl ock di agram of a
reconfrgurabl e processing engine in accordance with sone enbodi ments of
the present invention; FIG 3 is a tinme-Backgommd ystrating operations
performed by reconf 'Wreﬁepg €0 u%%ﬁéﬂ Gk L ‘zh[et & ntﬁlfuaﬁ’y V&VE)R’#‘%IS%ICR}I wueless
comruni cati on device in accordance wth sone odi nent's of the present

i nventi on; Hhd QEnfiGatibnidsviaes dromagh éintes omabmwwpg}rhgevmr@c@dMHnahng them

accordance vvlth SO nbodi f the pre nt i ntion

Descri ption The® ¥ nfol\ﬁl%??é WES I‘IFS BFFWO&%&E? P&%ﬁ?@?ﬁ’ie qo&gllgprgf@s Of many
speci fic enbodi ¢gRREBic8A WiRRsd Bv@RfuhRA U iEiesenbitay itt OifRnablie fbPSRyices to
skilled in the art to practice them Q her 30 enbodi nents nay

i ncor porate st rHEeigRIAY Tun1B0gFiglof cemaler pracatses. ghgsdhge a@rﬁ?ﬂ@@ﬁﬁ@%f%ﬁ@é@%
Exanpl es ner el y,Jypifiy ti%ﬂ%%h@ésewﬁ’@fléﬁ&le Aessl %da! duyale;component s and
functions are opti onaaI unl ess explicit él and t he sequence of
operations May vary. Portions Bl‘leDescrletlon of the Drawings

FIG. 1A illustrates a wireless communication device in accordance with some
embodiments of the present invention; |

FIG. 1B illustrates reconfigurable processing circuitry of a wireless
communication device in accordance with some embodiments of the present invention;

20 FIG. 2 illustrates a block diagram of a reconfigurable processing engine in
accordance with some embodiments of the present invention;

FIG. 3 is a time-line illustrating operations performed by reconfigurable
processing circuitry of a wireless communication device in accordance with some
embodiments of the present invention; and

25 FIG. 4 is a flow chart of processing procedure in accordance with some
embodiments of the present invention. ‘

Detailed Description

The following description and the drawings illustrate specific embodiments of

the mvention sufficiently to enable those skilled in the art to practice them. Other

30  embodiments may incorporate structural, logical, electrical, process, and other changes.
Examples merely typify possible variations. Individual components and functions are
optional unless explicitly required, and the sequence of operations may vary. Portions

and features of some embodiments may be included in or substituted for those of others.
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a portion of 108. The operations of reconfigurable processing circuitry 112 are discussed in more
20 detail below.

In some embodiments, during transmitting operations, MAC layer circuitry 106

may provide un-encoded bits of MAC f{rames to reconfigurable processing circuitry 112

of physical layer circuitry 104. Reconfigurable processing circuitry 112 may process the

un-encoded bits of MAC frames and generate baseband signals for analog front-end

25  circuitry 110, which may generate RF signals for transmission by antennas 102. The

operations of reconfigurable processing circuitry 112 are discussed in more detail below.

FIG. 1B illustrates reconfigurable processing circuitry of a wireless

communication device in accordance with some embodiments of the present invention.

In some embodiments, reconfigurable processing circuitry 172 may represent a part of a

30 physical layer of a wireless communication device and may represent only a portion of

the processing circuitry of a wireless communication device. Processing circuitry 172

may correspond to reconfigurable processing circuitry 112 (FIG. 1A) and may be

suitable for use in a wireless communication device, such as wireless communication



the processing circuitry of a wireless conmunication device. Processing
circuitry 172 may correspond to reconfigurable processing circuitry 112
(FIG 1A) andomyrheisssuitable for use in a wirel ess comeaT®atism00429
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3 device 100 (FIG IA). In some enbodi ments, processing circuitry 172 may
be configured to process received signals and may be part of a receiver,
while in other enbodinents, processing circuitry 172 may be confi gured
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Reconf rgurabl e processing engi ne 116 may include registers (REDS) 132
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122 and 20 run-ti reconf.i,gur r diw t
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processi ng engi neuflal wiph sgséss bmgl 22, memories (MEMS) 134 coupled with system bus 122 and
20 run-time reconfigurator (RTR) 136 coupled with systems bus 122. Reconfigurable
processing engine 116 may also include reconfigurable interconnect network 130, which
may be configured and reconfigured by run-time reconfigurator 136 and may allow
registers 132 and memories 134 to be coupled with a plurality of functional units,
discussed in more detail below. Reconfigurable interconnect network 130 may also
25  couple with high-speed data path 118 allowing data to be transferred to and from
reconfigurable processing engine 156 without interference from processing unit 120 and
without the use of system bus 122. In some embodiments, reconfigurable processing
engine 116 may be a reconfigurable baseband processing engine for processing
orthogonal frequency division multiplexed (OFDM) signals, although the scope of the
30  invention is not limited in this respect.
Reconfigurable processing engine 156 may include registers (REGS) 142
coupled with system bus 122, memories (MEMS) 144 coupled with system bus 122, and
run-time reconfigurator (RTR) 146 coupled with systems bus 122. Reconfigurable



ort hogonal frequency division nultiplexed (OFDM signals, although the
scope of the 30 invention is not [imted in this respect. Reconfrgurable
processi ng ewmg) ne7/0&63may i nclude registers (RUGS) 142 ceaplrdoosiobiaz
system bus 122, nenories (MEMS) 144 coupled with system bus 122, and
run-time reconfigurator (RTR) 146 coupled w th systems bus 122.
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operations, although the scope of the inventionis not limted in this
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reconfigurabl e proGRSSINGERYL N&LASIRY PERENA engREt 10 tnd 156 with run-time

reconfigurators 136 and 146. Processing unit 120 may control reconfigurable processing
20  engines 116 and 156 via state registers, such as registers 132 and 142, In some
embodiments, reconfigurable processing engine 116 may perform low-latency
operations on complex baseband signals 115. The low-latency operations may include,
for example, signal detection, frequency correction and Fourier transform operations,
although the scope of the invention is not limited in this respect. The performance of the
25  low-latency operations by reconﬁgurable’ processing engine 116 may generate soft-bit
vectors. In some embodiments, reconfigurable processing engine 116 may be
reconfigured by processing unit 120 for separately and sequentially performing each of

the low-latency operations. An example of this is described in more detail below.
In some embodiments, reconfigurable processing engine 156 may be configured
30 to perform decoding operations on the soft-bit vectors generated by reconfigurable
processing engine 116. The soft-bit vectors may be received from reconfigurable
processing engine 116 over high-speed data path 118 which may be inaccessible by

processing unit 120,



vectors. In some enbodi nents, reconfigurable processing engine 116 nay be
reconfigured by processing unit 120 for separately and sequentially
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20 consumption).

In some embodiments, after each operation when a processing engine
configuration remains fixed, the engine may raise a corresponding assigned interrupt
request (IRQ), which may force processing unit 120 to decide which operation to
perform next, although the scope of the invention is not limited in this respect.

25 In some embodiments, each of reconfigurable processing engines 116 and 156
may have logic elements configured and suited to perform certain tasks, such as
baseband processing operations on OFDM signals, or decoding operations on soft-bit
vectors, although the scope of the invention is not limited in this respect.

Although processing circuitry 172 is illustrated as including reconfigurable

30  processing engine 156, in some embodiments, reconfigurable processing engine 156
may be replaced with non-reconfigurable logic circuitry when, for example, only
predetermined decoding operations need to be performed.

In some embodiments, wireless communication device 100 (FIG. 1A) may



perform next, although the scope of the invention is not limted in this
respect. 25 In sone enbodi nents, each of reconfigurable processing
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communication device 100 (FIG. 1A) may be almost any wireless communication

20 device. In some embodiments, the frequency spectrums for multicarrier communication
signals communicated by wireless communication device 100 (FIG. 1A) may comprise
either a 5 gigahertz (GHz) frequency spectrum or a 2.4 GHz frequency spectrum. In
these embodiments, the 5 GHz frequency spectrum may include frequencies ranging
from approximately 4.9 to 5.9 GHz, and the 2.4 GHz spectrum may include frequencies

25  ranging from approximately 2.3 to 2.5 GHz, although the scope of the invention is not
limited in this respect, as other frequency spectrums are also equally suitable. In some
broadband and WiMax embodiments, the frequency spectrum for communications may
comprise frequencies between 2 and 11 GHz, although the scope of the invention is not
Iimited in this respect.

