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invention relates to the field of wireless

conmuni cations. Mre particularly, the present
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with a host chip, such as a nodem host in a universal
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ésmmrj&catl ons add HSDPA to provide data rates

up to approximtely 14 Mops to support packet-based
services, (e.g., nultinEdia webbr owsi ng, or the

W@/% [ 0007] HSDPA is }f‘ {% ey RS and adds sone
8 rocedures and phyS| ca annel s. There are sone
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to 14 Mbps, over a 5MHz bandwidth. HSDPA implementations include adaptive
modulation and coding (AMC), hybrid automatic repeat request (H-ARQ) and
advanced receiver design.

[0006] Third Generation Partnership Project (3GPP) specifications are
continually being enhanced with new features, designated with parallel
"releases." Release 5 (R5) specifications add HSDPA to provide data rates up to
approximately 14 Mbps to support packet-based services, (e.g., multimedia, web-
browsing, or the like).

[0007] HSDPA is part of FDD R5 and adds some new procedures and
physical channels. There are some functions that are normally in the layer 2/3 (L
2/3) protocol stack that have to move down to the physical layer because of
latency and timing concerns. There are some stringent timing requirements. For

example, there is a positive acknowledgement (ACK) / negative acknowledgement
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| atency and tim ng concerns. There are some stringent

timng requirenents. For exanple, there is a positive
waceknow2ezsigenmrent (ACK)/ negati ve acknow edgemenpPCNBEHDS5/025540

signal with a specific transmt tine relative to the

received data that requires a | ow | atency design.
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nmuni cate over a plurality of custom zable
m%wefm@@lraiﬁbe modem host operates in accordance wth
3GPP R4 standards, and the HSDPAco- processor enhances
the wirel ess conmunication capabilities of the WIRU
®oop] t hat t he WIRU operaS@E\/ﬂ\/D&RYcordance with 3GPP R5

BBAPLinot | BReRPe P ISBIoBH 1 SIS0 B REErG e iyision
T
BEDEA RHIpEhEeSForT MEhiDRAWNNGunicate over a plurality of customlzable
interfaces. The modem host operates in accordance with 3GPP R4 standards,
and the HSDPA co-processor enhances the wireless communication capabilities of
the WTRU such that the WTRU operates in accordance with 3GPP R5 standards.
[0011] The HSDPA co-processor operates in conjunction with a host chip,
such as a modem host in a UMTS FDD baseband IC chip or a dual mode
GSM/GPRS/EDGE/UMTS or GSM/GPRS/UMTS IC.

[0012] BRIEF DESCRIPTION OF THE DRAWING
[0013] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example and to

be understood in conjunction with the accompanying drawing wherein:



[0013] Anore detail ed understandi ng of the invention

may be had fromthe foll owi ng description of a
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be understood in conjunction wth the acconpanying

draw ng wherein:[0014] Figure lillustrates the
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interconnecting components.

[0021] Figure 1 illustrates the difference between R4 and R5 from a radio
frame perspective used for communication between a base station and a WTRU.
The FDD R4 traditionally has a ten millisecond (10 ms) radio frame 105. For
HSDPA, the radio frame is broken down into five two-millisecond (2 ms)
subframes 110. Each subframe 110 is essentially its own little HSDPA
transaction. In HSDPA, every time the base station sends a subframe 110 to a
WTRU, it expects a response in the form of an ACK/NACK 115 and some CQI
information that must be transmitted seven and one-half(7.5) timeslots after the
data has arrived at the WTRU.

[0022] During each 2 ms subframe 110 in which a WTRU is scheduled to

receive data, the data must be received, decoded, checked for integrity, and an
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transaction. In HSDPA, every tinme the base station
sends a subfrane 110 to a WIRU, it expects a response
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stand-alone operation. The HSDPA co-processor 400 interfaces with the modem
host 300, and provides the additional functions such that 3GPP FDD R5

requirements are met.

[0026] The analog radio 260 supports the transmission and reception of
UMTS FDD or dual mode signals by the modem host 300. The HSDPA co-
processor 400 supports receiver diversity in which case a dual radio is required
along with two antennas. The A/D converter 270 converts received analog
baseband signals consisting of HSDPA and other signals to digital samples. The
D/A converter 265 converts digital waveforms modulated by the modem host 300

to analog baseband.



host 300, and provides the additional functions such

that 3GPP FDD R5 requirenents are net. [0026] The
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reception of UMIS FDD or dual node signals by the

nmodem host 300. The HSDPA co processor 400 supports
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470 in Figure 4). A CPU interface 315 is established between the HSDPA co-
processor 400 and the host CPU 370 in the modem host 300.

[0030] A frame sync signal 320 is provided by the timing and sync unit 380
in the modem host 300 to the HSDPA co-processor 400. The HSDPA co-processor
400 provides ACK/NACK/CQI signals to the transmitter 365 of the modem host
300 via an interface 325. The modem host 300 provides a clock/reset signal 330
to the HSDPA co-processor 400. Optionally, an interface 335 is established
between the HSDPA co-processor 400 and an optional L. 2/3 CPU in the modem
host 300.

[0031] Referring to Figure 4, the HSDPA co-processor 400 includes a

timing management unit 405 for receiving the frame sync signal 320 from the
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305 that are obtained before the RRC filter 360 may be

provided t o the HSDPA co-processor 400 which
wopitcozeBl y may have its own RRC filter (see RRO/UB100&025540

470 in Figure 4). A CPU interface 315 is established

bet ween t he HSDPA co processor 400 and the host CPU
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[§9§3] The TRDEAeiver subsystem 435 includes an advanced receiver 455, a
CQI estimator 460 and an HS-SCCH decoder 465.

