1 9 SEP zoos METHOD AND WCDVA FOR MULTI RATE PHYSI CAL CHANNEL RECEPTI ON 5
Field of the Invention The present invention pertains to spread-spectrum
comuni cations. 10 Background of the Invention Code division nmultiple
access (CDWMRA), and particularly direct sequence CDMA is a technique for
spread-spectrum di gi tal comuni cations used for many applicgtions,
i ncludi ng, for exanple, nobile comunications. In direct 15 g5 CDMVA,
data signals are conbined with a spreading waveformin the formof a
pseudo-random noi se (PN) code to forma coded signal for transm ssion. The
code has a frequency (i.e., the chip rate) which may be a nultiple of the
frequency (i.e., the bit-rate or synbol-rate) of the data signal, so that
an effect of combining the data signal and the spreading waveformis that 20
the bit period is_divided into smaller chi s. At the receiver, the
signal is conbi ﬁ%&oWﬁNﬁ W&As?ﬁe"’”%ﬁ?%%"&. ng'%%%“@&ﬁ%@f“?ﬁe data signal .
The technique provides high data capacity by spreadi ng signal energy over a
wi de bandwi dth to increase bandwi dth utilization and reduce the effects of
narrow band - interference. In direct sequence CDVA, the spreadi ng code of
the transmtter 25 and receiver should be synchronized within as little as
one chip yperiod to achieve reliable comunication. Miultipath effects nake
synchroni zation nore difficult .. hn %ﬂﬁ: irel ess channel from a base
station to a reception device #%%—ﬁg§5—~s€£%$al pat hs of different
time-del ays which may vary due to the novenent of the reception device. 30

On bl i th ticul i de band CDMA
(VDM i gnal <. THEPLATRY HORE DR AP T B BRTIERE bt 11 xe0 (1.

having a predeterm ned spreading factor) while the data rate or other
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Code d-ivisibn multiple access (CDMA), and particulazly direct sequence

CDMA, is a technique for spread-spectrum digital communications used for
many appﬁcaﬁons, including, for example, mobile communications. In direct

15 sequence CDMA, data signals are combined with a spreading waveform in the
form of a pseudo-random-noise (PN) code to form a coded signal for
transmission. The code has a frequency (i.e., the chip rate) which maybe a
multiple of the frequency (i.e., the bié—rate or symbol-rate) of the data signal, so
that an effect of combining the data signal and the spreading waveform is that

20 thebit period is divided into smaller chip ;ﬁcriods. At the receiver, the signal is

combined with the same spreading code to extract the data signal; The technique
provides high data capacity by spreading signal energy over a wide bandwidth to
increase bandwidth utilization and reduce the eﬁ'écts of narrow band
interference, In direct sequence CDMA, the spreading code of the transmitter

25  and receiver should be synchronized within as lttle as one chip period to achieve
reliable communication. Multipath effects make synchronization more difficult
since the wireless channel from a base station {o a reception device may have |
several paths of different time-delays which may vary due to the movement of
the reception device.

30 One problem with receiving CDMA signals, and in particular, wide band
CDMA (WCDMA) signals, is that the data-rate of some channels may be fixed
(i.e., having a predetermined spreading factor) while the data rate or other
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channel s may vary because the spreading factor nmay vary significantly.
Processing these different data-rate signals nay be done either with
software within a digital signal processor (DSP) for exanple, or with
hardware. Processing these signals with software may cpnsuagwfﬁgp@&icantly
nore power 5 than processing these signals directly in hard e, 'h ver
processing these signals with software may require | ess space/ area than
hardware processing may require and also nay provide nore flexibility. This
tradeof f between power consunption and space is particularly inmportant for
.portabl e conmuni cati on devices, particularly wireless comuni cati on devi ces
which desire to be both 10 smaller and consune | ess power. Thus, there is a
gener al needhdmaéls tafvaiytdcanethedprRbditg fithamabehRSidafiandg the tradeoff

bet ween hargmare,and sqf marg for pro essiﬂg %ﬁ%ﬁgd spectrum signals. There
is also a nEERFesHe thes G daterrate sigpajemay Redo CIWHR TBYHT y  processes

spr ead SDecwzmmas&igmls@nalmﬁfe@of@@)s&e&a&agﬁdoﬁﬁ&hﬁara%@pd and 15 receiver
that nore efficienfly processes WCDVA channels, There is also a need for a

C c
met hod and PExcessipgthisg sizpaloweh spfavace may gopsams siggificantly BTeRANES - 1 at e

channel s; T'Elfah?prdcéssﬁig&@es@si%_ﬁﬁ%ﬁ&fﬂg%lﬂﬁ&xb%, RREvEGRBbaLEhg Bidkd abl e for
portable comunication devices, 20 Brief Description of the Draw ngs The

i nventi on i SispEs Witk gofsware way Keqyire d4se snage/rrey thap handw aggieerseing BPYi ns,

However , 8 fRgo GRIMLEhE 1B4RE SANILAGIE! ThGaliORM oA BGRE | ON MBY e
derived by re e?ri_ng to%{%g%?et_ai ef‘%e@ir%lpti or? V\/neneé{)ﬁ‘r(\)si_der ed in
connect i on 2onswinphon #nd spaogus pasticulprb igipartantifer posthlele spmEmisstaY s refer to
simlar iteng, a?ﬁkg'l?ﬂrtm'} j ] Ay 1S ' i fied functional
bl ock di agr g?ﬁn%éfg’h% polrmtl on %%s%b%%@ﬁ_ﬂﬁ?gg%ﬁ%&l} g%é%tt?g%pé}lévi cein

accor dah@e winalerand eorisardé leespovesf. t he present invention; 2 1 9 SEP 2006

FIG 2 0s a funcianglerfil Q5 efth 38R Pinefholl WY Le8¥Ger hHRIpY Bhiahdd

the tradeoff between hardware and software for processing spread spectrum

signals. There is also a need for a method and receiver that more efficiently
processes spread spectrum signals. There is also a need for a method and
15  receiver that more efficiently processes WCDMA channels, There is also a need
- for a method and receiver for processing fixed rate as well as multi-rate
channels. There is also a need for a method and receiver suitable for portable

communication devices.

20 Brief Description of the Drawings

The invention is pointed out with particularity in the appended claims,
However, a more complete undersianding of the present invention may be
derived by referring to the detailed description when considered in connection
25  with the figures, wherein like reference numbers refer to similar items
throughout the figures and: :
FIG.lisa sinipliﬁed functional block diagram of a portion of a spread- .
spectrum reception device in accordance with an embodiment of the present

invention;



accordance wth an enbodi nent of the present invention; FIG 3 is a
functional block diagramof a high-rate rake finger in accordance with an
enbodi nent of the present invention; 5 FIG 4 illustrates an exanple sl ot
format for a physical channel suitable for reception in accordance with an
enbodi nent of the present invention; FIG 5 is a funCtLOE%b%§|OCk di agr am of
a high-rate rake in accordance wth an enbodi nent of the: J6lht i nventi on;
and FIG 6 is a flow chart of a spread-spectrumreceiving procedure in 10
accordance with an enbodi nent of the present invention. Detail ed Description
The description set out herein illustrates the various enbodi nents of the
15 invention and such description is not intended to be construed as
[fmting in any pERHReE fubldial blodiyifrith 0P idhl-Rel iR gal bl ock di agram of
a portion of a spread- spectrumreception device i n accordance with an
enmbodi ment  axfcordarcepridhs anemboidimyent vf thepreRet gyyentinm; devi ce 100 i ncl udes anal og

front end 110 cogyp kLR ' fver le 1S coupled with

hi gh-1evel recei ver'g?%%&é%&%%ﬁ&{%mégg?@éﬁfﬁ%%ﬁl@y gplg one-way or two-way
comuni cat i axcolendecwith suenhbogiiment of the preamp inerentionyi r el ess t el ephone, a two-way
radi o, 0f a recei\er, . ' [t.,.0f . r Uk poent.. i ce 100, anong
ot her th% ngs, dg%%}r?é’é%‘gs%tﬁédg%%g%ﬁ}eesﬁogg@%ﬁ%tﬁg}glel gﬁ%ﬁ?aﬁaalnsgﬁ@{e Anal og front
end 110 pr ofor desptidaan lhcandinG wihrprosrsbntdimént ofithe phmwemtéreintied si gnals. In a

