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Description of the Related Art:

Wireless communications systems are employed in a variety of demanding

15  applications including urban mobile telephone and business applications. Such:
applications require reliable communications systems that can efficiently
accommodate increased demand while minimizing dropped calls.

A wireless communications system, such as a Code Division Multiple Access
system (CDMA), typically includes a plurality of mobile stations (e.g. cellular

20 telephones or wireless phones) in communication with one or more base stations or
Base Station Transceiver Subsystems (BTS), also called cell sites.  The
communications link from a BTS to a mobile station is known as the forward link.
The communications link from the mobile station to the BTS is known as the reverse
link.

25 A base station or BTS facilitates call routing among mobile stations and
between mobile stations and other communications devices that are connected to the
Public Switched Telephone Network (PSTN), also called the landline network.

CDMA communications systems are often built in accordance with the IS-95
telecommunications industry standard. In IS-95 systems, data is transmitted between

30 a BTS and a mobile station in 20 millisecond frames. The frames are encoded



digitally for channel noise, capacity, and data security reasons. A

convol utional encoder often facilitates the encoding of the information
wi thin eawbokinerme4 To increase the reliability and capaci PgTAfSOLDIBY
comuni cati ons systens, newer CDVA systens, called 3x CDVA systens are
enpl oyed. 3x CDVA systens 5 are either 3x Direct-Spread (3x DS) or 3x
Multi-Carrier (3x MC) systenms. A 3x DS sf{stemis simlar to an |1S-95 system
but transmts at three tines the 1S-95 chip rate (3 x 1.2288 Mhips/s). A
3x MC signal _is a 3x bandwi dth signal having three carrier signals with
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The filter should also 20 accompdate the effects of base station

pr e- equal i zdeftorentem, andgighéeastionsd signal. Unfortunately, before the present

invention, alo filter.that .suffigie perf.or unct i gns was
not availabl e. mEggeg[\fs)fengtre}n(%Wsﬁlaogs i 1% e3cs §%M%e?y%?mgggﬁ/@§§&c%n%3%s te for
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fromthe 3x bandw dth filter, nor 25 closely match the base station's
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3x bandwi dth CDMA signal that mnimzes inter-carrier interference,
15  associated l\gobile Station Modem (MSMS]. To demodulate the received 3x MC

signal, the MSM requires that the 3x MC filter be lowpass filtered. The lowpass filter
must maximize the Signal-to-Noise Ratio (SNR) by extracting each carrier signal
from the received 3x bandwidth signal with small inter-carrier interference and by
closely matching base station pulse shaping effects. The filter should also
20 accommodate the effects of base station pre-equalization on the received signal.
Unfortunately, before the present invention, a lowpass filter that sufficiently performs
these functions was not available.
Existing low-pass filters neither effectively compensate for base station pre-
equalization filtering, nor extract each carrier signal from the 3x bandwidth filter, nor
25 closely match the base station's pulse shaping. Consequently, existing filters may
result in undesirably large inter-carrier interference and may fail to minimize overall
phase nonlinearly of the received signal, which degrades signal quality.
Hence, a need exists in the art for an efficient filter for demodulating a

received 3x bandwidth CDMA signal that minimizes inter-carrier interference,
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pre-equalization filtering, and that closely matches the base station's
pul se shaworg/o6dE1ESUMVARY OF THE | NVENTI ON The need i n t hePamtusoyo@edr essed
by the nulti-carrier filter for a wirel ess communications system enpl oyi ng
a nmulti-carrier signal of the present invention. In the illustrative
enbodi nent, the inventive filter is adapBed for use with a nulti-carrier 10
wirel ess CDVA system and includes a first nechanismfor receiving the
multi-carrier signal and extracting constituent carrier siqnal conmponent s
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conponent s . ulated and filtered multi-bandw dth signal
in response %r&g%%%ﬁ"}llgea&ﬁgﬁg' speci fic enbodi ment, the first mechani sm

includes a rotator. The 15 nmulti-carrier signal is a 3x bandw dth
mul ti-carrier signal having three carrier conponents. The three carrier
conponents include a center carrier, a left carrier, and a right carrier.

The cent gr carrier, the |eft§%ﬂﬂ\”ﬂAﬂY(ﬁ"ﬁmg@IW”i er are separated

by approximately 1.25 MHz. e rotator 1s a |l ookup table rotator that
includes a nechanismfor selectively rotating the nulti-carrier-signal
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In a more specific embodiment, the first mechanism includes a rotator. The
15 multi-carrier signal is a 3x bandwidth multi-carrier signal having three carrier
components. The three carrier components include a center carrier, a left carrier, and
aright carrier. The center carrier, the left carrier, and the right carrier are separated by
approximately 1.25 MHz. The rotator is a lookup table rotator that includes a
mechanism for selectively rotating the multi-carrier-signal clockwise or counter
20 clockwise and outputting the left carrier or the right carrier, respectively, in response
thereto.
In the illustrative embodiment, the second mechanism includes an Infinite
Impulse Response (IIR) filter for matching base station pulse shaping associated with
the multi-carrier signal. The second mechanism further includes a mechanism for
25  compensating for pre-equalization effects on the multi-carrier signal to minimize
phase non-linearity. The IIR filter is a 5™ order elliptic IR filter, which is employed
as a 1x lowpass filter for lowpass ﬁltering‘the individual carrier signal components.
The carrier signal components include three data streams separated in frequency.

The IIR filter has a cascade direct form II filter structure and is characterized

30 by the following transfer function:
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and P2 are 5 predeterm ned constants, and z is a conplex variable. In the
speci fic enbodi nent, aoo = 222/512, a0l= -895/512, a02 = 414/512, al

-445/ 512, a2l1= -921/512, a22 = 476/512, Ao = 7/64, ,801= -3/64, fil2 =
7/64, fio 4/64, 111 = 4/64, fl120 = 88/64, #21 =-104/64, and P22 = 88/ 64.
The values of the a and ,Q coefficients are selected to avoid overfl ow at
nodes of the IR filter. The a and ,13 10 coefficients are inplenmented via
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design of the present inv

whi ch includes unique IR filters that help mnimze inter-carrier
interference, conpensate for base station pre-equalization filtering and
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10 coefficients are implemented via shifting-and-adding-type multipliers, which scale

signal values at the nodes of the IIR filter in accordance with the L-infinity norm.

The novel design of the present invention is facilitated by the second
mechanism, which includes unique IIR filters that help minimize inter-carrier
interference, compensate for base station pre-equalization filtering and pulse shaping,

15 and achieves an excellent Signal-to-Noise (SNR) ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a block diagram of an exemplary wireless communications system
constructed in accordance with the teachings of the present invention.
Fig. 2 is a diagram of the wireless communications system receiver of Fig. 1.
Fig. 3 is a more detailed diagram of the unique 3x MC filter of Fig. 2.
Fig. 4 is a more detailed diagram of the 1x lowpass filter of Fig. 3.
25 Fig. 5 is a more detailed diagram of the elliptic Infinite Impulse Response
(IIR) filter of Fig. 4.
Fig. 6 is a diagram of a multiplier for implementing the coefficient multipliers

of Fig. 5.