30 In some embodiments, wireless communication device 100 (FIG, 1A) may
transmit and/or receive radio-frequency (RF) communications in accordance with
specific communication standards, such as the Institute of Electrical and Electronics
Engineers (IEEE) standards including [EEE 802.11(a), 802.11(b), 802.11(g), 802.11(h)



either a 5 gigahertz (GHz) frequency spectrumor a 2.4 GHz frequency
spectrum In these enbodinents, the 5 GHz frequency spectrum may i ncl ude

frequenci es wan@hngsF§ rom approxi mately 4.9 to 5.9 GHz, andgkieosodi26Hz
spectrum may include frequencies 25 ranging from approximately 2.3 to 2.5

GHz, although the scope of the invention,}s not limted in this respect,
as ot her frequency spectruns are also equally suitable. In sone
br oadband and W Max enbodi nents, the frequency spectrum for

communi cat i ons By, s6OTRL) %ﬁaﬁgq&%ﬁa@g 188 e oAl v @ BB gNG:

the scope of the invention is not limted in this respect. I n” some
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specific communi cat Stuch
El ectroni cs Emgbagestig( Tads)riss t(EW%T)j %rdaﬂﬁds‘uﬂg RgnddEE8D ﬂlelll;‘[(@) performance

802. 11(b), 802 02.11 4153 PCT/ R 120 [0
and/ or 802. P1( ﬁ)ﬂ&é?ﬁﬁf@g e fl\gff&'#\ogﬁ cindgide 41 0o Wé‘ ANéd) WiMax
al though Wi rel egsod G Rifedst @PmARMIcEEonl 8QidcH & (FidY) lfqﬁbha@lu%ﬁsr{?i? broadband

suitable to transmt and/or receive comunications in accordance with
ot her techni quesirdless Icgnnmnguqah@nsmgfpmdarw ted thaHgHEy &% 14(plgstanelerde gor wipless

(DVB-T) broadc ét} Eﬁ%ﬁﬁ%a‘[}g g&d EOI‘D & 8L evv(f{f‘lgllé)sp!f&ctgl IEEE

Area Net wor k ( n so roa
enbodi nent s, V\A&Oélles StaodndE rplezlaft irefiar deVilkERE mﬁ)ndal-_dsc-?forl IA‘,Fomnyom raobmldgy --

br oadband ss_comuni cations .in accordance with thg |EEE 80 (e
st andar ds fl\c@r \?Jlle:f PREUIMIGHIPRS, 683 HaHey ekg NS)(S elf—‘%r"nﬁ?‘@? S
i nformation w tMett@oReGLALI NeRREL --80% el;ﬁéf@ @M@én@ss— PQﬂtQ@SWure!%fs@LANQ\/I%dlEIEE
Standards for Information Technol gl%§ | econmuni cati ons and

| nformat i on ExchaageCaeonednCagad lwquy@baiH%héSO/M B8P0l | t 1479 Arnslrelated

Net work -- Spe nts -- Part 11: Wreless LAN Medium Access
Control (MAQ) aialrﬂlI ﬁ%@??@ésﬁﬁgyer (PHY), |1SQO|EC 8802-11: 1999" and

rel ated arrendrrent s/Inemmb@nﬂaodimn&apm&&‘re@bodhnmnitcstjom\ﬁlemdeew GoaMiA) catyiten
devi ce 100 (FI G %/ i gart of . a ortabl e rel ess %O({TTT%Q?I catian
devi ce, suc aé’aﬁe? sbRATalf grifelss afgglimé]tné?ﬁ I Appp sugh s BEEEnYr 1pi raipptant
conputer W th vpnal)es Sak@BUph:Gdld @mmaRabil hikiesAcomunitabnedapaility, a web
wirel ess tel ephone, a wrel ess headset, a pager, an instant nessagi ng

device, a di glt@‘%i?t a ariEsiess 1olephabe @sEIYeT headsal, f e &1 BILEBE METHERE deviie @
that may recei f?gl%rf'q abra, taﬁacl@é:e@@ 5301'119]‘&0{6'1@7%18{10%{@1' Qév%ey that may receive and/or

transmit information wirelessly.

20 Antennas 102 (FIG. 1A) may comprise one or more directional or
omnidirectional antennas, including, for example, dipole antennas, monopole antennas,
patch antennas, loop antennas, microstrip antennas or other types of antennas suitable
for transmission of RF signals. In some embodiments, instead of two or more antennas,
a signal antenna with multiple apertures may be used. In some embodiments which

25  employ antenna diversity, such as multiple-input multiple output (MIMO) embodiments,
two or more of antennas 102 (FIG. 1A) may be used for communicating two or more
data streams. In some other embodiments, a single antenna may be used for
communicating. Although only one set of antennas 102 (FIG. 1A) are illustrated, in
some embodiments, separate analog front-end circuitry and associated antennas may be

30 used for transmitting and receiving.

FIG. 2 illustrates a block diagram of a reconfigurable processing engine in
accordance with some embodiments of the present invention. Reconfigurable processing

engine 200 may correspond to reconfigurable processing engine 116 (FIG. 1B) and/or



20 Antetrmas 102 (FIG 1A) may conprise one or nore directional or
omni di rectional antennas, including, for exanple, dipole antennas,

nonopol e antyehr@sp241at ch antennas, | oop antennas, m cr oS amiBnRas or
ot her types of antennas suitable for transm ssion of RF signals. In sone

enbodi nents, instead of two or nore antennas; a signal antenna with
mul tiple apertures may be used. In sone enbodi nents which 25 enpl oy
antenna diversity, such as nultiple-input multiple output (MM

enbodi nent s, trgg%ng ulggg r&g ﬁ&t&g&@qséaﬁ(}( ﬁg)G, | A) may be used for

comuni cating two o reans. In sone other enbodi nents, a
si ngl e antenna nmay beﬂus@mhﬁmnmﬁsthMMftatFN@2 Akphﬁggﬁﬂamhyeunge&gmeéﬂo
antennas 102 ( are illus
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co
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(FIG 1B). |n tmmemeivb@d# fenstsring IntsmeditedlaianoFhuEeridg smpbmegmma@l @4 may,

processi ng englne 200 ma _be nfl red f arl seban
processi ng oper3t PEREIS (mgq %éébgnggﬁodgg lﬁg ?B(ﬁjlgﬁ%
may be perfor rreel:ebzyed lf@@omﬁd:o@urnglah@n@rso&e@&bmgigu@rbga mecekgaﬁg (allr'glﬁé 156BFIG. 1B)
al t hough the scqope of the invention is not limted in this respect.

t hese enbodPnenfl&n opeEHRE ity arEBrRltEeoReds i FIMGIAes 206 1ESHERS %@e asag@%es
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Menories 234 may, for exa correspond to nenories 134 (FIG 1B). The
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processing engi ne y also inclu functi onal i 233, whj ch
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vel I as other dunaidheRd pRICIRR sheifd td0HGH 40 Mmch’(?!l%%ccfl ia'bfé”ﬁhkmélﬂh&é
233 are illustrated, 15 reconfl uré% ngi ne 2 may i ncl ude

|l e proce55|n%&g
~additional or fnemkﬂ&hcwhlohmaymn@@ond Retso ol gy 1r@erm@@@ts@iﬂ\mkéﬁ@(ﬁl@
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correspond to redonfigura rconne
engine 200 may be accessible to processing unit 120 (FIG. 1B) to perform control of

20 signal processing.

Reconfigurable processing engine 200 may also include run-time reconfigurator
236, which may comrespond to run-time reconfigurator 136 (FIG. 1B). Run-time
reconfigurator 236 may provide a configuration of address generators for memories 234,
a configuration for functional units 233, and an interconnect configuration for

25 reconfigurable interconnect network 230, although the scope of the invention is not
limited in this respect.

In some embodiments, reconfigurable processing engine 156 (FIG. 1B) may
have a similar structure to reconfigurable processing engine 200, however the logic
elements and memories may be specially configured for decoding and may differ from

30 those of reconfigurable processing engine 116 (FIG., 1B). In some embodiments,
reconfigurable processing engime 156 (FIG. 1B) may be heterogeneous engines,
although the scope of the invention is not limited in this respect. In some embodiments,

for the support of LDPC decoding, memories of reconfigurable processing engine 156



1B). In these enbodi nents, nmenories and state registers of functional
units 233 in engine 200 may be accessible to processing unit 120 (FIG |

B) to perforgneapihak; of 20 signal processing. Reconfigu essi ng
engi ne 200 n\gg/) gtpsoo i3ncl ude run-time reconfigurator 236,56\?\1)2#@%?9%@3%

correspond to run-time reconfigurator 136 (FIG 1B). Run-tine
reconfigurator 236 may provide a confi gur%ti on of address generators for
menories 234, a configuration for functional units 233, and an

i nt erconnect copfi.g tion for 25 reconfigurabl e i.nterconnect .network
230. 8 though ¢ R SLape g oy B fiot o i BRRPR SV i /B as d
I n some enbodi neiiBizeleGanhi@ hRkd&hPiacessi Mg Bngitde idbé 1{dhtddin 1B repmyt.
have a simlar structure to reconfigurable pr(gqcessi n& engi ne 200, however
the logic el ements AMPUFBNBITRSS mypEiEpet @y dBAf gl et s ofccordiiibhy
and may differ fremi30 ihags 195 (Fﬁﬁ%ﬁ,}&uf@&&nﬁg%%%&eegngeggiﬂ@zéo}gé@ 2)