W deband Code Diyi-si.on, Ml ti CLESS )25 .enbadi ment , | ow| evel
receiver 120 des%fr(}zgdssa gﬁﬁaé%%bga‘@s 1%%%%&% aéfesfna Cf?g&ﬁsfégh-l evel

recei ver 13@ith emymbadimchieofpiieysesentl imehtionaehd t o transport channel s. WCDVA
may apply a two- r.ed,cod tructure that includes an orthogonal

spr eadi ng code awgéﬁﬁﬂg‘yfgﬂﬁ%{rﬁ@?PQ‘&%?CU’H@”S‘E%%E%P@B?@‘;SE%Q is perforned
usi ng chenngdcomandeonmilc atkasboditheioof thepsbant mvantitat a synbol into a 30 nunber of
chi ps which increase the bandwi dth of the signal to create a spread- 3 1 9

SEP 2006 spectrumsignal. Othogonality between the different spreading
codes may be Detailed Description ' '

The description set out herein illustrates the various embodiments of the
15  invention and such description is not intended to be construed as limiting in any
manner. FIG, 1 is a simplified functional block diagram of a portion of a spread-
spectrum reception device in accordance with an embodiment of the present
invention. Reception device 100 includes analog front end 110 coupled with
low-level receiver 120 which is coupled with high-level receiver 130. Reception
20  device 100 may be a one-way or two-way communication device, such as, for
example, a wireless telephone, a two-way radio, or a receiver that is part of end
user equipment. Device 100, among other things, despreads and decodes spread-
spectrumn signals. Analog front end 110 provides the I and Q components from
the received signals. In a Wideband Code Division Multiple Access (WCDMA)
25  embodiment, low-level receiver 120 despreads and decodes physical channels
and high-level receiver 130. may map the physical channels to transport
channels. WCDMA may apply a two-layered code structure that ixicluc}es an
orthogonal spreading code and pseudo-random scrambling codes. Spreading is
perfofmed using channelization codes which transform a data symbol into a

30 number of chips which increase the bandwidth of the signal to create a spread-
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achieved by tree-structured orthogonal codes. Spreadi ng codes for exanple,
may i nclude Gold codes, Wal sh codes, Hadanmard codes, orthogonal variable
spreadi ng factor (OVSF) channelization codes and/ or other sequences. 5
Scranbl i ng codes nmaybe used, for exanple, for cell separation in the
downlink and user separation in the uplink. In one enbo¢gﬁiynlieceiver 100
supports code division nultiple access (CDMA) conmuni cations. ﬂ anot her
enbodi nent, receiver 100 supports WCDVA communi cations. |In another

enbodi ment, receiver 100 supports 10 frequency division duplex (FDD) WCDVA
comuni cations, and in yet another _enbodi nment, receiver 100 supports WCDVA
comuni cations for the substantially sinultaneous reception of high-rate

and | ow rat g.pRYS LigAl1, @H@d“g@ﬁlﬁ? bétet Bie QTRAD: BRBdinSociRE Siafpspect rum

receiver has a high-rate g]?th o receive nulti-rate channels and a lowrate
path to recedhiered byiees-stararetherfhestnnl codes Sprrading gpdesdorexsaple. Bex pr eads

physi cal, chapngl gohaKhaowAIKAGkAPhESRIE R0 Ghaghal vafil Ne |ow rate pat f

despreads physical chanhel's havihg a pre rmn spreadi ng factor. The

hi gh-rat e paréedingyfadien(@VISEY bhanaelizatiok eoded mgérothepsepispreead nul ti path

conponent s = | J %"ﬁl may have a
differ en% sgérr%%giﬁ%d é%ﬁi@ﬁe\g%@,ﬁgpﬁgﬁn plneﬁEﬁ‘? ?%lg%gyﬁg{;:@aeﬁhgg e high-rate 20
pat h al so i selwelespaationgh theatpbink.ake havi ng one or nore finger engines to

mul'tiply data - | i . i.ner to conbine
mul tipath com%gﬁ?éﬁb%%ﬁaﬁﬁaﬁéa}p gbr‘c’ ‘gﬁ’éhg?énd&g??ﬁgﬁgﬁpﬁ%g%cg -rate rake may
be i npl eneERdA)\ctimhacativas dn ehetherenrdodifient, keivenl () smapdrtsmay i ncl ude

|l ow-rate fi rs 1o despread, mul fi h onent s fixed-rate
channel s angﬂgﬁéﬁ‘gﬁo a2 {“gﬂ%g%“aﬁ“°{phr°§e§’}é‘?s°sd§$%6§5)“;@{&%8‘%’35%?e a channel
esti mat ion &eghenghbvisinn bypleo@ERIMNEV COND obmnfunpat dnscarlddn~etatnethtior gers wit h

t he channel _est. I QN Lver ybe suitabl e for, anong ot her
t hi ngs, rec%?%%d“g&k’srpﬁvgg?g(g%ugp ?ﬁ%]%%%lcgmnfuﬁﬁaﬁ%ﬁsﬁ%f&?or exanpl e, WCDVA
- signal s, | SsudStaZRlsEmdinadens ravaptiont didighdhte ecd lovsmtgipinealibifinedd.gnal s. I n at -

| east one of the _enbodi nents, receiver 100 30 supports the.reception of
mul ti code channef'§™% {Péﬁgg\l/ of %er%‘aﬁPSW“éff reagﬁ?rixﬁg&gthfa%e pathi o

receive multi-rate channels and a low-rate path to receive fixed-rate channels.

15  The high-rate path despreads physical chaimels having a variable spreading
factor and the low-rate path despreads physical chaﬁnels having a predetermined
_spreading factor. The high-rate path may have hi gh-féte rake fingers to despread

multipath components of the multi-rate channels, Each multi-rate channel may
have a different spreading code allowing for multicode reception. The high-rate

20  path also includes a high;rate rake having one or more finger engines to multiply
data symbols with a channel estimation and a combiner to combine muitipath

components. The high-rate rake fingers and the high-rate rake may be
implemented with hardware elements, The low-rate path may include low-rate
fingers to despread nmltipath components of the fixed-rate channels and a digital

25  signal processor (DSP) to generate a channel estimation and coherently combine

symbols from the low-rate fingers with the channel estimation. Receiver 100
may be suitable for, among other things, receipt of spread-spectrum signals
including, for example, WCDMA signals, IS-95 CDMA signals, and other direct
sequence CDMA signals. In at least one of the embodiments, receiver 100

30  supports the reception of multicode channels where several parallel dedicated
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1 9 SEP 2006 physical channels are transmtted wth different spreading
codes and nmay use the sane spreading factor. FIG 2 is a functional block
diagram of a low1level receiver in accordance with an enbodi ment of the
present invention. Low|evel receiver 200 5 is conprised of interpolator
210, high-rate path 220, lowrate path 230 and processi ng el enents 240.