DESCRI PTI ON OF THE | NVENTI ON Wil e the present invention is described

herein with reference to illustrative 5 enbodinents for particular
appl i cat iwo2/06t116houl d be understood that the invention PET/Us02/0008M t ed
thereto. Those having ordinary skill in the art and access to the teachi ngs

provi ded herein will recognize additional nodifications, applications, and
enbodi nents within the scope thereof and5Sadditional fields in which the
present invention would be of significant utility. 10 Fig. | is a block
di agram of an exenplary w rel ess comuni cati ons system 10 constructed in
accordance with the teachings of t he present invention. The system 10

i ncludes a nobile switchin qﬂﬁ R FAIgNse station
controller (BSC) 14. A pub |c smntc telep one netmork (PSTN) 16 routes
calls fromtel ephone Iines and other networks and connunlcatlons devi ces
(not shown) to angd fromthe VMGC 15 12. The 12 ro caIIs rom.t he
PSTN 16 to and fptg( Ig the P%eﬁefét?,vei’éloﬂd%idﬁi?ﬂé%s ﬁsz rey wibgelreads dsRiver 20
and a sefsonden@Jogn%_gmwﬂ é‘ﬂn&ﬂgfxag?h@atﬁ%‘q{ bifRid eeutaéréteéd thef the iRGentibh §§  BTS
18 is associate th Irst The second IS assocl ated
with a secombtdilited2Beretbh elleFShavitg ordinhr 2kidlrie tiod meanc]; a¢deeﬂtocib¢ keachings
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the te
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22. The firsdmBbitndfts WitKiBGhs sedpd thebddf andORidiforal Held@Nin3dhivht dRk g)résféﬁt first
cell 22 via a first communications |ink 28. The nobile station is a

Wi rel ess trdnsesionayould e pf ggnificaituglivs s phone whi ch includes a uni que 3x

MC recei Yer 40 ¢ truct 0 n tea t
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station 34 and a reverse link 32 fromthe nobile station 34 to the BTS 18.
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and other networks and communications devices (not shown) to and from the MSC

15 12. The MSC 12 routes calls from the PSTN 16 to and from a first BTS 18 having a
1x pre-equalization filter 20 and a second BTS 22 having a 3x pre-equalization filter
24. The first BTS 18 is associated with a first cell 22. The second BTS 22 is
associated with a second cell 26. The BTS's 18 and 22 are often called cell

controllers. In the present discussion, the terms base station and BTS are used
20  interchangeably.

The MSC 12 routes calls between the BTS's 18 and 22. The first BTS 18
directs calls to a mobile station 34 within the first cell 22 via a first communications
link 28. The mobile station 34 is a wireless transceiver, such as a wireless phone,
which includes a unique 3x MC receiver 40 constructed in accordance with the

25 teachings of the present invention as discussed more fully below.

The communications link 28 is a two-way link having a forward link 30 from
the BTS 18 to the mobile station 34 and a reverse link 32 from the mobile station 34
to the BTS 18. Typically, when the BTS 18 has established voice communications

with the mobile station 34, the link 28 is characterized as a traffic channel. While



only two BTS' s 18 and 22 are shown in Fig. 1, nore BTS s or fewer BTS s may
be enployed wthout departing fromthe scope of the present invention.
When t he wolmioenis4 ati on 34 noves fromthe first cell 22 t@®crhsoyemsnd cel |
26, the nobile station 34 is handed off to the second BTS 22 via hard
handof f or soft 5 handoff. Soft handoff is often triggered in an overlap
region 38. After the nobile station 34 has crossed into the second cell 26,
it may drop the first communications |ink 28. Wen the nobile station 34

moves fromthe first cell 22 to the second cell 26, the link 28 to the
Sour ce BTS 9B WSS HRPAARAOMAIR 116 1. ameisRRYS G THVErETSY Brgde BTS

22. 10 The fehﬁﬁﬁe%ﬁh@;ﬁt éle;gﬁgﬁg%&ﬁqeﬁlﬁpé iﬁ%}% EfHQ%MﬁveTn 1x

. : h§n.
pre-equalizatio ilter a pulse s g filter (not shown). The Ix
pr e- equal i zat i on Whdnt the nRbile atatiom3d dadves froos thedirbtarlli 22etogh¢ secahd adll 7,

fil i bi |l e i . h il i d i | S- 95A
tel econmuni D SRAS A0S Ay SRIRIED thaccnnd P 2 Vi Prdch ol e SR, ' 1 x
bandwi dt b shandr. ossft_ﬂaﬁé*off@g&ﬁé@tﬁ%'ge&d%%-arfodalapq ¥hash REANBE mdbile

enpl oys a single carrier signal contined to a predeternined frequency band.
I n the presétatiorédhas srosseshineul theesscond ¢rdl edbmdy BT B fishmeminoaicetsonsi t h

the nobil e st at,,o 4 yia 3 or DS (Direct Sequen i gnal

br oadcast - oJBk 25 nhi ehaptt Halin 2 avst RREE e i SHLERl BrERSRaRl  he
nobi | e st at ReNthdfink P8&o tLsunet BFS 183s ﬂﬁ)ép&pﬁﬁcﬁﬁ few Nink400S féiedsith the
Sequence) node or 3x MC node. In 3x 20 DS node, the second BTS 22 enpl oys

the 3x DS pfageddia 2Z2ation filter 24 before transmtting 3x DS signals. In
3x MC e, the : ( L1 [ filter. (not
shouny | 12 i 1 ar SRCURG TiS peds ERSREEES dhe BriloB R ARk AR e "S,
pre-equal i zaoi ard &i pile¢ shdpihgffilted (noanboivh).i NThS X1 xMprese@ndikaionofilteie 200bi | e
station 34. Those skilled |n the art will _appreciate that the second BTS 22
may 25 trandfROmmeratss qost-¢hirdive any-aliasing fifjersp daotulel spatians (pshowahbbwit ng

Lo SRl B e oo kARl KehseSiutpe o
Consequent | ¥8 brdadcBxs MX bachvidédrsigl overpbafatves] lindk 32. XA lxrtendwidsh sizadli on
and 3x pr e Rt A el caiek ehal Contiiel 108 pradbtenmied Fequiry band" ¢ "
In the present exemplary embodiment, the second BTS 22 communicates with
the mobile station 34 via 3x MC or 3x DS (Direct Sequence) signals broadcast over
the new forward link 40 between the second BTS 22 and the mobile station 34. The
second BTS 22 may operate in 3x DS (Direct Sequence) mode or 3x MC mode. In 3x
20 DS mode, the second BTS 22 employs the 3x DS pre-equalization filter 24 before
transmitting 3x DS signals. In 3x MC mode, the second BTS 22 employs a 1x pre-
equalization filter (not shown), similar to the 1x pre-equalization filter 20, instead of
the 3x pre-equalization filter 24 before transmitting 3x MC signals to the mobile
station 34. Those skilled in the art will appreciate that the second BTS 22 may
25 transmit in 3x DS mode only or 3x MC mode only, without departing from the scope
of the present invention.
Anti-aliasing filters of the 3x MC receiver 36 of the mobile station 38 do not
require pre-equalization. Consequently, the 3x MC receiver 36 compensates for 1x

pre-equalization and 3x pre-equalization and pulse shaping effects associated with



WO 02/ 060114 PCT/ US02/ 00089 7 received nulti-carrier signals. Conpensating
for these pre-equalization effects helps to mnimze phase non-linearity
of a recewoad/opilidi-carrier signal. The front end of the PEFAiSVB00086

sel ectively conpensates for 3x pre- equalization as needed, via Mbile
Anal og Receive Section (MARS) circuitry (which 5 may be ordered from