[0034] In a preferred embodiment, the advanced receiver 435 includes an
optional RRC filter 470, a receiver 475, an HSDPA despreader 480 and a CLE
post processor (CLEPP) 485. The receiver 475 may be a normalized least mean
square (NLMS) receiver, an NLMS assisted by channel estimation (CE-NLMS)

receiver, an NLMS chip level equalizer (CLE) receiver, a CLE (time domain or
frequency domain), a Rake receiver, a generalized-Rake (G-Rake) receiver, a
receiver that implements other linear or non-linear chip level or symbol level
equalizer algorithms, a receiver with a parallel or serial interference canceller, or

the like.



co- processor 400 further includes a host CPU interface
unit 420, an optional L 2/3 CPU interface unit 425, an
WDKK CQ i nterface unit 430, a receiver sSPOBYS1005025540
435, a shared nenory arbiter (SMA) nenory 440, a
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provides them to the HSDPA despreader 480. The despreader 480 combines the

appropriate number of chips and sends the chips to the CQI estimator 460, the
high speed shared control channel (HS-SCCH) decoder 465 and the chip level
equalizer post processor (CLEPP) 485. The HS-SCCH decoder 465 decodes that
control channel and determines whether the data is applicable to the user of the
WTRU 250. Ifit is, the HS-SCCH decoder 465 sends back the detected control
information concerning the high speed downlink shared channel (HS-DSCH)
codes, (e.g., the number of codes, channelization codes, or the like), to the HSDPA
despreader 480. The HSDPA despreader 480 provides symbols to the CLEPP 485

which performs scaling functions and inputs received symbols into the SMA



| onger, further decreasing the tune available to

transfer the ACKMACKt 0 t he nbdem host 300 and nmaking a
whanodinz2es i nterface nore desirable. [0036] OneP©f/US2005/025540

ordinary skill in the art should understand that the
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Ué"?&d thdt@Qi e VA TRERGYor44Rd 5 hﬁt@h@bfa&lﬁ”@rbﬂgf@or the

orns rate matching, interleaving, tur decodi ng,
AﬁK/NAGjKddlsconteumd atmlysmisemn (D3IRY) haaneﬂharuembod’ment the

R T NN A

whRhChSe @QI RII0AtRBHS @ﬁls 1 valid indicator bit, and the ACK/NACK

is 10 bits plus 1 DTX indicator bit. This embodiment requires less processing

from the modem host 300 but more bits must be transferred across the interface.
Other partitions of the coding may also be implemented. The CQI, ACK/NACK,
and the DTX are time critical tasks subject to stringent latency requirements.
[0041] The transport blocks saved in the SMA memory 440 are optionally
output to the L 2/3 CPU 375 via the L 2/3 CPU interface unit 425. The optional
data mover 450 is capable of performing ciphering of the data blocks before
placing them back in the SMA memory 440. Background information on the data
mover 450 can be found in co-pending patent application Serial No. 10/878,729
filed on June 28, 2004 entitled "Data-Mover controller with Plural Registers for

8-



[0039] Upon perform ng the CRC cal culation, the R

subfranmer 445 either generates either an ACK or a
WO2@K/0202B2 ACK/ NACK and the CQ are then forwardBtS2005/025540

tothe transmtter 365 in the nodem host which sends

the ACK/NACK and CQ to the base station via an uplink

&t@mmﬁhc Qlﬁﬁ@ﬁ]]l@ IprmEom‘ftiQdH@B}m ettaie which is incorporated by

FeRBRFd Ty DT R HAep 6 TR R SRR AR A C-he)

z%ch»deﬁﬁg qﬁe&@@ﬁagfbempmneny vllggaed sl ﬂ‘g?éSMHﬁ@nieﬁic@y fiaoe
depends on where t CQ and ACK/ NACKencodi n
@Qé%lu fi edTha HﬁB@eﬁmwpa@mé%@ yreredvese pER] h@a BS rom the

T T e
dreed !gjﬁgaﬁéalaimpﬂnﬂmmed 4mmm1 GHE RI3SEHD, 128 HoHI-HECHY The

OO RERIATED, SEBRn JBe R R IRAUPORHR) (CALS based on

&é%@étﬂﬁf &AL beBMon i gpla;@ B4R GPRIIH) mnﬁemﬁpﬂ@oyﬂm HEDPA

perfornmed in the HSDPA co-processor_ 400 in which _case
desprezger 48020 T £ Qi velys !ﬁs santabe dhe j@pdemokogdi 800 gy the

éﬁ%&ﬁw E’er}ace% £ 436 u%‘h% I%éd(?ﬁ'dé%cﬁé ng;t ecdi t%§ HS-
é'au res €SS processin romthe rmdlém

$QtSH S&ﬁnﬂ@h Eﬁﬁteolb lc?@?ﬁﬂleOl beSDhB@)stgmbelk dmm)ls’d:let FESDPA
| nNterrtace er | t f . .
dorpresencisq (o 2%%@ 1 dseriascabe SBDGR TR dpBedfeih Fiterbi

&&dolidsC Bbed B ?kﬁ) cdh@l(ﬁtdh'aﬂﬁﬁlét Thetr83€¥%n in these control
requi r enent 0041] The transport bl ocks saved in the

twmm’%& mofalakipn derrpei torthet(HERP 488 cPU
Vi
BB oyl BB FERE3s Pl i TpELERE B9 the

RReuBghmecbUasks 1ﬂiﬁhﬁé @ecoliiagy ofghé Hetn jsoklet.i The BR.EPP 485 may

SMAnenory 440. Back f t
Pl apoteliaBionEc AR Ho BERIRERG FHEERER L SybOls (.c., bite)

(%:5 g%%h&lqeg%% %at tNPecodd/ BHORS g@bﬁéﬂn@f@%‘taﬁé@ 611%%1: from the

a- Mover controller with Plural
BeFiPEt dB5 iartBepPlirt mregn@yphdd, anyl Cpeferms cphysway channel de-