H gh-rate path 220 nmay provide for the reception of nulti3rS&Pdlithannel s and
|l ow-rate path 230 may provide for the reception of fixed-rate channels. For
exanpl e, physical channels having spreading factors of at |east between 4
and 256 and greater with channel bit-rates of at |east between 10 30 - 960
kbps and greater may be processed hy high-rate path 220. In one enbodinent,
hi gh rate path 220 may recei ve physical channels having a spreading factor
of 512 for ekpiql ehanficls arel @elhsnd ttatiwitlh dififesinsspréddisgicodds anb aweyalss tHeavi ng a

pr edet er m ned SFre%diqg factor (e.g., SF=256 wth a bit-rate of 30kbps) may
be despr ead *Hj° PBWHE & Yat h 230. Channel's, such 15 as physical channels,
are made up of raNEQ if & anesorAlblotk dikgremf s lov-leveleedidinge with a WCDVA

enbodi nent of the present invention, the length of frame, f exanpl e,
may be 10 revsgiined VR RLemea Rt ot e P i Lov s et B0y Eaen
tinme-sl o hascomipeisetbofimaihalatbr 200, ;glﬁmtemmmmeﬁramfpamw)@ar time-slot may
depend on-the sprea&ji ng 23§t r,an %gez\ (il ot for({%t t%f the,phc}/sical channel .
20 | nt er pol AGFS2BFFE [Si478: _"§%tBB S0 TRV BOVI4SPHINE Te6ARHAD) 9Lt  om an anal og
front-end anghlti-@itéSnbdiCardas® riid §ath 286 nfaly ptdveddreshbardpiciigll es to provide

t he baseband sanples wiith an increased sanpling rate to the high-rate path

and the | ofixpdriade ﬂmﬁlsfﬁ@%l?@hﬁ‘éﬁ&ﬂh%l%%g@gﬁﬁ?ﬁ@ég st oy the fingers

of recei ven LOQuiebfs MdIBAnd BehicPRth cRARPHCRLS o0kt IEAELARBANE! 5. For
exanpl e, 25 mtergol ator 210 ma}é recei ve baseband sg | es at rate of four
g

tines tHh@ cBPp-0aKBps a4 grogiey mey e propessedsiiiEl-Frje path 82¢-dnepght times the chip
rate. |nterE&B@&iﬁfentzﬂn%hl!ﬂgé/patfi’ﬁzd%&Qﬁ@éﬁgﬁsw&aﬁﬂﬁé%ﬁféﬁmmS and, for

exanple, flip-flop a Ic circuitry. gh-rate path 220 incl udes at

| east one hisgRedivg Belpaic 1R ifprgapmplepfor dedicated channels.
Physical channels having a predetermined spreading factor {e.g., SF=256

with a bit-rate of 30kbps) may be despread by low-rate path 230, Channels, such

15 as physical channels, are made up of radio frames and time-slots. In accordance
with a WCDMA. embodiment of the present invention, the length of a frame, for
example, may be 10 ms and a frame may include, for example, 15 time-slots.
Each time-slot has fields contziining bits. The number of bits per time-slot may
depend on the spreading factor and the slot format of the physical channel.

20 Interpolator 210 receives baseband samples (both I and Q) from an
analog front-end and raises the sampling rate of the baseband samples to provide
the baseband samples with an increased sampling rate to the high-rate path and
the low-rate path. The higher sampling rate may be used by the fingers of
receiver 100 in resolving multipath components of the channels. For example,

25  interpolator 210 may receive baseband samples at rate of four times the chip-rate
and may raise the sampling rate to eight timnes the chip rate. Interpolator 210 may
be implemented with ﬁltér elements and, for example, flip-flop and logic
circuitry. ‘ |

High-rate path 220 includes at least one high-rate rake finger 212 to

30  despread spread-spectrum signals comprising the multi-rate channels. Each

5



30 despread spread-spectrumsignals conprising the multi-rate channels. Each
51 9 SEP 2006 nulti-rate channel may have a different spreadi ng code
allowing for the substantially simultaneous reception of several nulti-rate
channels (i.e., multicode reception). In one enbodi nent, high-rate path 220
may include up to six or nore high-rate rake fingers.212d§g despr ead

mul ti-path conponents of the 5 signals. High-rate path 2707 k5 & ncl udes

hi gh-rate rake 214. Hi gh-rate rake 214 reads data synbols fromhigh-rate
rake fingers 212 and nultiplies the synbols by a channel estimation for
each mul ti path conponent. High-rate rake 214 also conbines the nmultipath
conponents for each of the nulti-rate channels. Control synbols fromthe

Cont rol 1 urle0RORE CERERL AR oive A e R R IR ROt Ko vl 2t 1 on  and

guanti zati mbmmﬁptnﬁuﬁnmyrqbqﬁioﬁroﬁsevémmakm chanielsfiel, and frane

Fingor s 212 GHF IREP S5 R B8 BR B Bat s GRE APPSR dP et & and

el ement 216Ginaymhe hnghp’aterrﬁltttm\amzuﬁt@d@pﬁ@damahr-pabﬂémg@ﬁeaﬂsbem th software,

Finger s rrsegele BisraR paih AN Bl dicer PRt i 20 TBABRFSIN power control

el ement 222reﬁﬁ@aﬁh@ma@1h ﬁ@ﬁimgmfdﬂérakaﬁﬁgerﬂlomsmﬂﬂpl%s@m%&oﬁ4o maybe
i mpl enent ed rmre rocessors conf@gbi_ﬁaﬁmth sof tware, and may

one’ or
i ncl ude one‘”r chappel et pEpeh 5o c el nore low-rate

fingers Zz&obﬁuﬁ@%rr@&ﬂﬁpaﬂﬁfwzhﬂ)dhéﬁt@ frQBEROITENY SuBitrafiheatls pegitdium si gnal s
conprising the fixed- rat? channel's, and a Jowrate rake 232 to coherently

conbi ne sy ripEPelsfioghihe sylt-stechapnelyaay boprgvided 1p pIo¢assiRA EemESE | mat i on.

Low ratgy f i 10€6:5c0A 28! faﬁaﬁohﬁmcluaﬁgema;eaﬁﬁvawemmmamr@mm s, and
| ow-rate rake 232 nmay I mpl enent ed a processor confi gurabl e wth

sof t war e, s%éﬁ“%zaﬁq}}iﬂbmﬁgwﬁ%ﬁmrfoﬁﬁVDHﬂ%@SM@P@l&éméhannel esti mat or

218 whi ch %ﬁﬁm&taﬁoﬁmheha@@ﬁhbo@mrﬁwﬁs%ﬁeiﬁaneﬁmarmékémaﬁ&m conponent s
whi ch are coherently conmbined wt
Fingers 212 and rake 214 may be 1mplemented with hardware elements and

element 216 may be implemented with a processor configurable with software,

15  such as a digital signal processor (DSP).

Processing elements 240 include fingers manager 226, frequency and
time-tracking element 224, power control element 222 and channel estimator
218, Processing elements 240 may be implemented by one or more processors
configured with software, and may include one or more DSPs,

20 Low-rate path'230 includes one or more low-rate fingers 228 to despread
multipath components of spread-spectrum signals comprising the fixed-rate
channels, and a low-rate rake 232 to coherently combine symbols from low-rate
fingers 228 with a channel estimation. Low-rate fingers 228 may be
implemented with hardware elei’nents, and low-rate rake 232 may be

25  implemented by a processor configurable with software, such as a DSP. The
processor may also include channel estimator 218 which generate the channel
estimations for the multipath components which are coherently combined with -
symbols from a low-rate finger 228. Low-rate path 230 also includes
normalization and quantization element 234 which may be implemented, for

30  example, by one or more software configured processors.

6



synbols froma lowrate finger 228. Lowrate path 230 al so includes
normal i zati on and quanti zation el enent 234 which may be inplenmented, for 30
exanpl e, by one or nore software configured processors. 6 1 9 SEP 2006 It
shoul d be noted that although processing elenments 240, |owrate rake 232,
and normalization and quantization el enents 216 and 234 qgﬁggg%ustrated as
separate functional elenents, they may be inplenented by or Fokllbnor e
processors configured with software, such as one or nore DSPs. Fingers 5
manager 226 may assign one of high-rate fingers 212 to a nulti-path
component of the several nulti-rate channels. Fingers manager 226 may al so
assign one lowrate finger 228 a nulti-path conponent of the fixed-rate

channel's. FI G 3t kipufil HeHivedd ARk AR Poddistl ks 20N i rlaRe r ake finger in

accordance with an enpodi nent of the present invention, H gh-rate rake

finger 10 2¥bapbagsmalinsion apdiayeatizaiips slements phhdd34ase dlugetedisgnal s from a

channel and I ng. Each finger-
300 desprea%%%%;ﬁﬁﬁgéel?%ﬁ %S%I, ﬁ]ﬁg%&?fﬁlﬁﬂgﬁgﬁ%%%ﬁ&%ﬁnel correlators
302. Each fpwg@sora@@@gwdwtmgwm@h@mnwnaprﬁ@lsﬁ’s.d%mgﬁr%i gnal . The nunber
of finge¢s Shan fol gs] dhe hi gher the
chip ratfe, tggagfqﬁ)%q?%s% 5%?) %mpal 1%% %‘ge%?el?g g?fe&lt?rg?tg C?%kgneﬁ ngers 300 may
be utili zedoftbs swershmplteraterrbanyelst Fingers anageh32mehy eleo hisign avai nt ai n good