Qual comm I ncorporated). A special 3x MCTilter enployed by the 3x MC

recei ver 36 conpensates for 1x pre-equalization, as discussed nore fully

bel ow. To conpensate for pre-equalization, effects added to the transmtted
signal by pesivet JalHiLaties signals drampansatingfor these pre-equadizgtpngitecthelps e

renmoved by 3% . | ; / [ . receiver 36 of the
nobi | e st at }t%ﬁn%éu%{%hg%ﬁg a%{géar@g? E}%@Qg‘éﬁ@%@g%ﬁ%?g@l s, 3x DS signals,
and 3x MC si gnal §her fiostrieht eof hiye trbeeivedrr 36 BEStitdly ocompdBasecfondBBHre22. A

special 3x MCfjlter included in the 3x MC receiver 36 facilitates the
acconmodat i GHU%‘IZa@%%n@@fgé'I‘%Mogged’f"é‘lﬂgs%@ﬁ“’ﬁﬁeéu?‘&KW%ICH\‘RWUM(@@C@ is a
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vari ous conmpeng&nMC renetter 36 campendaiesrfer dn grepeymiizatigmpbs decusaedmond ffllyd f r om

Fig. 2, however .one skilled in the art w acgess to the present

t eachi ngs V\/lwlg]lowk %q,m%qnéategglrcpr.ﬁ-gwl@lgap%!eb%@ﬁqlaggqutoa{gﬁ fr_la?%‘ﬁgiﬁ ?l_émlibé’i te
conponent s. ﬁkdneqdaﬁz@_fo%smém,smal dsi the SRQEDOBRY, 24, NBe 18061 LHy T BR Mdapt ed
for use with a "~ 20 wirel ess phone transceiver (See 34 of Fig. 1.) and a

cor r espondi mfFelsH30.Di vi sion Ml tiple Access wirel ess communi cati ons system

(See 10 .of Fig. The .t iver 5 i clud[%a fr end 52 t hat

Cormunt dit es. v « ik vpieE ok S i ver S RO At ™8 seePlamedall Bitbn s oo
the 3x MC f bhiidrididsigis, GRS EileAals | dBxMUIIT dignadé BbnDRLBEMe HMBrST8. An
out put of the MSM 56 is connected to a baseband processor 58. 25 The front

end 52 i ncl QE&E ®RoRGBIMA2-6@ Freciad dMiCclteoinclyded, im thRadx §1C reesijge Ry t o
I di - 10~ i i 62. t RF-to- I F
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circuit 62 is input to al 0og Recki ve Section style I F-to-
Fig. 2 is a diagram of a wireless communications system receiver 50

15  constructed in accordance with the teachings of the present invention. For clarity,
various components, such as amplifiers and power supplies, are omitted from Fig. 2,
however one skilled in the art with access to the present teachings will know where
and how to implement the additional requisite components.

In the present specific embodiment, the receiver 50 is adapted for use with a

20  wireless phone transceiver (See 34 of Fig. 1.) and a corresponding Code Division
Multiple Access wireless communications system (See 10 of Fig. 1.). The receiver 50
includes a front end 52 that communicates with a unique 3x Multi-Carrier (3x MC)
filter 54. Outputs of the 3x MC filter 54 are connected to a Mobile Station Modem
(MSM) 56. An output of the MSM 56 is connected to a baseband processor 58.

25 The front end 52 includes an antenna 60 in communication with a Radio
Frequency to Intermediate Frequency (RF-to-IF) circuit 62. An output of the RF-to-
IF circuit 62 is input to a Mobile Analog Receive Section (MARS) style IF-to-
baseband circuit 64. An output of the MARS IF-to-baseband circuit 64 is input to a
demultiplexer (DEMUX) 66. A controller 68 provides control input to the DEMUX

30 66 and to a phase accumulator 70 of the 3x MC filter 54.



baseband circuit 64. An output of the MARS | F-to-baseband circuit 64 is
input to a denultiplexer (DEMJX) 66. A controller 68 provides control

i nput to whebDEMUKX 30 66 and to a phase accunul ator 70 ofPCrhsoBao0RL filter
54. WD 02/060114 PCT/ US02/00089 8 A first output of the DEMJX 66 is input
to an anti-aliasing and Anal og-to- Digital (A/D) converter circuit 84. An
out put of the anti-aliasing and A/D conv@rter circuit 84 is connected to a
first input of a rotator 72 and to an input of a first |owpass filter 76

of the 3x MC filter_54. A second_output of the DEMJR 66 isS i $Ut to a 3x 5
DS pre-equal i zati‘%rflréfoﬂ‘ﬁéﬂts‘éft'ihﬁrpmﬁiﬂﬁﬁ 1y innyt 19 BB 2pladagyeg apd omelogr- 52.

AD OULPUL Oy ghl (/) 08y Pfyr A KA UPRLGATRARS 3 Afpig B AT ok Rrbpput

to the anti-alfasin D converter
i ncl udes a odlmuk 8185 toateciedav ndes iapuEidl E’x‘Bta(c@ 72344 to Mrimpuc bbx Krss layymks ( 8

ti th hi. tat 10_72.
he phane sobnbuttuns 3s ME B 3E. 3 SPnd AL LRI R oy
control I ef 68g gﬁ%e Y hsssc A fon(@cuR Yl thd RcENEr f8AEEHRI527 2an Bifut

anti-aliasing A/'D converter circuit 84 receives a signal havin

| n- phase andofChadx &Spre- e(quahz@lon sopersat@npondritdsis inmitria the aDifdidsigGand from
the 3x DS pM%&al i zat orrpensatl on circuit 74, whichever output is
active. the rotator 72, which represents a cl ockw se

rotation of an I'mngqum ﬁﬂték 54 Gi@hdesi 5 clopRUIS At Pr&eds sl CHIPRR $9.8804 t er
80. A second output of the rotator 72, which represents a counter

cl ockw s er d’t’lﬁz{) @WbeSIgnhb(& tirpes the clijp, rate) icgﬂlalph%esaccumpmorﬂ& aadithe rafatbowpass

filter I h o]

fiter o8 i ehl Bheid el MPRSENED B flafinle EoRfiioMbu rREP 1R Lo
represent daéo@n@ném&pfrowﬁ&p@ AR Oh ﬁu@uﬁmhé frot@fdk 72 €The aﬁﬁ,ahamﬁ%

carrier (Bl), and a left carrier (B_1l), respectively. An output t he MsM

56 is input AD chevestes siraid S4preseives arsisel hmngﬁnﬁénaﬁomﬁb Quadiature k| Qki gnal
o 0cesel 1, g AWl 8 P B R S5 AL e S BBt
58. compensation circuit 74, whichever output is active.
15 A first output of the rotator 72, which represents a clockwise rotation of an
input I;p,Qin signal, is input to a second lowpass filter 80. A second output of the:
rotator 72, which represents a counter clockwise rotation of the input I;,Qi, signal, is:
input to a third lowpass filter 82. Outputs of the first lowpass filter 76, the second
lowpass filter 80, and the third lowpass filter 82 are input to the MSM 56 and
20 represent data streams corresponding to a center carrier (By), a right carrier (B;), and a
left carrier (B.;), respectively. An output of the MSM 56 is input to the baseband
processor 58, which performs additional signal processing to output voice or data
and/or interface with software, such as user interface and application software running
on the baseband processor 58.
25 In IS-95A/B CDMA telecommunications systems, a nonlinear pre-
equalization filter (See 20 and 24 of Fig. 1.) is employed in the base station (See 18
and 22 of Fig. 1.) to accommodate a relatively inexpensive analog anti-aliasing filter
in the wireless phone, i.e., mobile station. However, new anti-aliasing filters and