He Ier e ich is incorpor d fe

W‘gs et’oq‘s%?l}#h 190  ERATE° @?ng M a%e?@?e?le%%ﬂgf bit
goRt-4:ablihdPerbs Hedodiny, dard (DECQjahiﬂ&@tldfﬂ)asb@eld) Bk icomadrting soft
allocated in the SVA nmenpry 440
symbols into hard bits. Decoded transport block data is written to the SMA
memory 440. The SMA provides a buffering and communication function
between major blocks of the HSDPA co-processor 400. It provides physical
channel buffering at the output of the CLEPP 485 from which the input of data to
the Rx subframer 445 is read. It also provides buffering of the decoded transport
block data from the Rx subframer 445 from which the modem host 300 can read
the resulting data block.
[0044] In one embodiment, a MAC-hs protocol may be located entirely in
the HSDPA co-processor 400. In another embodiment, the MAC-hs is split

between the HSDPA co-processor 400 and the Layer 2/3 (I.2/3) software running

9-



[0042] The HSDPA despreader 480 receives equalized
chips fromthe receiver 475 and despreads the chips

w0 paoe/02028Hol s, (spreading factor 16 for hi gh spepudsS2005/025540
physi cal downlink shared channel (HS-PDSGH), 128 for
HS- SGCH). The CQ estimator 460 estimates the channel
aquetlel & 2/8 @BUC50 iFreQpinba dbd MohC dsteet be dlsfsﬂbntﬁdmmom an

FerPAeBL SRt o0r) FRESHY A Jonr BBy ipobisors oo-
PRESRHPEGM, 2300 ]‘»@o@d@ﬂ% eI NASI- G ﬂm&mﬁgﬁﬁy ibltihé Layer 2/3
430. The HS- SCCH decoder 465 recei ves HSSCCH (common

S@&W&r@m;@m@t W3 &y mbol s from the HSDPA
reade
G 5, B L i

Hﬁw.e bs-pz.dcaﬁsmrrﬁl()l and ithe trhetesn doat 860 delenirasl berein may be

vi de nodul a f P,

PR R Og PGP ey A bt el T RmpA oo
1965@@014@@ 9y hBeoitigi5elbE afBC, difbortiBoredidd, @Js@p&%;@@dﬁembat is
of the data packet. The CLEPP 485 may provid

mgg%¢ bogeflu weishithe godem best BR8Py S@@f&e@m@%@éblp@ks that
AL A B 4 1)l 1 B 248§ S0 4006 ptences o

{HebPt e Doyt Z00 inay Sﬂﬂu@pmgyaﬁﬂﬁbl@intenupﬁmwhkzh for example,

DRy ?)Ife %gflgté) . aggig(e z:l.tt.ﬂ, el;@%%ﬁmeq aaeg 01 o e%ﬂgé{',alrtggandoéﬁ pemory mapped
ﬁiﬁéﬁ'ﬁ.&nb IPBraflyl BRe A86RHH N haptad fitrfed ebals-BM, idsrface;

as converting soft symbol's into hard bits.
mwmfhﬁhhgwdthmﬁlbed@@@ is witten to the SMA

y 44
BBTRLY: cace i fiorR ARG & BUHSHTA o Bibossor 400 requires
HSDEA: GapiIass 0D piGicslibo picavivies in! st sghifuban peth (FSP)
TR IRITE o oA
Q!réc%n@d%\lgﬂﬁ §s Sft'éﬂ §preRd iR fintd BuRGRER fhath 3 SiROEdmMbATdation

data fromthe subfranmer 445 from which the nbdem
ﬁMeBomhe ESPrleﬁarmaﬁmnr:e siged fmpositdem thy prokessimwinidowpof the

g%\f%ﬂ%g? g;e(iehver 455 Arond Cﬂ J&?e RCL8§ ghe@y be located
[0047] The FSP information may be provided as a timing offset relative to

the frame sync timing via the CPU interface 315. In one embodiment, a
hardware interface may be used and/or the FSP location may be provided relative
to a different time reference known to both the modem host 300 and the HSDPA
co-processor 400. In another embodiment, the modem host 300 may supply alist
of multipath terms that includes the position in time of each term rather than
just the FSP. In yet another embodiment, when the modem host 300 is unable
to provide the required FSP information, the receiver subsystem may include
circuitry and/or software to locate and track the FSP and other multipath

parameters.

-10-



t he HSDPA co-processor 400. In another enbodi nent, the
MAC-hs is split between the HSDPA co-processor 400 and
wo bmchzozes 2/ 3 (L2/3) software runni ngon the LPQI/BSIOPIN25540

375. For exanple, the MAC-hs may be distributed anong

an I ncrenental Redundancy (IR) buffer, HARQ
0048 | onalla tlye prefttred pBDPANCatpHBRsdar hag(0ignals HSDPA

regrderjn ueue bouffer and fupctional it.y i.n t ayer_
ST Gr e B v TR G 1D 1Rl Tl A SEaces
fhe Rr Qe%ﬁh‘edi By efel BIEDIPAC:H pideddsonsioof tHens oimbBaesibtaled
of the HSDPA co-processor 400 and_ the _nodem host 300
pregertesdnelude peramiyingeofen tasmwnber ofH g Ui diumwed their codes,
' j f DPA co
B o B R R e A e or mor e
048] a sdpatatrdwdicandlat sefbwpadkbeybates orpst ingludei 4 means for
he dem ho 300, or,a set chnol o bl ocks .t hat .
Pheympters hoggso BT e daeh Ao ega o bt in
Bhlgbwer EandhiBmbad. eThRGAM1Q brdlhs: PRleR e Surid@Qemdis of time
i ncl ude_programmabl e i nterrupts_which, for exanple,
Thyn blee B%Dﬁ%pmcggeéngm net wgBiredane rate or tinesl ot
and [ I . . )
(8RR BN, ASIEERe AL 1A i lfion
heporibed in Bicheefebidd emlidimentsyintpartisddr cqrifiddtiofiheach feature