per f O MRNCerouf\Yhntel AGAMMIRG oRlpchb 9018 Hi0rae DRNRYET . mBY Tesult in

i ncreased conbi ni ng 1 osses. 0."'a novenent of recerver 100, especially
when enbodi ed i nFl&. hardfunttidngl tlodki disgreo whehigbasieoskedngeris, t he scattering
envi ronment _w.lJ. change ] o t ion factors wll
change. Rak%é@f)}ld%c(eér“gjlnoe%rr%? %91 F églﬂggltceg%ég‘%%@l’e r'r%Feer,%eg@ﬁée ?ngers manager
226 (FI® 2300drespreads (andehayalschdeseramblepregeidedosignatpfidm eahannahmwint . Smal | '

changes (e.g :ﬁml .t I f code tracking
| oop enbodi E%fe{ake%ﬁ ?Ig %g y Ogsn{@:QI;l [ ﬁ%ﬁ%&?ﬁ'gﬁ%gﬁg%nﬁao%ﬁ?g%ﬂg&e 2) which may
track the treceiveldigplsofitteaetvf duth chamelhco2blapondi Eath fidget Aespsgadead- spect rum
si gnal s.

bl
—~

one component of a multipath signal, The number of fingers 300 depends on the
channel profile and chip rafe, The higher the chip rate, the more resolvable paths.
15  Therefore more rake fingers 300 may be utilized to catch the energy from the
channel to help maintain good performance. A very large number of fingers 300,
however, may result in increased combining losses. '
Due to a movement of receiver 100, especially when embodied in a hand-
held mobile communication device, the scattering environment will change and
20  thus the delays and attenuation factors will change, Rake fingers 300 may be
reallocated, for example, by fingers manager 226 (FIG. 2) whenever delays have
changed a significant amount. Small changes (e.g., less than one chip) may be
taken care of by a code fracking loop embodied in frequency and time tracking
element 224 (F IG. 2) which may track the time-delay of each multipath
25  component of the spread-spectrum signals. |
Data channel correlators 302 despreads and descrambles a physical
channel with the proper spreading and/or scrambling code for the channel. In
accordance with one embodiment, for example the WCDMA embodiment, each
data channel correlator 302 despreads and/or descrambles one of several parallel
30  downlink physical channels (DPCH), each having been spread at the transmitter

7



Dat a channel correlators 302 despreads and descranbl es a physical channel
with the proper spreading and/or scranbling code for the channel. In
accordance with one enbodi nent, for exanple the WCDVA enbodi nent, each data
channel correlator 302 despreads and/or descranbles one of several parallel
30 downl i nk physical channels (DPCH), each having been spread at the
transmtter 7 1 9 SEP 2006 wth different spreadi ng codes and having t he
sanme spreading factor. In other words, when nulticode tranqq;ﬂﬁj@@

enpl oyed, data channel correlators 302 despread and/ or descranb mul ti code
physi cal channels. The physical channels may, for exanple have spreading
factors ranging, for exanple, between at least 4 5 - 256 or greater which
correspond with different data bit-rates. O her physical channels that my

be despr eadyaRe! e 8ses o@@si@ﬁ&lﬁ@fuﬁ%@%‘&%?%%%%)ngfa%{dﬂ%oﬂwfror exanpl e, the

secondary conmon contro c{; si cal channel . _I'n one enbodi nent,
hi gh-rate fWagsy Wmonulieedgdansmipsion iscHpinyed. datarchamngl eprrelaars 383d pi | ot

channel buf hgbredd dnu/Bl delraifie imo0RO b Rlcal | Glap? THEDE/APLEANA0 and/ or

despreads a flxed-rate physical chan r-exanple 1n a

enbodi ment , may.deneismpls hase smerdingshotoEminging, S snple, ket m@ﬁleaﬂtﬂe conmon
pi | ot phéz’s' CQ?éSP ﬁ@ﬂwﬂ@ﬁ’ﬁcﬂékﬁmge it fereh é.?nfa f‘e%%fﬁ%fj]r ®R{ceadi ng  factor

such as rate p yS|ca chann I's despread .
and/ or descclanbﬂedlabgaapbds@ﬂsgmhhmdédrd@wmnbladbyc@r@mtwﬁmmcmeadl ng code and

15 scranbli ] ! Med signal is
correl at ed g”;"%ﬁ’%?’ dé?‘f'eé%{d%é) ('t%h &C%Q‘a’gﬁ%g?é&%%ar%?f@&%&é "wWith the del ay of
the nultipath clmmermbbdimeoigkighene fiags 360 dbhidgepitot ahancheraiyieropr i at e

scrambl i ng SPAG AR oRRESUENS B RR o Bhal BE-RIRAPEkA L ERE dospread and) or

descranbl ed recerves s m Sators and
separ at &8 t hel/orsigsiredds adzedrak plysicel cﬂlbmtel Jfsoctnmt for Syarigsle én 4 r om dat a channel s

are stored uf f er s 8 a s .fr co ol channel s
are stored Wlb% ?%?O%E?{im ]é)fg %qcﬁﬁ%@yﬂﬁgd’g]%ﬂ% hi gh rate
finger 300 aﬁ‘tmnbrapﬂottphyﬁdfaﬂibhannel may have a fixed or predetermined spreading

factor such as 256, for example. The fixed-rate physical channel is despread

and/or descrambled by pilot channel correlator 312 with a spreading code and
15  scrambling code.
In correlators 302 and 312, the received signal is borrelated by time-
aligning the spreading/scrambling code with the delay of the multipath
component, Code generators 310 generate the appropriate scrambling code and
spreading codes for the channels to be despread and/or descrambled.
20 Framer 304 receives symbols from the correlators and separates the
symbels according to slot format. Symbols from data channels are stored in data
channel buffers 308 and symbols from control channels are stored in control
channel buffers 306. In one embodiment, high-rate finger 300 may have several
control channel buffers 306 and several data channel buffers 308 which
25 comespond with one of correlators 302 to receive respectively the control and
data channel bits from the associated one of the several parallel dedicated
physical chemﬁels. .
Conirol chamnel buffers 306 supply complex symbols from the control
channels to the receiver for processing. Data channel buffers 308 supply the
30  complex symbols from the data channels to a finger engine of high-rate rake 214

g



control channel buffers 306 and several data channel buffers 308 which 25
correspond with one of correlators 302 to receive respectively the control
and data channel bits fromthe associated one of the several parall el

dedi cated physical channels, Control channel buffers 306 supply conpl ex
synbols fromthe control channels to the receiver for processing. Data
channel buffers 308 supply the 30 conpl ex synbol s fron1th¢QQE$gw@hannels to
a finger engine of high-rate rake 214 8 19SEP2006 (FIG i'T"ot channel
buffer 314 receives synbols frompilot channel correlator 312 and stores
the pilot channel synbols. The pilot channel synbols may be used, for
exanpl e, for channel estimation by channel estimator 218 and fingers

T eauency and6: Hebio: SRR IERE HEE - FRCE FO P HGBPSORINGY Do

i npl ement ed wztahdl@@féa\a@erlﬁmehmmtsmba@rn@@aapmmeleﬁﬁsah abkpbe 302 and 312

may be conprised of nultipljers and accumul at . el e nts framers 304 maybe
conpri sed of UsE&dPE @paplen fpr chsRaghestigaion by F%’épaﬂ? f“F%FrET ields in a

sl ot format. mﬁwgéﬂzs(ﬁﬁﬁ:z?%ﬁ&%e@éhc?&a&@n e RARiRYys, and code
generators 310 may be shift regjsters with logic el errents FIG 4

i | lustrat®s %@ﬂ“@‘?@éfﬁﬁﬂé‘@l%@lﬂﬂéﬂ?ﬁﬁnﬁﬁﬁ@ GRYsi cal channel . Physical channel

400 may include %sa%r@@@ﬁa ¢ b8 ififldmerftiBy i Bhr &R AL ERineERAPRRKSMHEA, 406 and
410. In a WCDVA enbodi ment, physical channel 400 may be a Dedi cated 15