(FIG 1B). In sone enbodinents, ~ reconfigurable processing engine

(FIG 1B) nsy bachBveraigenebasngrgindsscpadict fvgiginat lvéengagpeonof oit ere of the
invention is no Lmt in.this,.re i s, for the .
support of LDP 18%‘2:0?81. glg?leﬁté rrrgé}l§ ges Cglgglr%t%% é")&rll(;il inéagrn%bﬁg&%%qg% ecgéwncg? mé)hnga’;‘ 1%1%5 of
156 WO 2007/ 02453vaRCIonRE 20 5¢100042 9such {sFbiGeeskiBy dimyerbe ienbdng elbiwd tshynal

|l ogic (e.g., associati nmorjies) in order to help mnimze data
transfer, alt hoﬂ‘@?ﬁsm\@%lg%ea Ol'tcﬁ}éel'iq}?{ﬁ{é”fﬁ? Blﬁl_nre%ts-nlgql Pifitedorn cefica’s may
respect. Al thoyghy et 8k 8% Sn &0 THMRERELER Eb%‘}“s&% 1001060 RpGe ik Altegrated circuits
reconfigurable processing circuitry 172 (FIG )p and reconfigurable
processi ng Ehgi @290 agdr@nbjtions afreriony baydwarcedddsgikanicnijrysiov @ergrming at
separate functi [ - funcli .

be. combi ned and ney BuTT Rt SeishPELPBy TobRaR: s glegp i Atkiofl RIS Y
sof t war e- conf i gufeeth @learremirs prosesks gergingoe ss5¢ Ngnealeenertsng deheds.ng
digital signal processors %D Ps nd/ or .ot her hardware )el.e%&?ts. For .
exanpl e, sone el emenlfSOHEF™ 8@&%{#85 0e SHEN BRG] GERYSLY YD Prgping
appl i cation spegjif 100l qtregr aBedngy I GifrSe 1RstABbES )0 @Rshee OUBIMRBEdeNSiffh
vari ous hardware and Io%: c circuitry for performng at |east the ,
functions dEscrichedighEplsi mierpnnsshaicwrmslo didfeatd (ot Hangumét icatiatons dwmsHers

may refer to o ?fogl{r}f%dggf ?rrxeeglﬁlg&?oﬁiﬁﬁﬁmgpﬁ{ ?%Sﬂen(gnl%hﬂgﬁs QE; g}gpﬁct%@%ﬁgﬁh&%&

el ements. In s e recontiguration ins Ions recelve
f rom processi nginsturtibnd@0p{dekdGn diB)essmapledyrix hdivess gstaratotsi Sosextampthangene

gﬁggggt :T? nfe\émst Q ; %%%?Srﬁ%glge? g{qlggcgjnraﬁ’%l (?f c;nre]to? rfr?o%l QF ﬁ}nctrilgllta Lllrlil§s b%O(F?&.dZ)trr?ay be
changed to perform a summation from a subfraction based on the reconfiguration
20 instructions, although the scope of the invention is not limited in this respect. In some
embodiments, processing unit 120 (FIG. 1B) may send configuration instructions to
configure and/or reconfigure each reconfigurable processing engine over the system bus
122 (FIG. 1B).

In some embodiments, processing unit 120 (FIG. 1B) may configure first and
25  second reconfigurable processing engines 116 and 156 (FIG. 1B) to perform,
respectively, baseband processing operations and decoding operations for processing
received orthogonal frequency division multiplexed signals. Processing unit 120 (FIG.
1B) may further reconfigure first and second reconfigurable processing engines 116 and
156 (FIG. 1B) to perform, respectively, baseband processing operations and encoding

30 operations for generating OFDM signals for transmission.
FIG. 3 is a time-line illustrating operations performed by reconfigurable
processing circuitry of a wireless communication device accordance with some

embodiments of the present invention. In some embodiments, some operations shown in



performed by the functional units. In sone enbodi nents, the instructions
may include instructions to upload an address table by the address
generators. For exanple, in sonic enbodinents, the functionality of one
or nore of functional units 233 (FIG 2) may be changed to 8erforn1a
summat i on f roNfd"SHbtr action based on the reconfi gurati oRCHBU205/000425

i nstructions, although the scope of the invention is not limted in this
respect. In sonme enbodinents, processingOunit 120 (FIG 1B) nmay send
configuration instructions to configure and/or reconfigure each
reconfigurabl e processing englne over the systembus 122 (FIG 1B). In
sone enbodi mentisne rotsss pylamed forpee OFDS! syB)oLiafroesnbr gine of thedveatien
25 second reconfi Lauh ﬁlpe!dqb 19ﬁe§§%‘t MYmE nlgé @@@111%21@&%%&%@ tl(eF C!pgxatl%%sg%el FoBned
perform respective a processi ng operations and ‘decoding
operations for \m@ocwssqsmgg citeciey viEd GG hogonpdratty erqaetn@q;vqslmades iandh processes
mul ti pl exed signals ssing unik.t 120 ) rther
reconfigure fi ?osgebgrﬁc}j S e%g enregaé%d1¥r0m e %&1 EF s négél tr? e¥1e e deco_dﬁ%bns 113
156 (FIG 1B) u@mbdﬁﬂdmﬂmAmmapemhbMeby06Uﬁ@eh&n@upﬂn¢@&&um@1ﬁ@ﬁb@pmmnﬁai
and encoding 30 operations for generatin nals for tra
BG5S 8t reURE UG PG oh SEMIT BREBERFOr A BYSRUCONE: YuPue

processing cirGH §doYe Of thd ik fit@Inas SotQ BB 63 le@Rcdevi ce accordance Wit h
some enbodi nents of the present invention. In some enbodi nents, sone

operati ons shown i n GEYPORTPDLE 88! POFIRENT0SLEE0 L5 daschad: samplisi inet SODIe
are perforned fleffeP SR §1¥m?(ﬂil_1 I@Fﬁd?oﬂﬂhwhlaﬁ In‘%g%g?efglfle& 612N C?x?%%cplﬂllt

is not limted int s r espect ine 300 | strates sonme o
oper ati ons Mbrﬂﬁﬁwbéuﬁmm@hmpgbdb@swm@<ﬁﬁh@uwmmwnnimo(ﬁnﬁmdlﬁmhmpemaneﬁhan

a receive-node and p esses baseband sa g r fromre RF
signals to gene?%?g @g@éd&@’BPfSpil uﬁr? q%f%%%ﬂ%ﬂg ?%ﬁg? %@nS?r Q?§b3
106 (FIG 1A). iSigateahe opeigabi ans immmyalbgenyetes 08 frefireconfidubbla goesssieg @ﬂigﬂﬁ
for generating sig or transmssion in a tra | t hough _the
scope of the R Ron ] otngonty BB i Bangie @&%G"%géﬁaﬁ%ws%f e
301 illustrate ¢fe 193)00p86i0k dagebandsamhRSopeRtion SRR Bed BUtdBRfiRkab]
front-end C|rcd$try £14§9Fﬂ ] 1B), whi ch ma békréfgrggg tg gg a ighible

front-end ulit prqwsqlmg@)lglbaflrlér (Flgt t HougPt:heviseopertighredhe iparfert jbesebpel
not limted |n1%9é%m%§%g E% The sanple buffer may correspond to

regi sters 160 ( erations of line 303 illustrate the storage
of data in |ocal neﬂhmh@snﬁ@ﬂu@ﬂOﬁeﬁmmhwgﬂﬁabmﬂﬁﬂnwnasBKWQFKh@ﬁﬁ@pmME6m

(1§|2ca 113) and aﬁe}}{teﬁ%tﬁ&? €. Bgelgﬁ)ons oot S99 glﬁlstragte opemtiLo}lg’)M??dr/aocrunreg symtbelr S

and operations 363 for a next symbol performed by processing unit 120 (FIG. 1B).

20  Operations of line 311 illustrate the storage of data in an input buffer of reconfigurable
processing engine 156 (FIG. 1B) and may correspond to memories 144 (FIG. 1B) and
registers 142 (FIG. 1B). Operations of line 313 illustrate the operations performed by
reconfigurable processing engine 156 (FIG. 1B) (RPE,) when performing decoding
operations.