Analog-to-Digital Converters (ADC's) do not require base station pre-equalization



25 In 1 S-95A/B CDMVA tel ecommuni cations systens, a nonlinear pre-
equalization filter (See 20 and 24 of Fig. 1.) is enployed in the base
station (SeaA&1iand 22 of Fig. 1.) to acconmopbdate a rel aPCraisg2/mexpensi ve
anal og anti-aliasing filter in the wireless phone, i.e., nobile station.
However, new anti-aliasing filters and Analog-to-Di gital Converters
(ADC s) do not require base station pre-8qualization WO 02/060114
PCT/ US02/ 00089 9 filter. Consequently, newer 3x MC nobile stations nust
undo base station _pr e-aqe%(uyal i zation for signals received fromolder IS 95

1y

base stat i orfdter| nCepea n neyeRadi MOFmabie rtafioprmpuss e e statiop spre-
received by eﬁlﬂ@gﬁﬂgﬁ?&% O reddiCed £GfIYRE 19%5 MseSlgial. has been transmitted
froma trans er at a base station or other i1nirastructure (See 18 and
22 of Fig. 1.). IInopbetipnesRatdioFpepehdyc(Rifi3adviCrignal Batai edbyahs anesnon

fromthe base station, Si | . representing a.single data stream.s
encoded, int®k| ig‘%/é?ﬁew& é&@f‘gmﬂnéﬁ{l%bwew%u@%% drapsmigrL LR P25%Phase
Shift Keyi ngbée(t@ﬁ% o@afmﬁ{agtru&&% &k SRR 25FPIFi y gﬁpl e LRG0 specific

derul ti pl ex Into three separate data streans. stream
mul ti plied mdifent] bdferegrinsmesgicaniomn dlic Vesk statioh] psigiaMabhseatiolg p sanple a

hen i nput | TG0 TRAPLS FIEQG Dol B SEORBER (O AL CEM OO o an
| mpul s _SequBRSE.SHIMEREiAH IO $ilRs. { Mehe LRI ST OPEKC sjifindllard Qhéihe

chip energy (Eu). The three impul se_streans are ~then input to
filtering cideowltiplexadaintqthréeoseprisid data shiegmhgEagindasa etreann a¢ mpliiplied bysa

(Lo e BRI BT R AR B i g

pre-equal i zaki@hce.l BadhSofthe $)t6d @418 strédh@s arp ti@nafipiat! tb 2@l mio8uldeobdS which
pre-equalization. The outputs of the filtering circuits are then

mul tiplied [pneet epeh symbplapisearmh ito g frapulse SENEREE, (oneys dhe) arga cies the
oo LB R0 S B . S B i

wirel ess chaheelinadds &leohg ecitceitsn thathpeforni poulsedsimpirgdend) @edqualization
{ransr (e 9IGRE TP ST HIDE e B GHRABImIN oG if Bl GBS 3% DS

(3x Direct Spread) pre-equalization or 1x DS pre-equalization. In IS-95 systems, the

pre-equalization is 1xDS pre-equalization. The outputs of the filtering circuits are

then multiplied by carrier signals that differ in phase to yield a center carrier signal, a

right carrier signal, and a left carrier signal which are then added together and

20 transmitted over a wireless channel. The wireless channel adds a noise term, which

includes fading and inter-carrier interference, to the summed transmitted signal.

The summed transmitted signal is received by the antenna 60 of the receiver

front end 52 and transferred to the RF-to-IF circuit 62. The RF-to-IF circuit 62

converts the received RF signal to an Intermediate Frequency (IF) signal via

25 upconversion circuitry (not shown). The resulting IF signal is then converted to

baseband by the MARS IF-to-baseband circuit 64, which includes sampling and

downconversion circuitry (not shown). The IF-to-baseband circuit also includes

various filters and amplifiers, such as automatic gain control circuitry, to prepare the

signal for further processing, such as 3x DS pre-equalization compensation, anti-

30 aliasing and A/D conversion. In the preferred embodiment, the receiver front end 52



front end 52 and transferred to the RF-to-1F circuit 62. The RF-to-1F
circuit 62 converts the received RF signal to an Internedi ate Frequency
(1'F) sigmab ogioen12b upconversion circuitry (not shown). Thecrasaoinsy | F
signal is then converted to baseband by the MARS | F-to-baseband circuit
64, which includes sanpling and downconversion circuitry (not shown). The
| F-t o- baseband circuit also includes vatGous filters and anplifiers, such
as automatic gain control circuitry, to prepare the signal for further
processi ng, such as 3x DS pre-equalization conpensation, anti 30 aliasing

and A; D convERRlpEnMARS type Pphiteeture iorehe Bdt-ioelkt cirquied adethg dF-tp-baspbarchg 52
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RF-to-1F circul -to-b circuit p ensure that
the signal rgaed theshghtiothedM8M 8hina 60 mai ntains a |inear phase through to

the MSM 56. The controller 68 then deter es if. the receiver front. end 52
should be in a 5UHs q,%]g;ro}}@,rd&( C%i@’%&fé;}} geelxerdfient f9de 2 sheuiddbom 3y M

node) based i i i 14,14 i such
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DS) pre- equakcaiedd signal.t Kehe triaesnhittong base dtaBn, sush pd the DM 2008 Hase statiomde,

d the f 5 3x DS - lizatio i t
D e- equal | 2% GHHg chr e S P et Sered b DS GPiRreopnisaf Parfof b gt Hal o2
station, sughpfged HALL#EIR nRIdR! ARkBe FINPENS RidoEk the 3k DS {p_?é’-‘&jﬁalﬁatﬁ)n]\?iﬁ/c

signal or a 3x MC signal, where each carrier is pre-equalized by an
| S-95A/ B pr ¢hedudlS prateiqoalizatipn epmperisation ¢iecuitedei ver front end 52 is pl aced

in a second nod VWhen in_ the second npde, the,3x DS.pre-equghizatio
corrpensa]?)i on cir ?Bit]ile %ﬁnsr?lgl%ye%ag§§ga&‘ogi %{lcf’haé %ﬁl@fﬁ? g@“ﬁg}? }i@rpg%gﬁ% g

si gnal fromgHemagatikMd eign®Cr aHBONE sikhal/ Whére ¢ach &drgaak prd-Batalikayey been. 3x
DS pre-equalized are conpensated for 3x DS pre- equalization, while the |x

bandwi dt h pri&-2qyvBi prgeaulizatipr filigr, tensthg egesvea fionherd 52 snplasesineasererd 3x DS
 andw ot na0s WheE mbebeontishdte, B HOTPEREEERh BRberteBol Bienit T ace
stations 18 iabgpaged vin theXDENMUR 66 Mraspamsalts a signal from the controller 68. Hence,

15  received signals that have been 3x DS pre-equalized are compensated for 3x DS pre-
equalization, while the 1x bandwidth pre-equalized 1x and 3x MC signals are not
compensated for 3x DS pre-equalization. The 3x MC filter 54 compensates for any
IS-95 1x-bandwidth pre-equalization filtering employed by the transmitting base
stations 18 and 22 for 1x and 3x MC signals.