Physi cal Charmﬁr@latqrbﬁilaﬂnd%3@@?&@&%@@@&@3@1%11. PRIAE cal Dat a
Channel s ( DR ntsmeﬁ@@hwyb%aagﬁéeaomn@ﬁsMﬁa&tﬂys'cal Control

Channel s ( DP hi s enbodi ment I ncl'ude respectively,

transport pOW@ﬁg*@‘GdlfOﬂ@Pnt(fYﬁdﬂs mrﬁ-ﬂ@trfamaérﬁufﬁfﬁ gnd 348 mayBasport f or mat
conbi nat ypn IEQLQJ)I?%&G%E&D(STM QOdQQQuePdéérQEI%Efbe éﬂ?ﬁgf@?dterém ¢ be a dedicated

20 channe tlmermtlpf’exe wthin tine . plurality of
time-slots damenimy conprise one radio frame 412. Channel 400 is a

mul ti-rate chan n%G'F P@tustrates an example slot format for a physical channel. Physical

channel 400 may include data channels 402, 408 and control channels 404, 406
and 410. In a WCDMA embodiment, physical channel 400 may be a Dedicated

15 Physical Channel (DPCH), data channels may be Downlink Physical Data
Channels (DPDCH), and conirol channels may be Downlink Physical Control
Channels (DPCCH), In this embodiment, DPCCH may include respectively,
transport power control (TPC) information, an optional transport format
combination indicator (TFCI) and pilot bits. Channel 400 may be a dedicated

20 channel that is time-muitiplexed within time-slots 414. A plurality of time-slots
414 may comprise one radio frame 412. Channel 400 is a multi-vate channel that

may have been spread with a spreading factor ranging, for example, between 4
and 256 or greater. The spreading factor determines the number of bits per slot.
Channel 400 is an example of one of several multi-rate channels that may be
25 processed substantially simultaneously by high-rate path 220 (FIG, 2).
FIG. 5 is a functional block diagram of a high-rate rake in accordance
~ with an embodiment of the present invention, High-rate rake 500 may be used
for high-rate rake 214 (FIG. 2) to combine the complex symbols from each of
the high-rate fingers 212 (FIG. 2). High-rate rake 500 comprises a plurality of
30  finger engines 502 and combiner 504, After each rake finger 212 despreads the
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may have been spread wth a spreading factor ranging, for exanple, between 4
and 256 or greater. The spreading factor determ nes the nunber of bits per
slot, Channel 400 is an exanple of one of several nmulti-rate channels that
may be 25 processed substantially sinmultaneously by high-rate path 220 (FI G
2). FIG 5 is a functional block diagramof a high-rate ratf i n_accordance
wi th an enbodi nent of the present invention. H gh-rate rd @bmmhay be used
for high-rate rake 214 (FIG 2) to conbine the conplex synbols from each of
the high-rate fingers 212 (FIG 2). H gh rate rake 500 conprises a plurality
of 30 finger engines 502 and conbi ner 504. After each rake finger 212
despreads the 9 1 9 SEP 2006 received signal with a correlator, for

coher ent deppgidddfalwith hRELELaBA SrtShatid defBulkRA Thie chgiP5EX Synbol s
representing the despread signal fromone of data buffers 308 (FIG 3) and
may nul ti pl jpay red desemples smgwﬁrepwelamgithﬁ/@sa@a%wgw@owmﬁéﬁtaest i mati on.

The channel i ' Ied i d to correct
phase err orblgfle(&ig @%@gﬂ?ﬂ%gaﬁ%ui ﬂger ggg%(%agis%l%ﬁq%%%%r{% strategy.

Conbi ni ng stheand gitimatieny Thanheensbestingtionsoaype e complek paplitide Pl i8r equal gai n

conbi ni ng. ' %l-ff’\ea ﬁ%@y era?!' lLyna@asure the

mul ti patﬁ p%?ﬁ]‘gdﬁeg%{raow éa%%%vg«g |on°§l)t t?’ncg C ggﬁglcl%lg.nlmmti ons as the
mul ti pat h cemiagrcbombiningstyategiey myeincludg, For exm@plepnaximpbtiooakquat at ed 10
accordi ngly ] ; F ! ' i nes the

conpl ex syn%%%g&kﬁc}%%ga%%%gﬁgﬁmﬁé&%l(?z%étﬁ?ﬁygﬁ%ﬁﬂ&gg%gl?gsa tnicfggbby el enent 216
(FIG 2). | mubipathendfteliamnvide tdreectiensdd therchammgl estipations asuhd i code '

functionali r ' = j i I ubstanti al |

. 1tﬁ:9qn cotfipichls chende! g% Gubid @E@?@Q&J R rgilibeiied ! y

Si rrultaneouéﬂféy. n a sHbBdr e .S vera paralTel dedicated

physi cal0 c hanodingihayfimggrs rdafager 26(Fich ap Gombiet 564 tapbiaestheng codes may be
processed -t gget.her - C high-rate finger 300. (FI . finger

engi ne 502 f‘rogn)}) I%iyﬁb“é@% Id%tb%quglﬂﬁg axzﬂo& nggg Q‘&%tufnf%é' %%W@Fgg channel s by
an inverse {GtYe channel estimate. Conbiner 504 separately conbines the

conpl ex symbol s ﬂl%rne gl%gcr)]dir%%ntf &1% reoetver r%ftij? support multicode functionality to

Q)]

receive several multi-channel signals substantially simultaneously. In a

15 WCDMA embodiment, several parallel dedicated physical channels having
different channelization/spreading codes may be processed together by each
high-rate finger 300 (FIG. 3). Each finger engine 502 may multiply data symbols
from each of the physicél channels by an inverse of the channel estimate.
Combinef 504 separately combines the complex symbols for each of the separate

20  parallel channels for subsequent normalization and quantization by element 216
(FIG. 2).

High-rate rake 500 may be implemented with hardware elements. For
example, finger engines 502 may be ooinplex multipliers and combiner 504 may
be a symbol combiner.

25 FIG. 6 is a flow chart of a spread-spectrum receiving procedure in
accordance with an embodiment of the present invention. Procedure 600 may be
| performed by a spread-spectrum receiver such as low-level receiver 200 (FIG. 2)
although other receivers may also be suitable, For example, operations 602
through 612 may be performed by high-rate path 220 and operations 614 through
30 616 may be performed by low-rate path 240. Operations 602, 606, 608, 612 and

10



20 parallel channels for subsequent nornalization and quantization by
element 216 (FIG 2). H gh-rate rake 500 may be inplenented with hardware
el enents. For exanple, finger engines 502 may be conplex nultipliers and
conbi ner 504 may be a synbol conbiner, 25 FIG 6 is a flow chart of a
spread- spectrumrecei ving procedure in accordance with an enbodi nent of the
present invention. Procedure 600 may be performed by a spi dadPsigbct r um
recei ver such as |l owlevel receiver 200 (FIG 2) although other receivers
may al so be suitable. For exanple, operations 602 through 612 may be
performed by high-rate path 220 and operations 614 through 30 616 nay be
performed by lowrate path 240. Operations 602, 606, 608, 612 and 10 | | 1
9 SEP 2006 614 nay be perforned directly by hardware and operations 604,
610 and 616 si@yabee p&férmedr&ﬂedw bgherdeardmepRatar$90) SLocadkigured wth

sof t war e. %eratl gﬁ des reads and ma g@ﬁ%{ I{EI e.multi-rate channel s
with spreadi®Fersdeme Ho’é‘% HROTPHY “E 6 KR PF ¥ Bper ati on 604. A
hi gh-rate 5 rakecg,eﬂag@rsmspiaﬁ@ra@@ﬂwes&famm@uﬁmmaﬁm%ﬁum signal s
conprising the _nultj-r te ch?nneld%%EEach l[ti-ra

despread/deéﬁrre%‘é’(ﬂleﬁ éﬁéﬁ? Y HQQ%fa%OIb‘?e%gﬂé Talhr eadi ng code

‘al'l owi ngsf 0Ed&ﬂ&g&%@@%rhﬂ/de&craﬁb%{:ﬁeﬁ&@ﬁdﬁuﬁ%fgﬁ% compRiinsegeral nulti-rate
channel s to suypport. mul ticode _ operation (ﬁﬁerat i on 606 separates the

control andM84-atehenrls Eagy mplicgte shagnebdesprepd/deserambledia gp@piéotand may store

the control sapghag@be aﬁﬂﬁaeﬁt%pfeamﬁge@&eaﬂ@m&g%hﬁé SubstifalgPNt r ol synmbol s may
be provided to a’ processor f 6Wi/stem control functions. Operation 608
1§V

nul tiplies tkaligagons Boeion maliecrate dienels in garpogiawticegec hannel
estimation. ;Lpefgiion 610 generates a channel estimation for the 15 nulti
pat h corrponents of the received signals. Cﬁ)eratlon 612 conbi nes the

nul ti patlR conpon@nemstiqnd0osapasates the n@mmd gegyambelsdpmedch of the

multi-rate channels and may store the control and data symbols in separate
buffers. The control symbols may be provided to a processor for system control
fumctions. Operation 608 multiplies the data symbols from each rake finger with
a channel estimation. Operation 610 generates a channel estimation for the

15  muilti-path components of the received signals. Operation 612 combines the

- multipath components for each of the multi-rate channels.