25 FIG. 4 is a flow chart of processing procedure in accordance with some
embodiments of the present invention. In some embodiments, procedure 400 may be
performed by reconfigurable processing circuitry 172 (FIG. [B) to process baseband
samples and generate a decoded bit stream for MAC layer 106 (FIG. 1A), although the
scope of the invention is not limited in this respect. In some embodiments, procedure

30 400 may be performed by wireless communication device 100 (FIG. 1A) to generate
decoded MAC frames from baseband samples 115 (FIG. 1B).

In operation 402, complex baseband samples (i.e., in-phase (I) and quadrature-

phase (Q) samples) may be stored in a sample buffer of a reconfigurable processing



(F1G 113). Operations of line 305 illustrate the operations perforned by
reconfigurabl e 15 processing engine 116 (FIG 113) (RPElI) when configured
to perform begebanuis3processi ng operations. Operations ofpdIvRIE0@NH0429
illustrate when processing unit 120 (FIG 113) operates in an interrupt
node. Operations of line 309 illustrate ggerations 361 for a current
synbol and operations 363 for a next synbol performed by processing unit
120 (FIG 1B). 20 Operations of line 311 illustrate the storage of data

in an input buffgneah sél%eﬂlfbb&weael&)mﬂé@%@%@gﬁm s A6, (Hldem 4B)i-@ad
may correspond to nenories 144 (F and %@sters 142 (FIG 1B).
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the invention is not limted in this respect. In sone enbodi nents,

procedure 30 400 mayn b@elﬂéﬁlﬁcﬂroﬁedﬁ%?%mgr@Péé%oc,(g?@ruthé%ﬁYoﬁﬁrde@nC@éﬂTmé to
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I n operation ban
quadr at ur e- phaseedtiQp. E@rqxbm@be whyn h@ugﬂ berseumldrsalap@aml seorbdifiberopefatian 402,
reconfigurahl e processin 024 PCT/. RU2005/.0004
| Some entids ARSI YD i fds B AR G EL o B REE: 15 (FPop 10 fime
front-end cir qwohﬁgulitb{lléﬂm 1B) oMe¥olIRusdbty ®€cdsking ang@he 1baifrer 139&111011
(FIG 3) associated with in _reconiigurable pr ocessing engine 116. Sanple

buffer 302 (FI @ay3ioretag 1@@@#‘1@%@% of 66001&6@41%1% erpsocespng prgine gy GG, 1B) for

f t d
36(2)n( FlerC]i gl) rfrgfehgéﬁcgjc % err etﬁ)%lgagzhzlﬂssida2l r ont)em)%gﬁég??{j?duﬁé é%ﬂ?fa S’n@%}zﬁﬁ{l

al though the s @a@@n ofiayt Yeestorad @nd imemoiysaspatiatéd with @dbcessitghingt }?@iﬁ%tlB)J or in

operation 4, pro ess it 1 G send a ] 0 .
Fecont | gur a1 edOHETEUPLBT &0 Rty B R aTepartend 1 5 (b dEr Abpine
frequency cor e faomonf@iratasvlcd, when enough baseband sanples are
stored fromoperation 402, 10 processing unit 120 (FIG 1B)_ sends

configuration instr (WeTa8As 496 sopmprigss regelvipg pofHlqa iR flo%%f—‘@ﬁq‘ﬁ&j%ﬁbéq Brocassee
(FIG IB) of r %ﬁ&ﬂ& hgy '(Iaﬂ@i §np W@ﬁ%h&%fﬂé@ﬁo&%ﬁmétlzolng':‘SOJF Briai gh complete.

In some embodiments, when frequency correction operations 304 (FIG. 3) are finished,

20 reconfigurable processing engine 116 (FIG. 1B) may raise IRQ 354 (FIG. 3), which may
be a special assigned interrupt request of processing unit 120 (FIG. 1B),

Operation 407 comprises reconfiguring reconfigurable processing engine 116

(FIG. 1B) for Fourier transformation operations 306 (FIG. 3), such as fast Fourier

transform (FFT) operations. In operation 407, processing unit 120 (FIG. 1B) sends next

25  configuration command 356 (FIG. 3) to reconfigurable processing engine 116 (FIG. 1B)

in accordance with the program running. [n the example shown in FIG. 3, this

configuration may correspond to the first stage of radix-4 FFT (e.g., a 64 point FFT), In

some embodiments, three stages of FFT operations 306 (FIG. 3) may be performed,

although the scope of the invention is not limited in this respect. In some embodiments,

30  after the completion of each FET stage, a partial reconfiguration may be initiated by

processing unit 120 (FIG, 1B) by providing partial reconfiguration instructions or

commands 357 (FIG. 3) to reconfigurable processing engine 116 (FIG. 1B). After

completion of each FFT stage, reconfigurable processing engine 116 (FIG. 1B) may



may force a reconfiguration of reconfigurable processing engine 116 (FI G
IB) for frequency correction operations 304 (FIG 3). In sone

enbodi ment s,wo b@7oonii guration pattern nmay be stored in @ mEIBIEY000429
associated with processing unit 120 (FIG 113), or in 15 a configuration
cache inside reconfigurabl e processing e(r)&%i ne 116 (FIG 1B) allowing for
a fast configuration swtch. Operation 4 conpri ses receiving
notification fromreconfigurable processing engine 116 (FIG 1B) when

frequency correghd.en iﬁ&%ﬁtr&@{aas 304 (16! & toProcRbEn @il z@g@m, 1H). BIBlow 353
enbodi ments, when frequency correction operations 304 G 3) are .
finished, 20 rdEBnfI)guwalsicer prtocesbergnenyy A3 15167 Griew! recBnfigmgble aiosessinRQ

354 (FIG 4 which eci assi. i nterrupt request of
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reconfigurabl e proce&gsiatgnetig aenpkkbs rdcbhfiguribd Ipcdndipufabler p@tessing engine 116
transformati_on rations 306 (FIG 3), such as fast_ F ier transform
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engine 116 (FIG 11 in accordance with the prograin running. In the
exanpl e shown icammlag 338. Infhesexagpe illgsivaadilo i1 Gredy adoriugpanthetlord fegefaf FET

stage of radix-4 FFT (€, 0. .8 i oty FET), . er i e .
tages of PFT sperarroni et BETA e TRk et P MR RO I SR 1R
scope of the irvediti ohidhsnnagtcdnfipiuitedcortiighiib® pesgertip. edghesdone (FIG. 1B) for
enbodi nents,. 30 T?Ffﬁt er the conpl etion of ea@gl[iFFT s‘%age, a p?rtial o
reconfi gur ati o HEVBE 215t PREZPTH{P SONOTRREHAG Bt N9 @Peiefiels gy cyyprise
provi di ng part ieghall,866H) fphgder @riceflond BSY SrUd QDRI op&anTRNdhicdOmay bt Sft 3)
to reconfigurable processing engine 116 (FIG 1B). After conpletion of

each FFT stage caiceledis gifipuabltes jsppeelsr mycaiq)l a0t igitedichiy Bypavayl bpdata
(FIG ) to procebdina tn toaog: e Saroricel bbby BTEFE G157 nm) of
occur between lrewaligurebiopyocd8ny drloEe 13) (Hﬁdl}B)econfi gur abl e processing
engine 1 16 (FIG 1 duri t hese operatjons., Operation,. 408 conpyises
reconfi gur i'ng reponﬁ?%ﬁ?tm%lﬁgﬁ}o%)@é?i (ﬁmér}lﬁ At by ge%el??({]@ OH’eB‘}thlo 08 in an
per form ng equaﬂghz HfRN APLIs8ddnaNreddnfighiable ptessBagRiOrsh6e tak QBconfigurable

operation 318 (FI G 3) and/or denodul ati on operation 319 (tFI G 3% ab%
provi di ng compadfgssisaengie weFétahpt &1 sanpubhedients. pajonledzsotigitsegiol (FIG.

[B) mmy begi n OBart Tha e Eap b R AR A e e P
reconfi gur abl e pprcosserpsémgieetigi (AEG. 1. [nFoGe ehBpdinomts, input buffer 310 (FIG. 3) may
20 be represented by a memory block with an address generator allowing the interleaving
of bit sequences according to the protocol used. For example, a block interleaving
process may be performed in which bit sequences are input to input buffer 310 (FIG. 3)
in a row-by-row fashion, and read out of input buffer 310 (FIG. 3) in a column-by-

column fashion, although the scope of the invention is not limited in this respect.

25 Operation 412 comprises receiving notification from reconfigurable processing
engine 116 (FIG. 1B) instructing reconfigurable processing engine 156 (FIG, 1B) to
begin decoding operations 312 (FIG. 3). Operation 412 may be performed when enough
data is processed in reconfigurable processing engine 116 (FIG. 1B). In some
embodiments, baseband processing engine 116 may raise IRQ 362 (FIG. 3) (shown as

30 16) to initiate the start of the decoding process of operations 312 (FIG. 3).