20 If the received signal has been 3x DS pre-equalized, then the controller 68
switches the front end 52 into 3x DS mode via the control signal to the DEMUX 66.

In the first mode, the signal output from the MARS IF-to-Baseband circuit 64 is
passed to the 3x DS pre-equalization compensation circuit 74 via a second output of
the DEMUX 66. The first output of the DEMUX 66, which is input to the anti-

25 aliésing and A/D converter circuit 84, is disabled. 3x DS pre-equalization
compensation circuit 74 compensates the received signal for 3x DS pre-equalization
by performing an inverse of the filtering process employed by the base station to 3x

DS pre-equalize the signal. The compensated signal is then output to the 3x DS pre-

equalization compensation circuit 74.



20 If the received signal has been 3x DS pre-equalized, then the controller
68 switches the front end 52 into 3x DS node via the control signal to the
DEMUX 66.wolm/osties first node, the signal output fromthe WERES02/00089
1F-to-Baseband circuit 64 is passed to the 3x DS pre-equalization
conpensation circuit 74 via a second output of the DEMJX 66. The first

out put of the DEMJUX 66, which is input tblthe anti 25 aliasing and A/D
converter circuit 84, is disabled. 3x DS pre-equalization conpensation
circuit 74 conpensates the received signal for 3x DS pre- equallzatlon by
perform ng an i nvérBereseivedsignpl hasinas e %&%P’@nﬁﬂuély@d Bentthe3p3Xepst at i on
to 3x DS pr | S ut to
the 3x DS pr oo Sntdfeafiof o TR SAAREH SHOont-giTey) Bubiciiomhe

PCT/ US02/ 000(&91trolllér 68 cnbigles el&eﬁvaobmplgrﬁl thh BEMAIX Hsemddistieptie- spoad i zed,
then the 3x DS pre- equalization conpensation rcuit 74 is bypassed. The
control si gntPEst ﬁmgﬁwtﬁ@ew A iUt g}thséxg?y%mee%q%éammcempemaae@ of

t he DEMUX 66.ah6 Ai sabl es the second output of the DEMJX 66, which is

i nput to the 3x D pre-equalization conmpensation 5 circuit 74. Those
skilled in the arTho/sbIsldlhmjmd(d at will bpprea acdi thiter dufifereme cweiver fribntontd may may

b | d f th 2 t hout ti f
Che sbope. of b6 HRIOREGatics afvBriEcENer 0T cBd Srdion Hee i ERRALE hbp o
Processor (BB&)prdsent fivedste bRSdetdntifisliif ol BasRPRIOK B og tFR6ERsIREBHA)OP-t0-

pre-equalization conpensation circuit 10 74 is not easily bypassed and 3x
DS pre- equal bagehand reixsoitpe saplayed, then dhe dxddS p@l—etqnahrﬁeuoﬁcﬂon'@dn@mem citheih not

required u nt|. in t node atlonfllter
ot S oty “BF RS Pl bydesedrmid SRS RrudiitinT ie B T BBt | not
shown) is lnﬁdrﬂﬁ'ﬁa@d b vheh 108 ¥eddred! ChMeRlehdRl inOfe ERENEOEAT DD previ t
74 to undue unnecessary 3x DS pre-equalization conpensation. 3xDS pre 15

equal i zat i one%h%?élﬁﬁaﬁl Fn(not showek sigkler ytovihaih employed dwi t}edtreisgwlémgl bas¢ r om
| S- 95A/ DS
an . : One(nﬁ{ Q{Qhe 6£ §]%ﬁldt%§ af’c{er ﬁ Bx ﬁsn%ret Q(ﬂ]%ih?ﬁﬁ)% 4y peg%og %H‘gélé

pre-equaliza resent speci Fid e the
enpl oys MARS/4 ypeundue unnecessary 3x DS pre-equalization compensation. 3xDS pre-

15  equalization compensation is unnecessary when the received signal is from an IS-
95A/B base station (See 18 of Fig. 1.) that does not employ 3x DS pre-equalization.

In the present specific embodiment, the front end 52 employs MARS-type
architecture, which accommodates selective bypassing of the pre-equalization
compensation circuit 74. Those skilled in the art will appreciate that the receiver front

20 end 52 may be replaced by a conventional MARS receiver front end that lacks the
DEMUX 66 and is pre-set to a certain mode without departing from the scope of the
present invention. Such a MARS receiver front end may be purchased from
Qualcomm Incorporated.

The individual carriers to be extracted by the 3x MC filter 54 are 1x

25  bandwidth signals and include a center carrier, a left carrier, and a right carrier. The
left carrier (B.1(n)) of the received 3x MC signal, which is a digital signal having I
and Q signal components, is rotated counterclockwise (by 1.25 MHz for USA-PCS
applications) and then filtered via the second 1x bandwidth lowpass filter 80.
Similarly, the right carrier (B;(n)) is demodulated by first rotating the received 3x

30 MC signal rotated clockwise (by 1.25 MHz for USA-PCS applications) and then



architecture, which accommbdat es sel ective bypassing of the
pre-equalization conpensation circuit 74. Those skilled in the art wll
appr eci atwotopasotthe recei ver front 20 end 52 nay be repl a®ed/usy2/60089
conventi onal MARS receiver front end that |acks the DEMJX 66 and is
pre-set to a certain node without departing fromthe scope of the present
i nvention. Such a MARS receiver front ent2 may be purchased from Qual comm
I ncorporated. The individual carriers to be extracted by the 3x MC filter
54 are I x 25 bandwi dth signals and include a center ceﬁrrler aleft

carrier, andiéeringghe retaied F’él“al vip ghe thigd dx dandwidih logpagsryijer §¢ {Tﬁt,@XFfé%téh"?/ed 3x
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s(n) = I(n) + jO(n) = B, (n) + B, (n)e’™"™ + B_, (n)e /™™ [1]

where n is an integer time variable which specifies a given position of a bit in a digital

20  sequence;

ay is the frequency spacing between carrier signals and is approximately 1.23 MHz,
1.25 MHz, or 1.225 MHz for USA Cell systems, USA-PCS systems, or Japan systems
respectively; T is the digital sampling period; I(n) is the in-phase signal component;
25  Q(n) is the quadrature signal component; By(n) is the digital signal associated with the

JjwonT, =

center carrier; B,(n)e is the digital signal associated with the right carrier; and
B_,(n)e '™ is the digital signal associated with the left carrier; and where noise

terms and other terms (such as those caused by pre-equalization effects) to be later

filtered are not specified.