Operation 614 despreads and may descramble one or more fixed-rate |
channels with appropriéte spreading and/or scrambling codes generated in
operation 604, and operation 616 multiplies the resulting symbols with a channsl

20  estimation and combines the multipath components of the fixed-rate channels.
In a WCDMA embodiment, the spreading and scrambling codes of the fixed rate
channel differ from the spreading and scrambling codes of the multi-rate
channeis. _
Although the individual operations of procedure 600 are illustrated and
25  described as separate operations, it should be noted that one or more of the
individual operations may be performed concurrently. Fﬁrthe_r, nothing:
necessarily requires that the operations be performed in the order illustrated. For
example, operations 602 through 612 may be performed substantially
simultaneously with operations 614 through 616.
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Operation 614 despreads and may descranble one or nore fixed-rate channels
W th appropriate spreadi ng and/or scranbling codes generated in operation
604, and operation 616 nmultiplies the resulting synbols with a channel 20
estimation and conbines the nmultipath conponents of the fixed-rate channels.
In a WCDMA enbodi ment, the spreading and scranbling codes &P SR xed rate
channel differ fronlthe spreadi ng and scranbling codes of the nmulti-rate
channel s. Al though the individual operations of procedure 600 are
illustrated and 25 described as separate operations, it should be noted
that one or nore of the individual operations maybe perforned concurrently.
Further, nothing necessarily requires that the operations be perforned in
the order illust I'Iamﬁdmdﬁmﬁan@ speRd spéctnsrebder g besgh 612 maybe
perfornmed su ‘*%&iT%ﬁ S|nul ?gous W t h, operations 614 through 616. 11
1 9 SEP 200 TPERVRIRES & 8 resheaidpae champls gt ver has been

descri bed. T&e-ﬁﬁgsmv&fecaa&ﬁﬁed%&%&afeg PR ch®odligfeat, vies Wipl-tdie r at € channel s
and a lowrate path to receive fjxed-rate channels. In one enbodi nent, the

high-rate pairieaueyis ehyricahshpanelnhavingmyreiablesaieading foips apdhedo¥pr eadi ng
factor agd trst@phwe&réaa& SRR CHRSN 1BE3 amaaealsgﬁbmﬁ HaRRe! Mehaving a fixed
spreadi ng factor. orengel ng description of the specific enbodi nents
reveal s the f@féa@n&ﬂesﬁ@mtwp@f Spegic ?%Wﬁﬂ?féﬁreé’ﬁﬁlﬂhmgéﬂﬂmwatuﬁ%? ot hers can,
by applyi ng g4, aad t or various
applications w ?ﬁ%ﬁt lg@g artl ng tJ bajn?;b 5% C&%{Hwﬁgm egéhlyf

fro eneri c concept t'herefore such
adapt at i ons ueodifyrmodiot ﬁ@a’tli fsmmacrlé &Pﬂlcémmﬂﬂ@ut‘iﬁpb@ng&mﬁhended within the
nmeani ng and f F,ﬁ:lln At s It is to be
under st ood [g% % %Oﬁécgﬁgguséo °g°3§§“89a%‘£éd?%°r‘%g bR oyegﬂ;I ﬁﬁglﬁﬁe%an is for the
pur pose 16f d@b@cqrmrﬁmdaimthmthemﬂeamnmanémngﬁo Ww@lfw&gzﬂﬂw the inventionis
intended to ﬁgp | ch alternatives, nodifications, equivalents 15 and
vari ations as gﬁc&l& %&t he spirit and br oad scope of t he appended cl ai s.

It is to be understood that the phraseclogy or terminology employed

herein is for the purpose of description and not of limitation. Accordingly, the
invention is intended to embrace all such alternatives, modifications, equivalents

15  and variations as fall within the spirit and broad scope of the appended claims.
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4# 12 1 9 SEP 2006 CLAIMS What is clained is: 1. A spread-spectrum
recei ver conprising: a high-rate signal-processing path to despread
spread- spectrum signals of nulti- rate channels with a plurality of
despreading factors; and a | owrate signal-processing path tqupg:pgﬂ%ad .
spread-spectrum signals of fixed- rate channels with a predeterm ne
despreadi ng factor, wherein the higltiAdMsS si gnal - processing path and the
| ow-rate signal-processing path conprise parallel signal-processing paths
t 0 concunyriitid Makiesnsead the nulti-rate and fixed-rate channels and
generate, respectively, first and second data outputs. 2. The receiver of
clai m1 whereijn,t ecel [.S: 1 code division nultiple access
(WCDMA) recei vl'eé%ﬁegaﬁﬁgdtﬁ%ﬁécglﬁemgﬂgﬁygprocessi ng path despreads
spread- spect r arighitdte sipedl @repdeyshg path ch dewpadad spi@ud-Spechrurpsizmddd ef mphieadi ng
factor and t{;e Jﬁowtrate si gnal - processing path despreads fixed-rate
spr ead- s puE chanpelsiyith & luralyy ahdespreagingilesdons; adxed spreading factor. 3. The
receiver of clgj _gt\@ggq‘rp_'lr& £10H r i - | onpri ses
at | east one ﬁi g - gt 2 a ec%glgné rag{t]%) %%ﬁ‘ﬁgde%@ds%%g@ﬁ?%@ lrsg)?ﬁtﬁgf(gnal S
conpri si ngechanelsubith a pateteahimand déspreadmgifacrut,t i -rate channel having a
di fferent spreading.cqde allowng for, substantially sinultaneous
despr eadi ng o IFERR et igh- B S18hal dwoesseing Rl end fhe gwia -procgssingh e
recei ver yafh &hii faIE! Fiddl-Bock KA padiiGo RbirfcAie dbiGd thO SRl LAV Ses:  a
set of correla cr)rs,ﬁaeach or?l(taolcat g-%[l%ao ggspreag oﬁe %Eﬁl -rat elc annel of
t he sevdixall-rateckinneld amd|generata) wespdetinelg) firstrdridseeondadasoaitpited spreadi ng code;
a franmer to separate control synbols and data synbols for each of the
despread nulti-rate channels; and a buffer for each nulti-rate channel to
store the conty ghe AREVEASISHITP WhércliPthe kiBiver R WRIBHRH e Blidibn T 3t ©

' multiple access (WCDMA) receiver and the high-rate signal-processing path despreads

spread-spectrum multi-rate physical channels having a variable spreading factor and the
low-rate signal-processing path despreads fixed-rate spread-spectrum physical channels

having a fixed spreading factor.

3. The receiver of claim 2 wherein the high-rate signal-processing path comprises
at least one high-rate rake finger to despread spread-spectrum signals comprising the
multi-rate channels, each multi-rate channel having a different spreading code allowing
for substantially simultaneous despreading of more than one of several multi-rate

channels.

4, The receiver of claim 3 wherein at least one high-rate rake finger comprises:

a set of correlators, each correlator to despread one multi-rate channel of the
several received multi-rate channels with an associated spreading code;

a framer to separate control symbols and data symbols for each of the despread
multi-rate channels; and

a buffer for each multi-rate channel to store the control and data symbols for the

corresponding multi-rate channel.