Operation 414 comprises receiving notification from reconfigurable processing

engine 156 (FIG. 1B) when decoding operations 312 (FIG. 3) are complete. In some

embodiments, after finishing decoding, reconfigurable processing engine 156 (FIG. 1B)



10 perform ng a next operation. In sone enbodi nents, the next operations
may conprise equalization, phase correction and/or denodul ation
operations, whb@hoipys be soft bit calculations, alt hougmcq~%2§&%gﬁzpf
the invention is not Iimted in this respect. The data wused for these
operations may be stored in |ocal nenori gs 134 (FIG 1B) of

reconfi gurabl e processing engine 116 (FIG’> | B). 15 Operation 410
conprises storing the soft bits generated in operation 408 in an input

buffer of a se i - ' I S8 ' h.as = : :
reconfi gur abl e%&ﬁé{?gg@%{é&gﬁ@gﬁ@%@?ﬁﬂ& g%‘%?.gé 'Iﬂl%@s%ﬁgo léﬁr:%éndP Went S ,g unit
cal cul at ed sof t12bi(f1&r. 3BD thaHh& frani) debosding gzemidhedin 48exmayplddlusticygl in&dGtH
i nput buffer 370 (FI 3) of reconfigurable processing.engine 156 (FI
1By I sone orUSITHERE B0 Tt SRS OBy R o0 B i Blbrite
by a nmenory bl eglqud t8c@figafldlee $Poc8@NRr 3h@he alJs0\FITY tle hf &ldeguhing vef
bit sequences according to the protocol used. for exanple, a. block

i nterl eavi ng ﬁ@@é@g@‘etgwclmd@énlﬁmm pfrbriaHiash rasoniiguehle mewsssargeerigmg utl 6

to i nput buffer )il oW by- f I nd -read ef. .
i nput buffer 3£B%%apé\%%0 ml%nenggoggﬁ%ﬁlﬁﬁﬁ%y%&%%ﬁudﬁﬁﬁﬂégﬁ? (S)t%{]:%alflt% ﬁéﬁ%ﬁ%%‘ & of
scope of the i MWNeOtAION itafavot! 58 (Gt €H), suchtdhiregineas REGS) P& @der ;) on 412

conprises receiving.notification fromreconfi.gurable processin engi
R 181 met LR R Pt e S b bR o e S s 1Ry,
to begin decodhi%eap@nhakheAsn #b2akEbSimdhr wiPenadon@BudbR Pr8tsH8y engine 116

perfornmed when enough data.is processed in recon[aqifgurabl e processing

engi ne 116 !fF1 &G B%.) Whens dpreinsientse @i sraieh detviras elsantsrprst B Zetehimes is
116 may raise I : | Dy t.iat f
t he decodi ng prnclf)%c%tgcg%%% g%‘gg?g%?%%g@\é@%&?ﬁ%gleg %C"%“eér %ﬁ%nl ﬁl(gﬂ%c}%%rﬁl{a gg
recei vi ng not i frecvafigond vhemfoeeoniplgarsafitle bgrecessodigy aengecraiibsfpe(ab@ is

1B) when decodi ng.operations 312 (FIG. 3) are conpl Ln.so

Eplog AN <ol S
207 i ) may raise interrup

request 364 (FIG 3) 1 shown ;a's, I'R%i15) to informprocessing unit 120

(FIG 1B) tlRat the Pr@Feehdbddrdigidvas oppraianedl nracodpe dXBnprelllustraied and

illustrated in £l G edas Stegﬁgt@_ }’atiggs %en&el%%geos%ﬂf%' SANGAIYT I BGsions By be

reconfi gurabl e processing engine 156 (FI'G ecause reconfigura
processi ng engipagoibi@ (b @rentlB) ambayothinp repeds tlmt biee Bpareiconfheguerodnedin the
decode a next bl%glﬁg%{; bits fromreconfigurable processing engine 116
(FIG 1B). In $&MtUelBd8fments, the decoded data may be stored in an

input buffer of NAQhHRIY dpbligedIBCeatdSothdrivize, 18ns SkENaASIERGIS, &ofputing,
(REGS) 162 Q%FI %alc{ﬂagng', determining, displaying, or the like, may refer to an action and/or process of
one or more processing or computing systems or similar devices that may manipulate
and transform data represented as physical (e.g., electronic) quantities within a
processing system’s registers and memory into other data similarly represented as

physical quantities within the processing system’s registers or memories, or other such

information storage, transmission or display devices. Furthermore, as used herein,

[\
W

computing device includes one or more processing elements coupled with computer-
readable memory that may be volatile or non-volatile memory or a combination thereof,
Some embodiments of the invention may be implemented in one or a

combination of hardware, firmware and software. Embodiments of the invention may

30 also be implemented as instructions stored on a machine-readable medium, which may
be read and executed by at least one processor to perform the operations described
herein. A machine-readable medium may include any mechanism for storing or

transmitting information in a form readable by a machine (e.g., a computer). For



In sone alternate enbodi nents, reconfigurable processing engine 156 (FIG
1B) may be reconfigured in the sane or simlar way as reconfigurable
processing 2&90;ﬁ6 10 (FIG | B) when, for instance, a _swt t
decoders and t'Grihg schemes is initiated. In some enb%ﬁ?ﬁ%ﬁ@%mm4”
reconfigurabl e processing engine 156 (FIG 1B) may be reconfigured when,
for exanple, a swtch between encoding antt decodi ng operations is
required, such as when processing circuitry 172 (FIG 1B) switches
between transmtting and receiving operation 15 Al t hough the

i ndi vi dual oper"éﬁaP’@staé?aC AP & T ey TR R a-elY Ao 4ROM bl
separate oper atjQas, 0 @A6iy OfR ATV, m‘é’énern@edlél@%fﬁtggHﬁédlé)p@ﬂtféﬁl' OBR BB AL flash-
performed concurrently, ng requires 0 erat|§ %
performed in t h@em@lbfd@rmr:at Ielﬁgtmalt educaUmIchCEé peeihey &mllnlqi ps@paag@tdd signals (e.g.,
ot herw se, terns su |.cul ati ng,

determ ning, di Csaf)r?%%aﬁgss lﬁra?%cﬁ grfa,?%@gn%a@ nraef by )’ta(%)lgaﬁnegctl on and/ or
process of 3one or ritecAlBuacES pidv@dedrio @@mplgtmﬂgB”SQSREnSecobnSlmﬂ)aéqmnng an
devices that ma nanlgulate and transform data rep resen%&d as phy S|§ml
(e.g., electronfeEyaquast Vi 8dowitphirrrds ihAERAE] Ry 18P8T el Lif i BF dFSIGAY
menory into ot hgtogata Sismuodfihod HERNRS 8RleeFa@thy BAY ]I GRl nAURNELD 18 $imit or
within the processing system s registers or nenories, or other such 25

i nformation stonggest he srepapssionnoet i slpiny devi ces. Furthernore, as
gzﬁgl Qgrjm! o Cgf’m”ﬁgtfp%e %'o“'{‘“qb%aélgﬁﬁ léﬂ?e%%rwﬁ{%n an%% { Bealllio i ocE‘gglo%aﬁy”El%ped
non-volatiIH)nemgﬂymomwﬁmﬁgﬁhmﬂ&ﬁh@ﬁnHhemeqmqﬁ@ﬂbfeﬂbnﬂMﬁm@U&:@mcwmmb.Thm
i nvention may be iWEI?HE ed in one or a conbinagtion of hard re
firmare and soffiiar &f CERBEF mePtldo bF HFRISHVEAETGnRRY nispiiod) gt the cleimed
i npl enented as aﬂ§iﬁﬁ&ﬁéQﬂﬁm%%ﬁrﬁﬂn@ﬁm%e@ﬁ@hh&%1%@@H§Q$&1ﬂEQ&Hﬁ%ﬂ%@kﬁ&im
may be read and executed by at 1east one processor to performthe

oper ati ons desctichethimhBadien as Aharidleiving elaiagalilectnmadpriiponggy Hade dese taayall