PEBlGRIERE R4 58 AIORGIISE 800 Ao GRHTE: AR Tlomapise the
ﬁxfef&ll‘@d éﬂnh%&lﬁéxﬁé‘ b inGARtouB 3bbinaHths @ithiod@ritRdult bt features
e

romth DPA serving cell. Those skilled in the art
wmdelentents of thequesend isvepdaan.i s of ten spread in tine
due to nultipathg n the commynicati on channel. The FSP
information is used to position the processi ng wi ndow
of the advanced receiver 455 around the received
energy. [0047] The FSP informati on may be provi ded as
atimng offset relative to the frame sync timng via
the CPU interface 315. In one enbodi nent, a hardware
interface may be used and/or the FSP | ocation may be
provided relative to a different tine reference known
to both the nodem host 300 and t he HSDPA co- processor
400. In another enbodi nent, the nodem host 300 nmay
supply a list

-11-



of nmultipath terns that includes the position in tine
of each termrather than just the FSP. In yet another
wepdvesizazent , when t he nodem host 300 i s unabl eP€DUS2005/025540

provide the required FSP information, the receiver
subsystem may i ncl ude ciregigiips and/ or software to

| ocate and track the FSP and other nultipath
Waenaietleinsed 3048] In the preferred enbodi nent, the

nodern host 300 signals HSDPA rel ated information and
some general systeminformation from RRC nessages that

i's reaqui red vRyelbde tHRA/EOEP0GARS OWTHID. m%omc@&smaecode
si gnal ed_paraneters_incl ude scranbl m? codes,

dinipirsy mpitiple acerpid CRREA L sisnalscdued T mﬁe@gr y

si ze node paraneters. [0049] The
hard&%)rgﬂgongﬁ?gso tware interfaces may include a

meansbf ar Higle smd@rddmﬂml{%q&cket [POYUEE - Wﬁh@oﬁﬁmsm in

B PR St I thegreln QoA LR P B g pan e ghgrtaces,

@ﬁeﬂe&ﬁ"etﬁ@" HSHPE EepPAcBiRCefbhidsi ShdGhirERE4 éo%ﬁnumcatlon
[ 0050] Althou%{h the features and el enments of the

q@m@bdmes. of Ve WIGHY heronsbidwes panphillitiesropider dyithg modem host

diments in particular conbi nati ons, each feature
or €l enent can be used al one wi thout the other
features and el ements of the preferred enbodi ments or

in variou inati MWth or wit t he eat ur .
and élene 1h§ g“&ﬁ[ﬁ fﬁnlé’%‘@nﬁ‘ Wﬁ@’éeﬁ’il' ﬁ rh@\ﬁ%\t‘:’P?Té?“* €s m
é‘dcafdaelee iveith hirf g’éﬂeﬁéﬁ’&ﬁ phf##@sdHip /ﬂrﬁﬁ@ﬂ VIEPP) RelWERY) (R4)
for processi ng code division nultiple access (CDVA)

@agd@rde, anth shaWRDR appragesryr ephpneesitbe avireless compynication
cf:ag)agﬁlt'{‘és%rf‘tﬁe"ﬁﬁ‘h@ o Eh%.lé I{ﬁﬁ%ﬁf‘e@ﬂ‘é@%ﬁﬁgnce with 3GPP

rocessor 1 n conmuni ca |on W t over

Relphst BIRSWstahdandst oni zabl e i nterfaces, wherein the
HSDPA co- processor enhances the w rel ess comuni cati on
capabilities of the WIRUbeyond those capabilities

proviged by oteRIPSEMARPS wherein the modem host includes a receiver

including a root-raised cosine (RRC) filter.

4. The WTRU of claim 3 wherein the HSDPA co-processor includes an
in-phase (I)/quadrature (Q) samples interface for receiving I/Q samples from an

output of the RRC filter in the modem host.

5. The WTRU of claim 4 wherein the I/Q samples are provided by the
RRC filter in the modem host to the I/Q samples interface of the HSDPA co-
processor at a rate that is substantially twice the chip rate of the CDMA signals.

6. The WTRU of claim 1 wherein the HSDPA co-processor includes a

receiver including a root-raised cosine (RRC) filter.

-12-



al one. 2. The WIRU of claim 1 wherein the nodem host
operates in accordance with third generation

w@asobnznshi p project (3GPP) Rel ease 4 (R4) st apdEDSEN5/025540
and t he HSDPA co-processor enhances the wrel ess

conmuni catiQRy¢RRARIdild S heleid Bﬁ‘e %M@pﬂo@@é@@i ﬁl%lud@s an

WIRUoper ates in accordance wth 3GPP Rel ease
mt-ﬁmtar(ﬁ’éluaﬂl atiive (WiRhplks titeifaralfonhersiing 1/ @am%tﬁ om the

Wﬁ%&z@@%&‘f‘-&g}?ﬁ% i ncl ;{dl nga%}nrgo 0§£%§?§11%1t?1h13the

té’é&&’férsptﬁértqsmmopmmsﬁs an in-phase (D quadrature
(Q sanples interface for receiving I/ Q sanples from

an output of the RRC filter in the nodem host. 5. The

cl H@W’Iﬁﬂ)ﬁd&nﬂ R e mame! sﬁn?le%r ¥ bg&gd&i’ to the

the ter in t nmodem host to
Uthlﬂeﬁnﬁérfab@oﬂﬁ@EiSDBAwpqne%mr atta vote ézhet Emabstastttally

subst.ant.i.al | ]Qﬁ rate of the CDMA signals.
W’m%h% Wﬂﬂj %ﬂhﬁ%ﬁﬁ ‘n t he HSDPA co- processor
i ncl udes a receiver |nclud|ng a root-raised cosine

(RRC) filter.7. The WIRUof claim 6 wherein the HSDP
co- pr%ces%}e VAR P slain b peersin try gipdgrab 9$teln(31‘5des a host

g’e%gpal.l oé EEI%% éﬁﬁ&dﬁ%) - L& ﬁ%e‘@i%@%ﬁ%%@k@s%o; ﬁﬁmdeg & host CPU

providrng t 'es to an I nput
Ditetfhee fERé‘st:hthﬂﬂg cominmaicatiors beweeh thdleosHSBRPand the HSDPA
co-processor. 8. The WIRU of claim7 wherein the FQ
L8 %r e provided to the FQ sanples interface of
t he HSDPA co-processor at a rate that is substanti aIIy

twice the ch|€7 rate of the CDMVA signals. 9. The W&
of clH).m ThehdI&HH of h]@mdd‘@hﬁlﬁ?@%tth@ modgachos m@gfles a tumng

S e& %}E%cl u.IBE %%‘Sﬁlle &) %%@Jauh&e Hﬁﬁﬁémanagement unit

cessor |ncIu Fntertace for
ﬂﬁ'tré&dwmg iafga10e ﬁymrptﬂeé frmms:hb ¢inmime antl endasit oﬁ:ﬁtalnmdam host.
t he HSDPA co- processor.