13



13 1 9 SEP 2006 5. The receiver of claim4 wherein at | east one high-rate
rake finger further conprises a code generator to generate the associ ated
spreadi ng codes for despreading each of the several multi-rate channels. 6.
The receiver of claim5 wherein at | east one high-rate rake finger further
conprises: a pilot channel correlator to despread a pil ot chanmglsglp%@ng a
predeterm ned spreading factor; and a pilot channel buffer to store Synbols
fromthe despread pilot channel received fromthe pilot channel correlator,

wherei n the coglengenctal o ahsq ARASH A £ A2 RLEANNAL AR FRfpespr eadi ng

by the pilot chann corre celrver of C erein the

mul ti - r at@ngidanetaleh@veratr 3@ paagite thefaasichited sppe@inocodpp fondespreling from 4 to
256, and th](js éi xed-rate c,hann%I s has a spreading factor of approximately
256. 8. TH&hpEtsisgsralgpulgirgicshanighiar ei n t he hi gh-rate signal - processi ng path
further conmprises a first rake and wherein the |owrate signal-processing
path conprises second rate, the first and second rates to generate,
respectivel y, §.iThstrehadr s€claimi Sdateaeinat lpart sne BighThe ralecfngee furdfercl ai m 3
wherein the hjgh-rate signal-processing path further conprises a high-rate
rake to r¥EP™%bols fromat |east one high-rate rake finger and to

mul tiply the syghglfaél orfdIabrR! de M@gﬂ&r&ha@{b@'h%ﬁ%%%&e&?%krﬁw rate
si gnal - processihg path conprises a Towrate rake to réad synbols froma
| owr at e spadadirfgfagter; aadd to nultiply the synbols by a channel estimation.

10. The receiver, of  cl ai wherein th igh-rate rake i§ conprised of at

| east one fi ngaeli’ﬂ‘gﬁb?l?‘ﬁ?i g]‘bt%%? il Vni‘}ﬁ’gs g?/‘%ﬁléﬁ @esmeﬁapﬁ%é@ﬁ%%%qel timation,
and a conphhgke bifot BRI &5 rdibi | pat h conponents of the nulti-rate channels.
14 1 9 SEP 200 11. The receiver of claim9 wherein at |east one high-rate

rake finger i swhereindhe eode generator also generates a spreading code for despreading by the

pilot channel correlator.

7. The receiver of claim 1 wherein the multi-rate channels have a spreading factor
ranging approximately from 4 to 256, and the fixed-rate channels has a spreading factor

of approximately 256.

8. The receiver of claim 1 wherein the high-rate signal-processing path further
comprises a first rake and wherein the low-rate signal-processing path comprises second

rate, the first and second rates to generate, respectively, first and second data outputs.

9. The receiver of claim 3 wherein the high-rate signal-processing path further
comprises a high-rate rake to read symbols from at least one high-rate rake finger and to
multiply the symbols by a channel estimation, and

wherein the low-rate signal-processing path comprises a low-rate rake to read

symbols from a low-rate rake finger and to multiply the symbols by a channel estimation.
10. The receiver of claim 9 wherein the high-rate rake is comprised of at least one

finger engine to multiply the symbols with the channel estimation, and a combiner to

combine multipath components of the multi-rate channels.
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plurality of high-rate rake fingers, each high-rate rake finger to despread
a nultipath conponent of each nulti-rate channel, and wherein at |east one
finger engine is one of a plurality of finger engines, each finger engine
to multiply the channel estimation with the synbols froma Cﬁhresponding

hi gh-rate rake finger for each of the several nmulti-rate cha SFE 100and
wherei n the conbi ner coherently conbi nes synbols fromthe nmultipath

conponents fr he finger. engines for the several muJtji-rate chgnnels. 12.
The recei ver gﬂ]@ﬁgﬁﬂ‘@%’\ﬂﬁ@]@gﬁ?ﬁ"g}erﬁrlléaglpa%ﬁge {\{ﬁ&g‘ﬁ?ﬁeé #“ég@é 1§ 9@ and the
hi gh-r at ﬁlufa@alfﬁ?ﬁﬁghm@ lrﬁ&qﬁig%ﬁf WchhidlRrAMake gtﬁggrn@ a&mmﬂmﬂﬁ@aﬁf n the

| ow-rate signal- processing path conprises: | east 'one lowrate finger to
despr eadcampaneni gfaabh nwltpone chanpél, apt ead- spect rum  signal s conprising the

fi xed-rate chapnel s; .and a digital. signal .prpcessor..(DSP) 1o generate a
channel est i n’gg?%’_ﬁ”gr\ SE@G%QP%??V%C?S%FHE‘@QWBﬁ g‘?rr%ﬁ’_lnﬁf’gela st one

| owr at efihid?@REin¥td Mty ARIAARe] eRbdtivR Wil the l%_nbaig Srohes %ﬁ‘c%boﬁﬁin%' aim12
wherein the DSP assigns at |east one high-rate Tinger a nulti-pat

conponenhigbfrate figkesfingsr &ir each of the atveral maniredts chandelst andeast one | ow-rate
finger a nmulti-path conponent of the {ixed-rate.channels.. . The receiver
of "ehai m 13 whBFBRH s ESPRER e SRmpeS SRUS ARG ER Fdindl of e

pl ural i t YorRordh@FronatiR ?eﬁ%ﬁhﬂ%ﬁ@he@é\fé?alfiﬁﬂﬁ:réﬁfcﬁaﬁﬂ%@ finger to despread
a multipath conponent of each multi-rate channel, and wherein the DSP

perfornms frequency and tine tracking to synchronize the high-rate fingers.

15. The recei r0f clai 2 further .conpri.sing. an jnterpol ator .to receive
paseband sanpt dLerrEiRaRY S Sg ke AR Sf BiePrled Y BRed R e ot o “of "t he
bas ebandhi‘gﬁff&beacet@e iplemicard tith lﬁ@&ﬁzﬁ@@l@nﬁaﬂﬁphﬁﬁwﬂé&m @e _ldvﬂ%t@@iﬁ‘gﬁﬂ— S a_”D' I'ng
rate in parallel to both the 15 1 9 SEP 2006 high-rate signal -processing

pat h andpmﬁ@ﬁsinﬁ\mﬂmmmsgﬁal -processing path for use by rake fingers. 16.
The receiver gfi G 8hdlob-WAEARIA § B&pRaE N Hifarh WmbBNért: BF §rél b et 0C €SS N9

signals comprising the fixed-rate channels; and
a digital signal processor (DSP) to generate a channel estimation and to
coherently combine symbols from at least one low-rate finger with the channel

estimation.

13. The receiver of claim 12 wherein the DSP assigns at least one high-rate finger
a multi-path component of the several multi-rate channels and at least one low-rate finger

a multi-path component of the fixed-rate channels.

14, The receiver of claim 13 wherein at least one high-rate rake finger is one of a
plurality of high-rate rake fingers, each high-rate rake ﬁngér to despread a multipath
component of each multi-rate channel, and wherein the DSP performs frequency and time

tracking to synchronize the high-rate fingers.
15. The receiver of claim 2 further comprising an interpolator to receive baseband

samples from an analog front end and raise a sampling rate of the baseband samples to

provide the baseband samples with an increased sampling rate in parallel to both the