2 machi ne (o, o 04 onp g S B W Bh Eh pek DaoBE BB S T

exanpl e, a rachino@poeedableetheattidilnl Heycriprioh,udeh reddelainh wtamimgran ROV, as a
random access nenory ggw%%, qgﬁnetlc di sk storage nedia, optical storage
medi a, flash- FVIH TEeEOUBEhy i cal , optical, acoustical or other
form of propagated signals (e.g., carrier waves, infrared signals,
digital signals, etc.), and others. 5 The Abstract is provi ded to conply
with 37 CF. R Section 1.72(b) requiring an



abstract that will allow the reader to ascertain the nature and gist of
the technical disclosure. It is submtted wth the understanding that it
will not be used to limt or interpret the scope or neaning of the
clainms, In the foregoing detailed description, various features are
occasionally grouped 10 together in a 1% ngle enbodi nent for the purpose
of streamining the disclosure. This nethod of disclosure is not to be
interpreted as reflecting an intenti OnCU&WSt he cl ai ned enbodi nents of
the subject matter require nore features an are expressly recited in
each claim Rather, as the following clains reflect, invention may lie in
| ess than all yWedatdeamed is2 Si ngl e di scl osed enbodi ment. Thus the
following clains are hereby 15 incorporated into the detail ed
description, with each claimstanding on its own as a separate preferred
enbodi nent . 151. CLAAMErel®¥sacommunicationdleviee cbmpkising: el ess conmuni cati on
devi ce conpri sing. LF C i Rr b i ;
configuration %39 %t %rc éhfg@]srlafﬁl% 8@%%%"’5@%@?@ o@%?gﬁ%élgﬁgwtbgeaob%caeggggnd
processi ndNépter RErfere drplveidh o dasehafll dy0cessng rapesatianggonnpasebgnd
reconf i gursgnighss, fthe Proe &My uaitaleoRfidle IAE st RIXGNNGUiaBle PRICERSIAGNY.
each of the ﬁ{gu{p?l 'e:%) of baseba c{ gzpiceﬁa&g o%%r ations after cqnp etion
of a priof"g REFEOrmING: 5aAR OErB Wl pRasabagdsProgessing aperations
reconf i guradlel eomppletion of agrion gneof tioe basetfandypretessindypdrationgyr ocessi ng

unit to perfor | LQn p ta.g A Y,

first reconfi gg} ggﬁa}% ;}gSQ@@ﬁéﬂ"gngf%? &gbhlgéﬂlg%ezod ggﬁ Q&E)rgﬁ%'? b); htﬁe

i naccessi mr@cewlmh@nlbﬁbp@imgemding aparations lonneptputhdataigeneratad bydbend

reconf i gurfpdy recaHifeiPsid PEbcRiREing&hgiid @ system bus coupling the
processing unit and the first and secon reconfigurabl e processin
gt e, | aher ePrINGUIRSEY dRoPaIB IBacesaIbis by HES i &essTas ARt aoHring
pr ocessi ndhe firsgiand sesomd mdoonfiguiiabld precsssingmengiaesndndyur abl e processi ng
engi ne over th I, ghs d A _pat h wher aj h reQGEeSs Lt
sends confi gur_§t F@A%ngﬁgu%ﬁﬁ}gﬁg %&epr%%%gsmgy%ﬂe%’@u?‘fﬁ%‘héﬁ# ?%sct%ﬂgnd
second r edeednfiguraiie prqpessidgsinginesngi nes. 2. The wirel ess conmuni cati on

-device of clai Pnhéreihes@blt it QGEdihted by the first reconfigurable processing
engine is provided to the second reconfigurable processing engine over the
highspeed data path, and

wherein the processing unit sends configuration instructions over the
system bus to the first and second reconfigurable processing engines.

2. The wireless communication device of claim 1 wherein the output
data generated by the first reconfigurable processing engine comprises
demodulated output data and is communicated to the second reconfigurable
processing engine over the high-speed data path, and

wherein the second reconfigurable processing engine generates decoded
data for a media-access control layer of the wireless communication device.

3. The wireless communication device of claim 2 wherein after each of
the baseband processing operations, a set of reconfiguration instructions is
provided by the processing unit to reconfigure the first reconfigurable processing
engine.



data generated by the first reconfigurable processing engine conprises
denodul at ed out put data and is comuni cated to the second reconfigurable
processi ng engi ne over the high-speed data path, and wherein the second
reconfi gurabl e processing engi ne generates decoded data for a
medi a- access control layer of the wirelwss communi cati on device. 3. The
Wi rel ess conmmuni cation device of claim2 wherein after each of the

baseband procegsi ”gT%e\VvﬁEI'eQE'Scorﬁ‘m%ﬁfcaﬁ(f) ro"e‘?/%f bﬁ‘éfaf?f% 8Mwh8®in Lﬂﬁé 'ff?éls '5

provi ded by the I‘OCESSI ng. unit to recon gure t rst reconfi guraf
processi ndec@’if@iuf%b e PBOCG&S'"Q@%'EP greea Q?o?ﬁwﬂﬂ%'&? i after dReviogingr e3qhaeTm
wher ei n t hRe fba&ébaﬂi@@@cﬁﬁés@ﬂfgabﬂ)@raﬂoma@aemes BCHHTIgUEH DA MisEractiohs! fd@r r UDt

Fecont | qur IWRERREEY of noS DT B BASEERE MaoBRNY PRlaidhSt ST e
baseband [geveeaies ng o@dr attelmulst afled cajepletion e¢f shenenaxti af dhe upasetfandr
conpletio r&f:ests Siserhticfls. t he baseband processing operations. 5. The

Wi rel ess onnunl atlon eV|ce of claim1l wherein the plurality of
baseband processi ng operations conprise frequency correction operations,

Fourier transfgrm opmeam'réms mmmnuhaiévwé ﬁpﬂéi&tﬂ@ﬂ’ﬁereﬁﬂﬂe%@léﬁiyn t he
wreless c nbgat on_devi ce furth er .to store

ssin I c npori ﬁ_es éinsfangr!rect' putl rati

conpl ex base Qgrﬂﬁ’%% v%é’PSF’H otnﬁe Qﬁ?%ésees Pﬂﬁ i £0lrs &O&Ppﬁﬂgﬁsto
confi gur e Rdugief traesformexp@naitlogvsraaidl dermpoduatis operatighsi@ndo per f orm
frequency corr %;e{&n tﬂB%ﬁ‘éle@ ﬁ?ﬁl?’lJQQwEé‘sfﬁRﬁ&dcéﬁﬁpﬂgéé aaéﬁngfeor ed

in the sanple b wherern a requency corrections operations
are conpl é}tgfertq]gtorq)g@@@gag,q?@egﬁp@ Sﬁ@p&?’nf igured to configure the first

reconIlgur abl eamfe@émssn@g trmtsmg tgnipeisf aonfigaet Reurdopfi mtfeanmfeorfn%t( FFT)
operatli ons n _art.er S are Co et e (]
B L3 Y R R e
rocessin | on an

gem)du' ation Owﬂjgﬁ‘é OBfteC @ Uf'ic-l‘fﬁ.[%%lc ccﬁrecTuBﬁsV\b;Se‘f‘hﬁér% @ hbRld, Ofhe
device of claim wherelnﬂﬁ g erations conprise a plurality, of
stages of RFPIESSH anitolfsConfigbred ﬁanqrélgur@aémﬁ dJirglgeeconfigprabls, Pregassing, t he

processi Ngerigind tol Serform fast Fourier transform (FFT) operations; and
wherein after the FFT operations are complete, the processing unit is
configured to configure the first reconfigurable processing engine to perform
equalization, phase correction and demodulation operations concurrently.

6. The wireless communication device of claim 5 wherein the FFT
operations comprise a plurality of stages of FFT operations,

wherein after each stage of FFT operations, the processing unit is
configured to at least partially reconfigure the first reconfigurable processing
engine to perform a next stage of FFT operations until a final stage of FFT
operations is performed.

7. The wireless communication device of claim 5 wherein the
demodulation operation includes storing soft bits in an input buffer of the second
reconfigurable processing engine,

wherein the first reconfigurable processing engine is configured to instruct
the second reconfigurable processing engine upon completion of the
demodulation operation, and the processing unit is configured to instruct the
second reconfigurable processing engine to begin frame decoding operations,



configured to at |least partially reconfigure the first reconfigurable
processing engine to performa next stage of FFT operations until a
final stage of FFT operations is performed. 7. The wrel ess

conmmruni cation device of claimb5 wherein the denodul ati on operation

I ncl udes storing soft bits in an input tuffer of the second
reconfigurabl e processing engine, wherein the first reconfigurable

ocecsing choers e RIS incshng e ey |
p SSi i i p

D ocesei NP TEIBOAPGRAG PBOTIGNS LGP Pc TSt oA BNTG oiieniie
processi ngeecmﬂgmmble plbegissinigreginelperdetimygoprratiens @rma,ne.’kf'frameerel n the
second reconfigurable processing engine is configured to performfrane

decodi ng operations on a current frame while the first reconfigurable
processi ng engiBne pdihtowitslespecamomonisation alavicer of cigim. 6awhatedn dhe direls s

communi Catrb@éhf@%\‘étﬂ@ p%cé‘ésﬁid‘é M@‘Wrﬁéé‘ tﬁé‘§oift Ibjt§ to tﬁ@%ﬂiﬁt'tﬂﬁbﬂm 8 first