11. The WTRU of claim 10 wherein the HSDPA co-processor includes a
clock generation unit in communication with the timing management unit, the
clock generation unit for receiving a clock/reset signal from the modem host and

generating a signal based on the frame sync pulse and the clock/reset signal.

12. The WTRU of claim 1 wherein the modem host includes a
transmitter, and the HSDPA co-processor provides channel quality indicators
(CQIs) and acknowledge (ACK)/mon-acknowledge (NACK) signals to the

transmitter in the modem host.

13. The WTRU of claim 1 wherein the modem host includes a layer 2/3
central processing unit (CPU), and the HSDPA co-processor includes a layer 2/3
CPU interface for communicating with the layer 2/3 CPU in the modem host.
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10. The WIRU of claim 1 wherein the nodem host

includes a timng and sync unit, and the HSDPA
w@eeopioessor i ncludes a timng managenment uni PCT/U82005/025540

receiving a frame sync pulse fromthe timng and sync

aner &  1B=TBEER RorpPotBLebrs it Fiee B Fygirises o means

fgeperatih@dotraithe HETPARURrEREI 0 Br Mdcind He: dolifobgsor in a low-
managenent unit, the_clock generation unit for
Rostesstandprames wleep sie P 4 ingpesssing deeheeawdiedm host and
generating a signal based on the frame sync pul se and
the clock/reset signal. 12. The WIRU of claim1l

wher dbn t Aehigbdepeet odtwilindd peldst sactesan@HBDPA) co-qnebetdve for

DPA _cQ; pr.oc r provides channel quality indicators .
FEAPEPE R ABRNDTIeE A8 T HER PR R RS Hea AP ve unit
ITRB), Tht GISDRALHREEEstdr9bniptidifi® nodem host. 13. The
WRU of clajm1 wherein the nodem host includes a
| ayefa)® eeliRt FEPSTSE¥Ressi ng unit (CPU), and the HSDPA
co-p [ . 2, 3SR DLeks ([
comminy £ o ed R B SHTA) 2l o B SR i with the
thogterlshibsTétlend\TKXJ of claim 1 wherein the nodem host
conpri.ses a, neans for powering-.down th DPA )
co- i L det OB TRieHRrR IR AR BT U SL0y et e gshiend
st anghys FRER VBERTAISEP M IRESREa8aniwith he SROA i e@thry.

15. A high speed downlink packet access (HSDPA)

co- processor for enhancing the capabilities of a nodem
oo ALE TR EIA%Lcd LADSIbI ¢ R 165 bkl TR verkfiystem
HSDPA co- processor conprising: (a) a recelver

inelndgstem (b) a shared nenory arbiter (SMA) nenory in

co ication wth the elver subsystem (c) at
|e22?aqaﬁemp TEFE ‘é%mﬁ%?mg@rﬁ%?ﬁ’cati ng with the nodem
host (aBnondishalel 968t MREarSstfar8 (L. MS) Eep Rl 6@td10Rr (CLE
vvith(at'zge SI\/Aaneﬁbr 16 Titgj HS@A c%b-processo@of r )

receiven fos regetving in-phase E¥enadretung Q) semplesiromdabe RRC filter;
(a3) an HSDPA despreader in communication with an output of the NLMS

Faud

CLE receiver;

(a4) a chip level equalizer post processor (CLEPP) in communication with
the NLMS CLE receiver and the HSDPA despreader;

(ab) a high speed shared control channel (HS-SCCH) decoder in
communication with the HSDPA despreader and the CLEPP; and

(a6) a channel quality indicator (CQI) estimator in communication with
the HSDPA despreader for providing CQI information to the modem host.

17. The HSDPA co-processor of claim 16 further comprising:

(e) a data mover in communication with the SMA memory.

-14-



(al) a root-raised cosine (RRC) filter; (a2) a
normal i zed | east nean square (NLMS) chip |evel

weowal2®ees (CLE) receiver for receiving in-phaBer/Uus2005/025540
(I')/quadrature (Q sanples fromthe RRC filter; (a3)
an HPPA 4@s i SIape ko lnBoc QATHH1£iat 1%11w¢éﬁtmee%@%bg¢stem
the NLMS CLE receiver; (a4) a chip level equalizer
lpoh:tdegr ocessor (CLEPP) i n communi cation with the NLMS

eiver and .t reader; (a5) a high
speeéag)naa%%ﬂ@bsﬁf} rc8fm§lﬁg‘8§é?ﬁégis SCcCcH) decoder in
conmyaR )Rk Baratitvar flveetdSRRAI B psaBtpTadenishrt (@) sSlfgPR from
and a% a channel quality indicator (CQ) estinator
tifeation with the HSDPA despreader for
p rovi (QS% eppA &Qéﬂ}@éd&QHEthﬂfmg&gﬁi%ﬁﬁ%h output @lﬁe Rake
co- processor “of claim16 further conprising: (e)
ECGHBH nover in comruni cation with the SMA nenory. 18.
The A [X0) cessor of i he ... .
Fecel oA BUBLET SR ARer Bhe B by QLD Ih S b figatiopavith
iRtk ﬂ'dcéﬁér ahd2Zhe Blsmwedémead@r for receiving

h )./ dr at f h ]
(11 DUEY i hinorasa b eSocenaey. PAnagh S G2 o depdRy in
Al UL YL Wit en ERiHB £ S%égf %épde)l (AH)the GEPP! SYe!