15 filtering): s(n) =1 (n) +jQn) =Bo (n) + Bl (n)e'0,"T" +

B 1(n)e-"wo"T , [1l] where nis an integer tine variable which specifies a
gi ven poswvioonewfi4 a bit in a digital 20 sequence; ecb isPpchashremysency
spaci ng between carrier signals and is approximately 1.23 MHz, 1.25 Mz,
or 1.225 MHz for USA Cell systens, USA-PCS systens, or Japan systens
respectively; TS is the digital sanplinglderiod; I(n) is the in-phase
signal conponent; 25 Q(n) is the quadrature si gnal corrponent; Bo(n) is the

digital signal associated with the center carrier 0% )e' W'T is_ the
digital signal asS¥ciabMd f\)\ﬁef A4 eriagts Hgtthrescarmier Slgé‘ﬁl:? Bogry, Bu).end B[y t he
digital sig G ViCefiftePd i and
ot her terns sucﬁég(grh@tﬁos cag@egﬁb ?c{)t?mg 3Z(qual |1}zt%t| oﬁ%ﬁ?ggﬁg aﬁgsm%%ﬁt
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filter 54 extracts the three carrier sij nals é’? Bi(n), and Bl(nI)T from
the conpl ex &istlempassilfer; igouto exrachBi(B) h?t:slg‘ilqlts ﬁSH""P@@ﬁh“’KWISSrhﬂ @ls asi ng

i1 or od oy TReN]1cHEh S illadd by Iy LG R eler b1Fo BHORT - P theisfenal “E0)

is rotated cy@c &M&ﬁe@)boﬂﬂﬂiﬂél&:k&ﬁsb bemnrowhdshed ldwRisedilieyed be the clind!
| owpass filter 80. To extract B-1(n), the signal s(n) is rotated

count er cl ockiavpessijlterb¥2rT Cémwferptatmm@fsﬁuef signadrsea by arb isiagptvalonbipass
filter 82. C ockw se ratation_of t nal s(n) by ebnTTlse ent to
mul ti pl i cat iBHltBHCA ofithrsiEnapy e ™ *qug%Ef@t ERitplicien ?ﬁtbe é@yt he term

B1i(n)e' 0' nTs by 8- r. ylelds Sim I counterc W se rotation
of the conpoNertt ! OV“ﬁdi(lIﬁ;Q \)‘%qaﬂar)ly, fougiterc H‘E}%l"t’llsi'olrpt?&f’?o?foﬁl? gompgnenti o| ds
Bi(n). The tgz)on72 S Loqk, (LUT) rotator 70 that
rotates Lgut |Tlh eqmﬁuﬁgﬁagllogsé'nﬁ ; %(1:{%) by the angle 0 = (i nTs

and out IOUt S the spignaliatof ¢9iS8Wnk etﬂ?oksﬁﬁ%glel &V@?ﬁl%tzftbﬂ 7@ thad Qotads tRSPONSE
thereto. The rotator 70 also rotates the input Iin,Qn signal s(n)

count er cl ockinpstelit Qe dignahr(t)eclockwish by Tthandgleuy mesnTshmd d&tpstisgthalsignal
e, Qeew tq cvtv, ew ttoht ggeclo% c?v%igas]; If1|1ter $o 1?12relspr(])nge§a HRreto, eTﬁep reortae}or 70 also rotates
the input Iip,Qin signal s(n) counterclockwise the by angle ¢ = aynT; and outputs the

15 signal Loy, Qccw to the third lowpass filter 82 in response thereto.

In the present specific embodiment, the lowpass filters 76, 80, and 82 are 50
order elliptic Infinite Impulse Response (IIR) filters which help minimize inter-carrier
interference, compensate for IS-95A/B 1x bandwidth pre-equalization to minimize
overall phase non-linearity, and closely match the base station's (not shown) pulse

20 shaping to maximize Signal-to-Noise Ratio (SNR). The unique design of the filters
76, 80, and 82 is discussed more fully below.

The signals B,(n), Bi(n), and B.;(n) output from the first lowpass filter 76, the
second lowpass filter 80, and the third lowpass filter 82, respectively, represent three
data streams, which are input to the MSM 56. The MSM 56 performs further signal

25  processing in preparation for use by various software programs and/or hardware
algorithms running on the baseband processor 58 that facilitate voice or data output or
other wireless phone functions. For example, the MSM 56 may include circuitry for

complex Pseudo Noise (PN) despreading each carrier (Bo, Bi, B.1), Walsh code

multiplication, bit summation over a symbol period, decision logic, and one or more



In the present specific enbodinment, the |owass filters 76, 80, and 82 are
5th order elliptic Infinite Inpulse Response (HR) filters which help
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Signal -to-Noi se Ratio (SNR). The uni que dkesign of the filters 76, 80, and
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90 that rec einde;, bighal components from the anti- ahasmg and A/D converter circuit 84 of Fig.

15 2, a programmable phase input ¢ = A + N*90 (where N is an integer between 0 and 4
specified by bits 5 and 4 of the digital phase signal ¢) from the phase accumulator 70,
and a CHIPx8 clock signal from the clock 78. The LUT 90 outputs the absolute
values or magnitudes of first (Ir, Ig) and second (Q1, Qq) components of rotated I;, and
Qin corriponents, which are input to the LUT 90, to a sign determination circuit 92.

20 The sign determination circuit 92 determines signs to be associated with the
magnitudes output from the LUT 90 so that when selectively added by a subsequent
addition/subtraction circuit 94, they yield clockwise and counter clockwise rotated
versions of the Iip,Qi, signal input to the LUT 72. The resulting clockwise and
counterclockwise rotated signals, which have been rotated by the angle ¢ (as output

25  from the phase accumulator 70) and -¢, respectively, are input to the second lowpass
filter 80 and the third lowpass filter 82, respectively.

The unique lowpass filters 76, 80, and 82 help maximize SNR by matching
base station pulse shaping, compensating for 1x bandwidth pre-equalization, and

minimizing inter-carrier interference, as discussed more fully below. The filtered



and Q n signal conponents fromthe anti-aliasing and A/D converter circuit
84 of Fig. 15 2, a programmabl e phase input 0 = A + N*90 (where N is an

i nt eger bwpwew®1 and 4 specified by bits 5 and 4 of thePdirgisoabooghase
signal 0) fromthe phase accumul ator 70, and a CHI Px8 cl ock signal from
the clock 78. The LUT 90 outputs the absolute values or magnitudes of
first (li, 1Q and second (Ql, Q) conpolents of rotated lin and Qn
conponents, which are input to the LUT 90, to a sign determnation circuit
92. 20 The sign determ nation circujt_ 92 determ nes signs to he associated
with the ned@idsutfosBodt-purRutPH M RS 1QyPase s T S48 Ao R} P Phadded
by a subseq kil en/ subtraction circuit 94, they yield cl ockw se and
counter cl ogﬁf\?’mﬁ@%@gﬁ%gu versions of the lin,Qn signal input to the LUT
72. The resul ti ndl'ud plolseiasamaniator ¢0 gedezates a phasesaffseotimt esdussd hpyahe rotaoi ch

have been rot at by the _angle 0 (as output 25 fromth ase . acc | at or
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80, and 82 mexi m ze SNR by matching base station pul se shaping,
conpensat i ngs fcbosenxsobthadquadtihatipnesresy wedulltineg from, eaghddditiioniisriminingzed while

inter-carrier interferenc a i scussed nore,ful low. The filtered WO
02/ 060114 PCHIES By derodiafion @fe(%eBY?“%_’f){%B&SH} the, g rhePi i ass
filters 76, &fpodament82 are input to the MM56 of Fig. 2. The phase

accunul ator 70 generates a phase offset that is used by the rotator 72.
The rotator 72 i ricPusiiwstien dotils af uthatphage aceumilpter of0 7@ eppicatiakenecidics | xed