1 1
Py hndngter Ardhe SPeet e hR AU IS PioCesT na 5 nBiG: Rats Hhessolt Ats kP

bits fr omthe hreput ffer brué fsecond naarsee tom gerfarmer bibck preefleavingiopémtibn on
|nterleavungsgﬁ%ﬁ§t|on on the soft bits. 9. The wireless comuni cation
devi ce of S M L wherein the first and second reconfi gurabl e processing
engi nes each conprise nenory, address generators, functional units, a

reconfi gurabl eg nt e"[‘f'l@%?@éssp@éh‘\ﬁmﬁ»lcai‘laﬁ devicesf élélma1 W@h'tﬁé’rfl?étcﬁnd
wherein the regonfl on instructions received fromthe (S_r ocessi ng

unit conpiSCceRd; [esP ria I8s PEGRSSIIC BRIBES | @A \RPIRMISE: MEMAY o RddERRSabl e
i nter connegﬁneratetsmmctwmdl uhitsge revenfiyurable anfeucarinech nepesrkpantdca byn-t he

functi onal i . erein the instructions further include
i sbrpplihl

instructio _ n address table by the address generators. 10.
The wirel ess cavhereindheireponfigurationoinstructionszeapivedifion ke prafessisgasit dat a

path is i ngpgs |H§t‘?uétf?)n%%aﬂ@@%’ﬁﬁé&%d&r\hfthm]tﬂe r&*f%ﬂ#uféﬂl@%ﬁerconnect

communi cati on devi ce of | al m™2 reln 81 unit confi UI’E,‘S

Che first NENWOBGANhehangeRe %UF‘QB? nﬁP%%%%’f ﬁefyn?teprwépmrﬂ
respectively, harediartte phsiaesivhs Jusivariatiudsdnstnittidas adiupipad an address

table by the address generators.

10. The wireless communication device of claim 2 wherein the high-
speed data path is inaccessible to the processing unit.

11. The wireless communication device of claim 2 wherein the
processing unit configures the first and second reconfigurable processing
engines to perform, respectively, baseband processing operations and decoding
operations for processing received orthogonal frequency division multiplexed
signals, and

wherein the processing unit reconfigures the first and second
reconfigurable processing engines to perform, respectively, baseband processing
operations and encoding operations for generating orthogonal frequency division
multiplexed signals for transmission.

12. A method comprising:
configuring a first reconfigurable processing engine by a processing unit to
perform a plurality of baseband processing operations on baseband samples, the



operations for processing received orthogonal frequency division

mul tiplexed signals, and wherein the processing unit reconfigures the
first and second reconfigurable processing engines to perform
respectively, baseband processing operations and encodi ng operations for
generating orthogonal frequency division multiplexed signals for

transm ssion. 12. A nethod conprising: "®onfiguring a first reconfigurable
processi ng engine by a processing unit to performa plurality of
baseband processisg ngib pe rratonfigure nthbafisbardosfigusalss , ptocesdisg engiweder ng
unit tor [ Qur I.r Nt i Sl i

perform ng&gcghh%fe %tc hzﬁ b@gegésnégggg_oéﬂggg%sﬁgé g’gg?é;ﬁ %nésﬁ%f(?égﬁblggﬂéﬁgtal on of
a prior P ate efifbe basebritpigcessiBg ongradigBsat i ons; configuring a second
reconfi gur abl ecdpfigGess bNsbcdRdi reBomguréisie IPre6&sHigEngiHBIby the RBEésying
decodi ng olﬁzgr ations on outﬁﬁ datq. gener at etd b% %he fi rstt heg[ nftifggr abl e
processi nBVEAGi REHOTEY ARTIAMSG: CRETANRES o RHIPUL P38 \aaneiAtRd ghy ﬁ%e ata
pat h couptdcogfigurablefpros¢ssimglesginend r econfi gur abl e processi ng engi nes,

t he hi gh-spee : I i i blet 0 sl iyt - and
wherein the pﬁggﬁg?@g{'@mf'?ee?gg’é‘k?‘?%r&? %rrﬁelgl# ?Fr)és%beg%{g é%@odr%‘%“w%e

r econf i gufirgblasdpsesoadsiesgnigiyphlespweessing Knginas, Bhe . hiats-spaed dada peth of

claim 12 yhahehdtckBSibRUbAHE pé@ge%sg?rmﬁ@gﬁ@l by the first reconfigurable
processi ng enqkne conpri ses denodu

at ed outPut dat 5 ﬁnd the]l‘ ein tcpe
met hod f urt her VRJRPY i BEARESSING n g c KRFQANONIES 55 t HESk R g Secon
r econf i gureohfigyrablegescessirggngiaes oveoa spstem-lecess control | ayer of the
wirel ess comunication device. 14. The nethod of claim 12 wherein after
each of the baseband processing operations, the nmethod conprises

provi di ng a set3.of Thamethqslellaion12 whereindliie enlput datacganeraigddy thee first
coon unabhanangaanueSaffoi, Enpoan o o

r obese niher Tos meted Ryt crambisesiasnasriing, de st dnie By 3he Secons

oper at i onssconfigwiablengrocessing egginetfooa metia-avcsssoatntrfol tayet béther wiceless ng
unit for g ffthiction device.

14. The method of claim 12 wherein after each of the baseband
processing operations, the method comprises providing a set of reconfiguration
instructions to reconfigure the first reconfigurable processing engine.

15.  The method of claim 14 further comprising:

generating an interrupt by the first reconfigurable processing engine after
performing each of the baseband processing operations;

receiving reconfiguration instructions from the processing unit for a next of
the baseband processing operations; and

generating a next interrupt after completion of the next of the baseband
processing operations.

16. The method of claim 12 wherein the baseband processing
operations comprise frequency correction operations, Fourier transform
operations and demodulation operations, and

wherein the wireless communication device further comprises a sample
buffer to store complex baseband samples,



t he baseband processing operations; and generating a next interrupt after
conpl etion of the next of the baseband processing operations. 16. The
met hod of claim 12 wherein the baseband processing operations conprise
frequency correction operations, Fourier transform operations and
denodul ati on operations, and wherein the w rel ess comrunication device
further conprises a sanple buffer to stf®re conpl ex baseband sanples, 19
wherein the processing unit is configured to configure the first

reconfi gurabl e \phexemssiheg mogessng o upitr ior corffigegebntyy configaee i the  first

oper ati onso e, &AL g%&@@m@aaﬂgmm BRrdff Rldlcitly! BortdiichaBpberpnd fer-

wher ei n af uency Corrections operati ré_conpl e
processi ngwbﬁntenpggbbﬁsewcb@ambeém sipied in the sanrle bullebnfi gur abl e

processing engwneretiro aff@rrfm@m@aﬁén@%rr@endrfsa@%mmhéFErE cORfIdiE] S
and wherein after the EFT P P afr HEF? @g@lr essm% unit is
conf i gur edPfASeESING | Yilt &5 (08 Wrregt %eaﬂﬂ‘ifau'ih bi'e! JFB %aee‘?fap EREs
per f orm elqnglhempedorm Hst Foucdier transfomn(lélﬁ'ﬂ) mmnsanndn oper ati ons
concurrent 1

conprise a ypI u\rZ'QFLt mﬁg 'géTo4p%ﬁ%}IJ“@ erat | o I&Q\I\H‘;érzbg&%%@ér 9@'3'
stage of chrnftgmcéttomﬂgurﬁa Ipﬁdtf@tssewgflgwablei Hrocesainaganginet i performast

partially é&%&fahgr‘r”&afsﬁ%ofrﬂeﬁ:ﬁén éﬁ&@@fﬂcﬂ!ﬂxla%ﬁéh%plémmsddhﬁurréﬁm} ne to
performa next stage of FFT operations until a final stage of FFT

operations is performed. 18. The nethod of claim 16 wherein the
denodul ati on op¢T.at i Dite methbd defsclasihoribngheein the F$Ti oparationy wormpriseea of

t he second W&ﬁ){)&%é@?b?FF?r&%ﬁt%ngg engi ne, wherein the first

reconflgurg roce tonfigured to instruct the second
reconfi gurabl e Wh@@é@s@ftﬁj éﬁ@”l nlag@odf Ebrploperalionss theeprogessiogl enit ds

oot i o Sﬁ'@*ffégr?f%w Bartly reconfigit, Bie” At Robiguiaie pldResdifgond
e O Ry e e Batiage PhERT consralons U6t 8 HeallSiges o T

performfraperaﬁensd;p@forpmdatlons on a current frame while the first

18. The method of claim 16 wherein the demodulation operation
includes storing soft bits in an input buffer of the second reconfigurable
processing engine,

wherein the first reconfigurable processing engine is configured to instruct
the second reconfigurable processing engine upon completion of the
demodulation operation, and the processing unit is configured to instruct the
second reconfigurable processing engine to begin frame decoding operations,

wherein the second reconfigurable processing engine is configured to
perform frame decoding operations on a current frame while the first
reconfigurable processing engine performs operations on a next frame.