equap‘l zer post processor I n communi cation wth
t he RaBka rbawneleuadity indieatbiSOFANdetmnaad&n corhaBinication with

B A P e e

and (a6) a channel quality indicator (CQ) estimator
i n communi cation with the HSDPA desgr eader for
pr ovi k- ng The HERFér seentogapseioofiahainy e Spstheseomnuising, o

HSDPA £ O aRLLEE98PIn QimufiliRicHidS Wit HHLEMAORRRo3Y.N0:

D

20. A wireless transmit/receive unit (WTRU) comprising:

(a) a modem host which operates in accordance with third generation
partnership project (3GPP) Release 4 (R4) standards; and

(b) a high speed downlink packet access (HSDPA) co-processor for
upgrading the wireless communication capabilities of the WTRU such that the
WTRU operates in accordance with 3GPP Release 5 (R5) standards.

21. An integrated circuit (IC) for processing code division multiple
access (CDMA) signals, the IC comprising:

(a) a modem host; and

(b) a high speed downlink packet access (HSDPA) co-processor in
communication with the modem host over a plurality of customizable interfaces,

wherein the HSDPA co-processor enhances the wireless communication

-15-



(e) a data nover in conmunication with the SVA nenory.

20. Awreless transmt/receive unit (WRU)

w@ovpi2@sng: (a) a nodem host whi ch operat es iPCT/US2005/025540

accordance with third generation partnership project

gg&i?@leg%f%ﬁg § bk ﬁfo@é‘%%ééiﬁhm@@ SréBded bglﬂ;@ $6@8H host
packet access CO- processor

alpr.adi ng the wirel ess comuni cati on capabi | | t| es of

the WIRU such that the WIRU operates in accordance

with 3GPP Rel ease 5 (R5) standards. 21. An integrated

ci rcapt ( Thy 1€ @i‘ clpi 08 Sehdrginahe maﬂeyﬂ Bb@@pﬁt&t@é m @ccordance

access gnal s,  the I C co SI ng §)ér
vw&%ishlr@a?an%wwa H@F“@WT%}H@@HOJG%’(\/@G Yered ( b%t@gdalds and

%E%A GQ: 59&{%&&%%95@ DosGRERI G b muméa&oh%gpmﬁﬁ@g of the

ost over urality o custom zabl e i nterfaces,
Ihewchithat the IH@@M@S 1p pgoedawe vetth3GEERdersei (R8) stgmdards.
comuni cati oncapabilities of the I C beyond those
capabilities provided by the nodem host al one. 22. The
| C obacl arThe 3¢ Whaseh 21t HReRdeld hadenopestaineRided a receiver
accordance with third generation partnership project
induppz Repabgeised coxmy ( gf Bindlitens, and the HSDPA
co- processor enhances the w rel ess comuni cation
capabilities of the IC such that the I C operates in
acco lzdan cThed € bf deRP2Rslleasia the HRDPA tarpuxesr itdudatemm in-

Hse (DErA R RS SoPliy DRSOt SRoRinE Mty opiHigs from e
Afput’ehk GHC Gl i 28 MaERIHbst.he HSDPA co- processor
includes an inphase (1)/quadrature (Q sanples

interface for receiving 1/Q sanples from an out put of

the BRC f‘rh% 7 @%ﬁﬂ%%@éﬂﬂ%ﬁ& %ﬁlé)l%gﬁek)go‘%%c&ﬂ)ﬂﬂ@RRC

24 wher ei n ['es are
filkdrtiarthe mddem lmaﬂedsrﬂimB’Q mmmmntélﬁ@aﬁﬂh@ﬁsmﬂfe cd-pooeessor

it ke Sy R I e <Pit S G T PR OB ol .

26. The IC of claim 21 wherein the HSDPA co-processor includes a

receiver including a root-raised cosine (RRC) filter.

27. The IC of claim 26 wherein the HSDPA co-processor includes an in-
phase (I)/quadrature (Q) samples interface for receiving 1/Q samples from the
modem host and providing the I/Q samples to an input of the RRC filter in the

receiver of the HSDPA co-processor.
28. The IC of claim 27 wherein the I/Q samples are provided to the I/Q

samples interface of the HSDPA co-processor at a rate that is substantially twice
the chip rate of the CDMA signals.
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26. The 1 C of claim 21 wherein the HSDPA co- processor
i ncludes a receiver including a root-raised cosine

wo RRe2283 ter. 27. The 1 C of claim26 wherei n POEUNDDRER5540
co- processor includes an inphase (1)/quadrature (Q
sanplyes | Aent AfeIA00 I eRslkY Nk gﬂé&%ﬁ%@d BRI Berentral
nmodem host "and provi ding the sanples to an I nput
wiocédsmRRGIH (CPEY, and tthe HED#A eo-podcctire HBDPAs a host CPU
Co-processor....28. The |IC of, claim 27 erej he, |/
Bl oS S e TR o7 05 Bk e LB S ASDPA
doSroblldFA co-processor at a rate that is substantially
twce the chip rate of the CDVA signals.29. The |IC of
claim 21 wherein the nodem host includes a host
centr p ' -LNd . ggQ tHimin
co- pr@ées@%qﬁ%ﬁg&des iawﬁt%%%% [ rﬁ’* eefl%(gs!?g o(%es 2 gand
Saicatlit, ahidrih e HEDBAicoatro@ssorliatindena theingossndgithartdinit for

t he, HSDPA co-processor. 30. The 1 C of clai. wherein
KRG RAR RS DR PO g STy 1E Tapipon bost.
t he HSDPA co- processor includes a timng nanagenent

unit for receiving a franme sync pulse fromthe tin ng

and Sinc FhedCof clofin Sothareindbe HIPA yivprocesser ingluglegp clock

%e%e\ll'\gt% g {Jﬂittiﬂ%gmg&i&{ %&%tsﬁl% rtiﬁlﬂ%qﬁi?ﬁigg?n&tol&ﬁt, the clock
eneration unit Tn conmunicati on W e"timng