accum oy FonEveR0f A EHRALERE, bl i B ooty AR B Blosd 1°

addition is gEctnbiated70M heet At neddsed i pyeh hpptieatnaul Bi thenpresHne spavific
which is 10 HZ in the present specific  enbodi nent. Construction details of
the phase acdubadimers theophase acqygiulateg 7Qickysies iarpregrampeably ppcre segisier (gt ¢ he
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specific where L is the input frequency bit width. An output of the adder is an N-bit wide
15  signal that is input to a second register (not shown) that is clocked at CHIPx8 =
9.8304MHz. An output of the second register represents the output of the phase
accumulator 70 and is fed back to a second input of the adder. -
In the preferred embodiment, the output bit width N of the phase accumulator
70 satisfies the relation 360*2™ = 360*10*(CHIPx8)™), so that N = 20. Since the
20 maximum frequency offset is 210 = 1.25%10° for USA-PCS systems, the input
frequency bit width L = 17. Hence, to minimize quantization error, the output bit
width N the phase accumulator 70 is set to approximately 20, and the input frequency
bit width L is set to 17. The quantization error per addition should not exceed the
demodulation tolerance of 10 Hz.
25 The phase ¢ output by the phase accumulator 70 is programmable via input
from the controller 68 to the micro register (not shown) of the phase accumulator 70.
In the present specific embodiment, the phase ¢ is a six-bit digital that specifies angles
between 0° and 360° in steps (A's) of 360/2° = 5.625°. Bits 5 and 4 of ¢ specify one of
four quadrants (0°, 90°, 180°, 270°) between 0° and 360° and bits 3 through 0
30 represent one of 16 possible values within the quadrant specified by bits 5 and 4. The



enbodi nent, the phase accunul ator 70 includes a programrable mcro register
(not shown) that provides an L-bit wide signal to a first input of an
adder (nowoghovr)4 where L is the input frequency bit w ach/uséromss put of
the adder is an N-bit wide 15 signal that is input to a second register
(not shown) that is clocked at CH Px8 = 9.8304MHz. An output of the second
regi ster represents the output of the phase accurmulator 70 and is fed back
to a second input of the adder. In the preferred enbodi ment, the output bit
width N of the phase accunulator 70 satisfies the relation 360*2-N =

360* 10* ( CHI PpiBipe d)is bised bathaNwheR bits Sithwegh Bere 2€rontei pirasa ¢ isettq.lné&rarkqntw f set
is 2L* 10 = 1.2 106 f.or  USA-PCS s te equen th L
= 17. Hence, t}‘f’@ﬁ?ﬁerﬁpﬁ?@gd&&’u e P A8 gr%gﬁ /Eﬁéggﬁv EF%’T Bmmp %Elh"‘s‘i\lo he
phase accu 0. I I ot/ e cy
D1 i dt L8 S tfistibpielg b TOR OBt SRl 8002 %‘12% SR o 6 S0
exceed the @ioOydndalphase (btoﬂsamnseoﬁéspbﬂdsl-tzw 2510beophase 0 out put by the
phase accunul ator 70 is programmble via input fromthe controller 68 to

the mcrd registefhg thmsb?FﬁBlﬁh@S)@lﬁP‘{tﬁ‘éﬂkﬁia@@ Rosaywbe a»trmenm ComPhthﬁlén B¥ esent

speci fic enbodi ase .0 di g es_i@gngl es
botween 0 ant 300 Av Sp8n0ey 45 F s dpdplilatader’ o HESY b7

speci fy one Qfreshdk @uaeémgé réﬁuo@%f tiagqlec%qum,bet ygng 0 Elﬁlgrs?@&rmﬂd‘d
bits 3 through 0 30 represent one of 16 possible val'ues within the quadr ant
speci fi ed byspetifiss Shanwedl =4co§i|hejsm 0CH8qidnlyPCElddB025e00084 vetGopBispot) is

bi ased so thtg V\,Een b| 3 throygh 0 are zero, the phase 0 is equivalent to
the phase spB&ls @@’@ 38S5| us 5. 625/2 = 2.8125. For exanple, a

phase of;, 2. 8125 corres nds Ep@ (g phase of 92.8125
corresponds to 0 = (01 p%600§ andn aj g)ése o] 8111@8 4375 corresponds to O

(10 0001). 5 The lin,Qn signal= (@ogq)mpqtncdsg(pa.lpp +5(0;, 0030 FAYcoBE@OW) t t[eD i n
conplex formas li. + An. As is known in the art, nultiplication of a
conpl ex nunber by ejo correspcohlis Hi@sel ockwi se rot ation of the vector
(l'itn, Qn) by 0. Euler's formula specifies that e j~ = cos4) - jsin4d).

Consequently, a clockw se rotated version (Sc,) of
where L, is a first component of the clockwise rotated signal S¢y; Qcw is a second

15 component of the signal S.y; and the relation sin¢ = cos(90-¢) is employed.
A counterclockwise rotated version (Sccw) of the Ly, Qin signal S may be written
as:
Scew = & = (Iy + jQun)(cosd + jsing)
= (Iincosd - Qincos(90-9)) + j(Qincosd + Lipcos(90-¢)) [3]
20 4 = Leew + jQecw,

where Iy is a first component of the counterclockwise rotated signal S¢cy, and Qccyw is

a second component of the signal S¢cy,.
With reference to equation (2), I.,, may be written as Loy = Iy + Iewg, Where
25 Iewi = I1 = Icos9, and Iewg = Ig = Qincos(90-¢), and where Icyi and Iuq are first and
second components of Iy, respectively. Qcy may be written as Qe + Qcwg Where
Qcwi = Q1 = Qicosd and Qewg = -Qq = - Lincos(90-0), and where Qg1 and Qcwq are

first and second components of Q., respectively.



the Iin,Qn signal S may be witten as: 10 Scw = Se)' (l'in + jQ n)(cos4)
- jsin4)) _ (1inC084) + Qncos(90-4))) + j(Q ncos4) - lincos(90-4))) [2] =
kw +] Qcw, wohenertiew is a first conponent of the cl ockw sepcotsbpeoss gnal
Scw, w is a second 15 conponent of the signal Scw, and the relation sink
= ¢c0s(90-0) is enployed. A counterclockw se rotated version (Sccw) of the
lin,Qn signal S may be witten as: ~1 SGcw =Sd = (lin + jQn)(CC4) +

j sind)) (lincos4) - QnCOS(90-4))) + j(QnCOS4) + lincos(90-4))) [3] 20
= lccw + chcW where lcewis a first conponent of the counterclockw se
rotated signal ScSiEHar! !BCWW/‘ Fesfefeﬁces@c‘?ﬂ\‘étl%ﬁ%)oh@nmabfbet\?fétﬁﬂ ajr{aalw SkewiW t h

reference togequ 2.7 Lc e Wi tten wher e
25 lcwi = i S?ﬁm:egésl v Iﬁd I\I{V {)}%y nlle "2 3 cos 960 %‘W’ gm?f% 7 ke and
| OWQ are fir sie fifndand @@b@ﬂd cﬁﬁlﬁbﬁbﬂ@bﬁc&f rds%&%tw@l%ﬁ pﬁ&tmgby wr%‘ﬂl amcwl?q

witten as Qw + wher e coso and

li ncos(90- 4) Reovaritheip a1 ©EHi= Qm@ps@mdg(}if“e QQr:inncas(O@efanddvlmmﬁah memdsf of
Q respectiv 02/ 060114 PCT/ US02/ 9 17 Simlarly, with reference
to equatl én (ﬁﬁ a}@grs% AR SS58n¢\ PP O(%letw re‘SP?(if “+ lccwQ where | COM
= = 1,t,cos~ améntecWQ = -1Q = - QA ncos(90-0), V\/nere lcewl and kcwQ are
fi rst and second conponents of LC w, respectively. Qcew may be witten as

Qewl + QcwQ where QCOW = QL = Q ncbhs& lamdo,.QcOMQ = QQ = |, ncos(90-1),
and where cewl and 5 QcwQ

are firstnand se&ond conponent s of QCCWT4]
respectively. Hence, lcw =11 + 1Q QW"= 8!‘ Q [4] lcaw = 11-1Q
ICCW“II'IQ’
10 QccwzQI"'QQ-

Therefore, to obtain individual components of S¢y and Scew, I, I, Qr, and Qq
are selectively added or subtracted. This selective addition and/or subtraction is
implemented by the addition/subtraction circuit 94, as discussed more fully below.