15



paths are part of a |owlevel portion of the receiver which despreads and
decodes the physical channels, and wherein the receiver further conprises a
hi gh-1evel portion to nmap the physical channels to transport channels. 17.
A met hod for receiving spread-spectrum signals conpri sing: dﬁgp[eading

nul ti-rate channels in a high-rate signal-processing path with7aEPglgrality
of despreading factors; and despreading fixed-rate channels in a |lowrate

si gnal - phishergts signabardsessingpagh al e dowrate nigtalderoprssiagipath foauvsay, ralsher ei n t he

high-rat%n &gnal-processing path and the | owrate signal-processing path

conprise parallel signal-processing paths to concurrently despread the
multi-rate and fixed-rate channels and generate, respectively, first and
second data outputs. 18. The nmethod of claim 17 wherein at |east one

hi gh-rate rakdof Thigescives clams wheseindhe Bighuetle gnd owle sigaahpreressing t he
Iti- | 5, ' Ll ate. I j t

cpr cad ngeLoas i n MRS BoRBRCHS Shota ok HaRRGU MR (RaBLIEL UUL o

several mphydical chdndeBhamhel s. 19. The net hod of claim 18 wherein the

despreading the mylti-rate channels  conprises:, despreading one nmulti-rate
channel of t hé"?@%ﬂﬁlm‘f&é‘@é if\idRer OmPprises sthigh-leyglraraion (g mpp g‘lecRW #igalpondi ng

spreadin ; tJ ntrol synmbols and data synbols for each of the
despreadglrlr%@tg?-t?gr?gﬁrogth%ﬁ%leﬁ%g; and buffering the control and data synbols

for each multi-rate channel. 16 1 9 SEP Z006 20. The nethod of claim 19

further conprising: genperating the correspondi ng spreadi ng codes for
si mul t aneousl ﬁd‘éé"ﬂﬁt OF gecehgss¢adr IpEc ey SHERRIS GOMPIISING: ¢ channel s:

L1, O YT, D RBRE i R0 Al AR of
plurality of despreading factors; and
despreading fixed-rate channels in a low-rate signal-processing path with a
predetermined despreading factor,
wherein the high-rate signal-processing path and the low-rate signal-processing
path comprise parallel signal-processing paths to concurrently despread the multi-rate and

fixed-rate channels and generate, respectively, first and second data outputs.

18. The method of claim 17 wherein at least one high-rate rake finger despreads
spread-spectrum signals comprising the multi-rate channels, wherein each multi-rate
channel has a different spreading code allowing for the substantially simultaneous

reception of several multi-rate channels.

19. The method of claim 18 wherein the despreading the multi-rate channels
comprises:

despreading one multi-rate channel of the several received multi-rate channels
with a corresponding spreading code;

separating control symbols and data symbols for each of the despread multi-rate
channels; and

buffering the control and data symbols for each multi-rate channel.
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conbi ning nulti path conponents of the nmulti-rate channels. 21. The nethod of
claim17 wherein the nulti-rate channels have a spreading factor ranging
approximately from4 to 256, and the fixed-rate channels has a spreadi ng
factor of approximately 256. 22. The nethod of claim20 wherein gggpr@ﬁdi ng
the nulti-rate channels is perforned by at |east one high-rate rake nger
i npl ement ed wi 2(h The mebtlardeofall @mertt Sythandmpaisiigei n despreadi ng the fixed-rate

channels is performed with at |east one lowrate forger to despread a
mul ti path conpSReR{ingfhearespndmespr @i@\é\%ﬁ fZ’r é‘B’H"g‘iaP%‘?‘ﬁb’ tqugrep Red-rate

channel s, cRAQS WRRE G Budil@ld @nsiignal processor (DSP) generates a channel
estimation and coherently conbi nes synbols fromat |east one |lowrate

finger with theuliphingthe detatsymbolsomith e chative] esintridndbr edchiofm pRirflity ofier
conpri sing. assjignin ' the DSP, at |east one high-rate finger a
RS Retineptt nd

mul ti - pat several nmulti-rate channels, and at |east one

lowrate fingegondbhintb nulfgith cSAPRRARYT 1R multeradd #Rdnéiat € channels. 24. A
wi deband code division multiple access ( recei ver to despread

mul ti-rate spread-spectrum physical channels having a variabl e spreading
factor wth a ,plural it despy eadi ng, factor nd t.o,despread.fixed-rate
spread- spect r ﬂ‘éﬁﬁﬁeé}ﬁ/d &jccﬁaéﬁ]n &5 ?{SW%%mghﬂi%%@ﬁ?léQﬁYﬁ SRR with a
pr edet er MaBRE reRIrRAPHRKIANEE: ré S to R86Sind Pe HRM ateSiHAANds Héﬁ'%fré’efdﬁlg

si gnal -processing path to receive the nulti-rate channels and a |owrate
si gnal - prigetes sf apropamatelv2ifecei ve the fixed-rate channels, wherein the

hi gh-rate signal -processing path and the I owrate signal-processing path
conprise parallel signal-processing paths configured to concurrently

despread the mg tlhe hikifoddTtldinXB0whatia dbdpréadinSER B8 ateCRaMRE] i
respectlvelé and generate first and second data outputs, the high-rate

si gnal pregE $y phlenst operpighsiets:rake fingar dmplemneptedhyighhardwerecldeents, agdrs to

despread ty- C nent. of each | ti-rat.e channel, an hi gh-rate
oo tor SudilndenRPAdtng BIBAE e TherBREls pEbce Bl IORTOR for B osh
sy mﬁol S y by dsprbanNeltgRti dbipoent FiPrea@ipédd@nt figndRiédrhpriaidihe on@nast s from
each rake

channels, and wherein a digital signal processor (DSP) generates a channel estimation

and coherently combines symbols from at least one low-rate finger with the channel

estimation.

23. The method of claim 22 further comprising assigning, by the DSP, at least one
high-rate finger a multi-path component of the several multi-rate channels, and at least

one low-rate finger a multi-path component of the fixed-rate channels.

24. A wideband code division multiple access (WCDMA) receiver to despread
multi-rate spread-spectrum physical channels having a variable spreading factor with a
plurality of despreading factors and to despread fixed-rate spread-spectrum physical
channels having a fixed spreading factor with a predetermined spreading code, the
receiver comprising a high-rate signal-processing path to receive the multi-rate channels
and a low-rate signal-processing path to receive the fixed-rate channels, wherein the
high-rate signal-processing path and the low-rate signal-processing path comprise parallel

signal-processing paths configured to concurrently despread the multi-rate and fixed-rate
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finger, and the |l owrate signal-processing path conprises: at |east one

|l ow-rate finger to despread a nultipath conponent of spread- spectrum
signals conprising the fixed-rate channels; and a digital signagspp ?@T@ssor
(DSP) to generate a channel estimation and to coherently conbi ne synbol s
fromat |east one lowrate finger wwth the channel estimation. 25. The

recei verchahngsd AlspctideMnn gbierbgirktiagh s6dhe dadkRirdutd) 98Y R4 kighgl. a set of
correlators, each correlator to despread one nulti-rate channegl of the

several Preewspsinggatimdonipriset:e channel s with a correspondi ng spreadi ng code; a
framer to separ . cont.rol s s _and . data synbpls for each of the despread
i 1 ate obanen? SEigfp E IR oRIR ardihe Y HRRr-Bath ArPoted BBt he
control umi-ged chafiddtbalds for the corresponding nmulti-rate channel; and a

code generator to generate the correspondi%% spreadi ng codes for despreading
each of the séWgharatavake fojead syrabrlmfremsthe high-rmsaakefegars o grligplaite 25

wh ' Iy I . dif f | di d I '
the. cup<SHEIH § R BRBRAE B AL Elbay PR BRI SR BT TS T

and whergihgert he nulti-rate channel s have a spreading factor ranging
approximately from4 to 256, and the fixed-rate channels has a spreading
factor of apBwWdhe kat-eatg sigag:pragssing path comprises:

at least one low-rate finger to despread a multipath component of spread-
spectrum signals comprising the fixed-rate channels; and

a digital signal processor (DSP) to generate a channel estimation and to
coherently combine symbols from at least one low-rate finger with the channel

estimation.

25, The receiver of claim 24 wherein the high-rate rake fingers comprise:

a set of correlators, each correlator to despread one multi-rate channel of the
several received multi-rate channels with a corresponding spreading code;

a framer to separate control symbols and data symbols for each of the despread
multi-rate channels;

a buffer for each multi-rate channel to store the control and data symbols for the
corresponding multi-rate channel; and

a code generator to generate the corresponding spreading codes for despreading

each of the several multi-rate channels.

26. The receiver of claim 25 wherein each multi-rate channel has a different
spreading code allowing for the substantially simultaneous reception of several multi-rate
channels, and wherein the multi-rate channels have a spreading factor ranging
approximately from 4 to 256, and the fixed-rate channels has a spreading factor of

approximately 256.
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