FARAGRORE tinitl firt rectiring hodbckgeset aignah fitomd tthé anodem host and

receiyving a clock/reset signal fromth d ost and
FawER RS ﬁgﬂ%laé%@ﬁ orh BReTaR)g SYRE PR ﬁ@%s%&fogkf}&%etmal-
the clock/reset signal. 32. The IC of claim21 wherein

t he nodem host includes a transmitter, and the HSDPA

co- pradf es Jbe Iprofvlaim lohkerail theuatdeny hpsidnelades g transmitter,

cknow edge_( ACK) / Ron- n e
i SIS R RAEERC Ptk ARRERE SR 8 gt ana
AdEnoivled goil (ACKD/muhesckinbwl ddige TNAG TGS alk e thedieanemitéstein the
2/ 3 central processing unit (CPU), and the HSDPA
@Bdﬁﬂé@égsor includes a layer 2/3 CPU interface for
communi cating with the layer 2/3 CPU in the nodem

host .
33. The IC of claim 21 wherein the modem host includes a layer 2/3

central processing unit (CPU), and the HSDPA co-processor includes a layer 2/3
CPU interface for communicating with the layer 2/3 CPU in the modem host.

34. The IC of claim 21 wherein the modem host comprises a means for
powering-down the HSDPA co-processor or placing the co-processor in a low-

power standby mode when HSDPA processing is not required.
35. Anintegrated circuit (IC) for enhancing the capabilities of a modem

host in a wireless transmit/receive unit (WTRU), the IC comprising:

(a) a receiver subsystem,;
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34. The I C of claim 21 wherein the nodem host
conprises a neans for powering-down the HSDPA

W@ eop/Hzessor or placing the co-processor in aPCDURINED25540
st andby node when HSDPA processing is not required.

35. Qﬁ%%ﬂ%@ﬂoﬁ% gﬁﬂteﬁ &R ﬁl@ﬁl«)ﬁﬁﬂf‘é&hﬁﬂmﬁ&%@ﬂ with the

capab|I|t|eso em host I1n a wrel ess
terainansti/syeeai,ve unit (WIRU), the IC conprising: (a) a

recei subs a shared. meno blter

ool ST G Baarh A R S B & L PR BB R nd
(€) ad)d eastved @ﬁbﬁ@h@&ﬁ@@@pméa@mmmitmh@ RO/ Mk dinditye
nodem host; and (d) a receiver subframer in

comuni cation with the SMA nenory. 36. The IC of claim

35 whgr ei 'T‘ Lhe dr %%R%C@#%?ﬂ %ﬁ@%cb%& 'égﬁs%rstéxﬁllﬁclﬁdes

root-ralse cosi ne a normalized
| eastahearoos-qaized c@MWRCLﬁlte:ecel ver for receiving

e oD oyl esshaeahn SRRV MO A A Irecs e o
ﬁbs@%l)@&ad@ét&@@%l@h@oh@ﬂﬁ RRC filte#4) a chip |evel

equal |ze1£ost processor (CLEPP) in comuunication wt

the KedBndIEDFdcdsspesadsnin ¢qmpmpsispiion suth aneaput el \H-’MS

h d shared control channel (HS-SCCH) decoder in
@Lﬂﬁﬁeﬁfegrfl on wth the HSDPA despreader and the CLEPP;

and ((86)a ¢hipbarebedualiral pbst prmnﬁssx&t(ﬁ?LEml) cantrivmtadion with
i.n _Cco jcatiqn w eader for

ied R Gt BapectiptrdiooisDER drsrhotisn nost . 37, The
| C ofa8) & Midk §15Heﬂh Sha@@NBAnhigbINGhahfd] AHSBECHYVacoddr in
comuni cation with the SMAmenory. 38. The IC of cI ai m

@snmhuicetion vrith the BSPRA d%ﬁpﬁ%ieémndrt@e

; S?t (%@Ie:«? S.ﬂ%léneﬁ #ﬁ%%lggﬁ%lf%t;& Ir)aet{sﬁ%leat?bﬁﬁbﬁnﬁﬁ%%%#ﬁh with

the HSDPA despreader for providing CQI information to the modem host.

37. TheIC of claim 36 further comprising:

(e) a data mover in communication with the SMA memory.

38. The IC of claim 35 wherein the receiver subsystem includes:

(al) a root-raised cosine (RRC) filter;

(a2) é. Rake receiver for receiving in-phase (I)/quadrature (Q) samples from
the RRC filter;

(a3) an HSDPA despreader in communication with an output of the Rake
receiver;

(ad) a chip level equalizer post processor (CLEPP) in communication with
the Rake receiver and the HSDPA despreader;

(a5) a high speed shared control channel (HS-SCCH) decoder in
communication with the HSDPA despreader and the CLEPP; and
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the RRC filter; (a3) an HSDPA despreader in
comruni cation with an output of the Rake receiver;

w@ a00p/02028hi p | evel equalizer post processor (CREPBY2005025540
communi cation with the Rake receiver and the HSDPA

‘(j espr Eé%_l)}j& Ehaiifd )qu%h% atpisperdehaleichaen hi SdmehaRd@lon with

decoder in communication with the HSDPA
MSEEMesamd@h EorquepRing Al dbformatinaiaéhe guagdein ost.
indicator (CQ) estimator in comunication wth the
HSDPA despreader for providing CQ information to the
rmderagwostrhea@oﬁ!@nigsﬁirtnéladom;av&lﬁgtrt her conpri sing:
(e) a data nover jin conmunicatiqQ t he SMA nenory.
40. AP ¢ Aelegiayedincsorugppicetiey v IgRemeyy-a modem
host whi ch operates in accordance with third
generation partnership project (3GPP) Release 4 (R4)
st andéx dsAnaim!(degI‘gﬁe@cimlgfh(ISbe@npd@iJmt i nk packet access

gradi ng
Commifi BT CANT L oBelegp Phadh-pEyl Wit gepecation
pRehakh pﬂu@@ Q@GBBNR@leWsé h (R%t&dim?a@d (R5)
st andar s. .41. A high speed downlink pac access
B) achigh swesd glovimiimle pRgkR ﬁ@wﬁ%é crEreassy for