19.  The method of claim 18 wherein the first reconfigurable processing
engine writes the soft bits to the input buffer in a first manner and the second
reconfigurable processing engine reads the soft bits from the input buffer in a
second manner to perform a block interleaving operation on the soft bits.

20. The method of claim 12 wherein the first and second reconfigurable
processing engines each comprise memory, address generators, functional units,
a reconfigurable interconnect network, and a run-time reconfigurator,



reconfi gurabl e processi ng engi ne perforns operations on a next frane. 19.
The nmethod of claim 18 wherein the first reconfigurabl e processing

engine wites the soft bits to the input buffer in a first manner and the
second reconfigurable processing engine reads the soft bits fromthe

I nput buffer in a second manner to perterm a bl ock interleaving
operation on the soft bits. 20. The nethod of claim 12 wherein the first

and second reC‘Wﬁér%\h; athbeméiﬁﬁc?eﬁﬂthgg Sd;ﬁ?ﬁ%% G%_@E&vﬁlgrgﬁé SfecBRfiglirétion

address generators, functional units, a reconfigura I.nt er connect
networ k, al@trHCcliqns- tfraf the oRfacgesing otnitoty GANGS LamecHRIh oWty ther
conpri ses hrmﬂﬁglhrablet ingert emth ir?’gmmﬁ'i mchai@b][qm'é bpmi@ré furetiohs perforeedi ng
unit to changg connections.within.the reconfigura nt,er n

networ k.t BY clg-ddgianab sy et 1. Teinad o8 afteES Byld iy AR caidess
units, andgecerafdread an address table by the address generators. 21. The

met hod of claim 13 further conprising sending configuration instructions

to reconfigure at |east one of the reconfigurabl e processing engi nes
over the systembus, Thhénethad tafeclainyA3siyebar gampripignsending sepiawation t o

the procesgisiilctighist to reddnfigiite diBéabref ofcthai retdiiduraiie rofeysirig ehdifles
configuri nggéprt}g?fl rst gnd second reconfigurabl e processing engines to
€

perform r is‘yﬁtle{n Yseband processi ng operations and decodi ng
operati ons for whereaethei high-speed dath path lio pacedsdible qodreprodessisg anit.

mul tipl exed signals; and reconfiguring the first and second
reconfigurabl e processing engines to perform respectively, baseband
processi ng oper@di on'Eh%lm?t@fg@H‘F'ﬁ@ dp &urthar GOPIISHIY: gener at i ng or t hogonal

frequency divi s¢ghliglithg | theefiet sHidRaténd FecdrfRyuPdBIe SproBessing- ergiRsessi ng
circuitry for. a wireless conmuni cati on device conprising: two or nore
reconfigurﬁﬁ'l'f%mﬁrocessi ng engi nes; and a processing unit to perform

hi gh-1 at ency oprspéctivety, dadeband prooessiggopetdiionstand decodingeoperations for

reconfi gur i ' | -t ' rsqand to

ontrol "t nERes Il FEESEoRREIAET it ehe) iR R S e e

regi sters, wher@canfigyringstheofirst pndr seemird frpoafigeaple PEASSSAGIeARGIRES to

performs | gétform, respectively, baseband processing operations and encoding operations
for generating orthogonal frequency division multiplexed signals for transmission.

23. Processing circuitry for a wireless communication device
comprising:

two or more reconfigurable processing engines; and

a processing unit to perform high-latency operations and to reconfigure the
two or more reconfigurable processing engines with run-time reconfigurators and
to control the two or more reconfigurable processing engines via state registers,

wherein a first of the reconfigurable processing engines performs low-
latency operations on complex baseband signals including signal detection,
frequency correction and Fourier transform operations to generate soft-bit
vectors, the first reconfigurable processing engine being reconfigured by the
processing unit for separately performing each of the low-latency operations, and

wherein a second of the reconfigurable processing engines is configured
to perform decoding operations on the soft-bit vectors, the soft-bit vectors being
received from the first reconfigurable processing engine over a high-speed data
path inaccessible by the processing unit.



| at ency operations on conpl ex baseband signal s including signal

detection, frequency correction and Fourier transformoperations to
generate soft-bit vectors, the first reconfigurable processing engine
bei ng reconfigured by the processing unit for separately perform ng each
of the | ow | atency operations, and wherein a second of the reconfigurable
processing engines is configured to peﬁ?orn1decoding operations on the
soft-bit vectors, the soft-bit vectors being received fromthe first
reconfi gurabl e B#ocedbemgocasgingeciouiry of dlaigh2s péedeiddhe copyléx baseband
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ort hogonal SI9"&fu@REy division multipl exed signals, and wherein the
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to perform decodi ng ratlon risin ne.of Vit . decodiR .
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or | ow dengiecodipgr iopgrationsk teboctiavgdingerepearations, 2 ReelHiolpmope steicnding
circuitry ' 1 i) b Lt ; eé?g? iad<econfi gur abl e

pr ocessi ngqj(gr?gaih%lgg? é’gg coﬁrﬁgpidsazﬁyrré%ﬁyqeﬁg g@e S gt('aon%r' ators, functional
units, a reconfigurable interconnect network, and a run-tine

reconfi gurator, 28her #hg gro€edsitP @firtgtiy fi i D3 twhesrkinotife fikt eindeskdohgm
t he processin I nstructions ta change conﬁect I ons th
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the reconf 'GeFRGHERLIT RIAFESIRERINRE RBFK CRNRTSE "UHERYe 359 58",
functi ons pendtonakdurits, t ke retomfigurablal interdcomnecthenaétwetk,uandons fun-titmer
i ncluding i tons to upload an address table by the address

gener at or s.rggéé{.f@%detsgr ocessing circuitry of claim 25 wherein conpl ex.
baseband sanpl Whekie the seeanfigHrationdnpirictions reeeivegh &ioe the RVOCEFLBG $4itng
unit is conrfontpiised ihstretivhsgube dHadgei réonnet®srianf withinabihe Preeepfdirasle
engine to petrgformfregttjen‘((:y C Freﬁtlon o%eratlonsf V\Qen enguﬁ%fﬁgse€and
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corr ect i ondungiionat unitss are conplete, the processing unit is configured

to configure thgd inkfhictidisithdtintRbmPhare&RNR% upload an address table by

the address generators.

26. The processing circuitry of claim 25 wherein complex baseband
samples are stored in a sample buffer,

wherein the processing unit is configured to configure the first
reconfigurable processing engine to perform frequency correction operations
when enough baseband samples are stored in the sample buffer,

wherein after the frequency corrections operations are complete, the
processing unit is configured to configure the first reconfigurable processing
engine to perform fast Fourier transform (FFT) operations; and

wherein after the FFT operations are complete, the processing unit is
configured to configure the first reconfigurable processing engine to perform
equalization, phase correction and demodulation operations concurrently.

27.  The processing circuitry of claim 26 wherein the FFT operations
comprise a plurality of stages of FFT operations, wherein after each stage of FFT
operations, the processing unit is configured to at least partially reconfigure the
first reconfigurable processing engine to perform a next stage of FFT operations
until a final stage of FFT operations is performed.



engine to performfast Fourier transform (FFT) operations; and wherein
after the FFT operations are conplete, the processing unit is configured
to configure the first reconfigurable processing engine to perform
equal i zati on, phase correction and denodul ati on operations concurrently.
27. The processing circuitry of claim26,ynherein the FFT operations
conprise a plurality of stages of FFT operations, wherein after each
stage of FFT operations, the processing unit is configured to at |east
partially reconfigure the first reconfigurable processing engine to
performa next s2&age THe fprdcexsipicironitry ofnicldima26i whéreit dbe démébdilation

wher ai -t neb Bt Meess SindBot BF HERR HELR bfe o P sebénd redartbliete oo
buf fer of tpwcesgp@e&ngdeonti gurabl e processing engine, wherein the first
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per  or m { 1 st 50 R B B sSirkl SEAIEI B el s bfdaibng,
reconfigurabl e proeressiting seaghderegenfigurableopracassingsengine isesanfigueade to 29.
The processpagoti rﬁHn'nbr ydé&t)dmgalaae%& ioM3eTSH Na t BGrréat SfF ECW?ﬁlégtﬂl?@bhn%t

processing engine wit bits to the input fer 1n a first
manner and fwnf'gweaﬁeoprpemmg QGQ'QSIP@WQFT%Q%W'Q"&Q@?hée’Fté‘é&!Bethe sof t
bits fromthe input buffer in a second nanner to perform a bl ock

I nterleaving Opeﬁ@t' Oﬂeogrgcggsnﬁgfcnc&try of claim 28 wherein the first reconfigurable

processing engine writes the soft bits to the input buffer in a first manner and the
second reconfigurable processing engine reads the soft bits from the input buffer
in a second manner to perform a block interleaving operation on the soft bits.