%@?{Q ﬁ%%ﬁg%si clifnb il BSsidd @éb%%iﬁtéése&%\éqw&& that the IC

CO- processor “conprising: (a)
omratsiin ededrdaste withr8RR)Heleesd NRD)stehdgrdsevel
equal i zer (CLE) receiver for receiving in-phase
(I)/quadrature (Q sanples; (b) an HSDPA despreader in

commupy, catal Bigli/\fsﬁébda&o@ﬂhﬁ]@ tpadket! At WBSDPR) r@@qgovakor for
(c) a chip level equalizer post processor (CLEPP} in

ingthe wpahilitiestle MpdBndost 1ee STitRlpssAwamymE reesppaunit
ﬁﬁ@g@%%r%%%%%}e%_ﬁﬁg&sap &ﬁﬂpﬁé}ﬁg? d control channel

(a) a normalized least mean square (NLMS) chip level equalizer (CLE)
receiver for receiving in-phase (I)/quadrature (Q) samples;

(b) an HSDPA despreader in communication with an output of the NLMS
CLE receiver;

(¢) a chip level equalizer post processor (CLEPP) in communication with
the NLMS CLE receiver and the HSDPA despreader;

(d) a high speed shared control channel (HS-SCCH) decoder in
communication with the HSDPA despreader and the CLEPP; and

(e) a channel quality indicator (CQI) estimator in communication with the

HSDPA despreader for providing CQI information to the modem host.

42. A high speed downlink packet access (HSDPA) co-processor for
enhancing the capabilities of a modem host in a wireless transmit/receive unit
(WTRU), the HSDPA co-processor comprising:

(a) a Rake receiver for receiving in-phase (I)/quadrature (Q) samples;
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comuni cation with the HSDPA despreader and the CLEPP;
and (e) a channel quality indicator (CQ) estimator in

w@eornromi2eat i on with the HSDPA despreader for pPOWUS:008025540
CQ information to the nodem host. 42. A high speed

downl i,nky RAGHLL @%%fe%ﬁef SRR ub PR AGHER O Ju@%ut of the Rake

enhancing the capabilities of a nodem host in
wicewkgss transmt/receive unit (WRU), the HSDPA

CO- processor; ¢ rising: (a) a Ra r i.ver for . .. .
o O RERE AR R sk Bl ool (L P AT Plomhfiyoagipn with
iR caspiended tha HEDPAdegathds; W t h an out put of

t he ge (c¢) .a chip level equalizer pqst_processor

(CLERP) # nhigbmReee athagrd wratirelpeheanal (HoeiWe) afepoder in
HREE ; ; L 8h SRES d trol

%:égg%nel a(eiﬁ%%%%g—bﬁg gré&(%}é e%ie%rf E%%A}mmm c%t(?]gﬁp% %Ig&tn h[eo

HSDPAe besimmaat gualitydndive tc€l( EQP) estimsbtoein enainanivaktion with the

jty indicator (CQL. iator .in cC nicatio
BRIP4 He e R i it D P Rispisghh fogieagodeit bRt
information to the nodem host. 43. An integrated
circuit (1C), for enhanci the capabilities of a nbodem

host 4 a%m@%&?%&%ﬁ@%e@w@ﬁe cewirbljfies pfrsmodem
T ST R e SR R e

r ecei(e) agrarmapized degst mepmsinmtre (WLMY) ddppéed eq@blizer (CLE)
hi gh d downl.i n acket acce HSDPA) despr eader
G ey g ieRe S AT S (A RPENS oL E

recei(yera High Sp&dldi BowaNak paklaki Z@esd AHISIW AL RsPleader in
(CLEPP) in communication with the NLMS CLE receiver
eoFmpRcatioppyitly an puseice! the MLMS Ki1dh regsinedt; shar ed

oo Gl BB 08 358 RSOHRL CERBTEN B Mhion winn
teaVihBIS GLEIetaivemnaid theoFISDBA Jespstddemf or in
G of rRonete olBrtd S haane ARSI cgater in
Sonfubhicatibfekwitlo theE ABBTA BesprBfls aRAheIGTEPPOng Modem

(e) a channel quality indicator (CQI) estimator in communication with the

HSDPA despreader for providing CQI information to the modem host.

44.  Anintegrated circuit (IC) for enhancing the capabilities of a modem
host in a wireless transmit/receive unit (WTRU), the IC comprising:

(a) a Rake receiver for receiving in-phase (I)/quadrature (@) samples;

(b) a high speed downlink packet access (HSDPA) despreader in
communication with an output of the Rake receiver;

(c) a chip level equalizer post processor (CLEPP) in communication with
the Rake receiver and the HSDPA despreader;

(d) a high speed shared control channel (HS-SCCH) decoder in
communication with the HSDPA despreader and the CLEPP; and
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host in a wireless transmt/receive unit (WIRU), the
| C conprising: (a) a Rake receiver for receiving

w0 peoploae3 (1 )/ quadrature (Q sanples; (b) a hiptI/Ep®e025540
downl i nk packet access (HSDPA) despreader in
conmmyil) % al 1 gﬁ&?wqg.dﬁg{&lﬂ&@@ f e&%&@%&%ﬁh&%ﬁbn gf\ﬁ%h the
a chip level edualizer post processor In
BoRm degireatendbt pravinRAKel indoeiatem @nithe toed HSDBA.
despreader; (d) a high speed shared control channel
(HS- SCCH) decoder in comunication with the HSDPA
despreader and the CLEPP; and(e)a channel quality
indicator (CQ)estimator in comunication with the
HSDPA despreader for providing CQ information to the
nodem host .
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