15 The phase ¢ may be written as:

0= A + N*90° (51

where N is an integer in the set {0, 1, 2, 3} = {00, 01, 10, 11} that identifies first,
20  second, third, and fourth quadrants, respectively; 0°< A < 90° and is digitally
represented by four bits and represents one of sixteen equally spaced values between
0° and 90°.
The LUT 90 determines Iy, I, Qi, and Qq based on a table of stored values of
Lizcos(A + N*90°), Qincos(90- (A + N*90°), Qucos(A + N*90°), and Lycos(90-(A +
25 N*90%), where A is specified by bits three through zero (PHASE(3:0)) of the six-bit
phase output by the phase accumulator 70 to the LUT 90, and where N is specified by
bits 5 and 4 (PHASE(5:4)) of the output of the phase accumulator 70.
Due to the properties of the cosine function, cos(A + N*90°), cos(90- (A +
N#90°) are either +/- cos(A) or +/-cos(90-A) as indicated in Table 1 below. This



10 CCW=Q + QQ Therefore, to obtain individual conponents of Sew and
SCCW 11, I1Q Q, and QQ are selectively added or subtracted. This

sel ect i vewaddiosiien and/ or subtraction is inplenented by tPa&/US02/00089
addition/subtraction circuit 94, as discussed nore fully below. 15 The
phase O may be witten as: 4 =, & + N*90 [5] where Nis an integer in the
set { O, 1, 2, 31 _ { 00, 01, 10, 111 thas identifies first, 20 second,
third, and fourth quadrants, respectively; 00< 0 < 90 and is digitally
represented by four bits and represents one of sixteen equally spaced

val ues bet weeperiohelpgisigwlifyrthe LW 99owHishemby aredls (q storegnagyitudenzssoxinted s ed
on a table of.stor ﬂ val f I;,,cos(A + N90), Q ncos(90- (A + N*900)),
Q ncos(O + I\ngf?s(g SITQS@?)%?QO-(A + 25 N*900)), where A is specified by
bits three through zero (PHASE(3:0)) of the six-bit phase output by the
phase accunul ator 70 to the LUT 90, and where N is specified by bits 5 and
4 (PHASE(5:4)) of the output of the phd®bledccurmul ator 70. Due to the
propertiess of the cosine function, cos(A + N*90), cos(90- (A + N+90)) are
either +/- cos(A) or +/-cos(90-A) as indicated in Table 1 below This WO

02/ 060114 PCT/ US02/ 0Q#iale(5iB-ANOPaIdYA GaN-ARCS | NRs(90 (AQEN+9¢P))90, whi ch only
) |

needs to store nmagnitudes associlated with cos(A) or cos(90- Table 1 5
Phase(5:4)-)N Cos(A|+ NO9G} Ocos(|90- (odbds@éA)N*90)|) OQos(9-Aps(A)| cos(90-A) 01
- 1 -co0s(90-A) cos(A)—10-_2 -cos{A)—-c0s(90-A) 1143 cos(90- -c0s(90-A
Note that A and 90-A = AL 2de biftwi seost¥d)i mdnts. HOSED, LUT PO only

10> 2 -cos(A) -c0s(90-A)

11->3 cos(90-A) -c0s(90-A)

Note that A and 90°-A = A' are bitwise compliments. Hence, LUT 90 only

must store the sixteen values associated with cosA since cos(90-A) will represent a

10  value that is already stored. For example, if the first stored value of A is A = 2.8125°,
then 90°-A = 87.1875° represents the sixteenth value of A stored in the LUT 90.

Products between Ii; and cos(A) or cos(90-A) and between Qj, and cos(A) or

cos(90-A) may be performed via multipliers in the LUT 90. However, preferably
products are predetermined and quantized into a predetermined table of values.

15 When Ii; and Qy, are positive (0), the signs of associated with the cosine values

in Table 1 are determined by the sign determination circuit 92 in accordance with the

following table where + is represented by 0 and - is represented by 1:



must store the sixteen values associated wth cosA since cos(90-A) w |
represent a 10 value that is already stored. For exanple, if the first
stored vawo@oboiMis A = 2.8125, then 90-A = 87. 1875 repPE€TASNF0M0RE

si xteenth value of A stored in the LUT 90. Products between lin and cos(A)
or cos(90-A) and between Qn and cos(A) or cos(90-A) may be perforned via
multipliers in the LUT 90. However, pref#ably products are predeterm ned
and quantized into a predeterm ned table of values. 15 Wien Iin and Q are
positive (0), the signs of associated with the cosine values in Table 1
are determ ned by the sign determ nati dableiZ cuit 92 in accordance with the
followng table where + is represented by O and - is represented by 1. WO
02/ 060114 PCT/ US02/00089 19 Table 2 PHASE(5:4)-N Sign of: 11 Sign of: Q
Sign of: 1Q Si grPHASEREM4)ON | Gigrof:Ar+ Sien of: @t Sighbtilglt Sigeft Q|- 1= -
10-)2 1= - 1= - O=+1=_- 11413 Q=+ 1=1- 0=+ 0=+ 5 Note that-the-sign of II
i s PHASE(5) xor| PHASEYP, whichOis+thg sdhE+as |t hel =si gn|of &) thé sign of
Q is equal to PHASEQ%,I armd ‘L'nei Sigmjof 'g_l_i S ie Cverse of — PHABE(S),
i.e., Inv(PHASH(5)), ere xor is the|exclusivel OR operator. In the

foll ow ng Tabl g 3, t1be>2i gns|of tassocijat ed=w t h| t he=cosi he viatues i[n Table
1 are determined by the signldetermndtion circui-t—92 with referen¢e to a
sign 10 sel ect| si gA&I?Brom {he 0¥ 72 thla® speci fP&stthe i M Eital $ign of
lin and Q n. |n—thepresent—specirficenbodiment,—the—signm setect—si gnal
that specifies the sign of linor Qn is the nost significant bit (MSB) of
lin or Qn, respectively. Table 3 15 Select Signal: Sign of: Il Sign of:

Sign of: 1Q Sign of: PHASE( 5) . PHASE( 5
@ g 5 Q I%ote that tl%-‘)sign of I i(s SE(5) g(or) PHASE(4), which is the same as the

sign of Qg; the sign of Qy is equal to PHASE(S); and the sign of Ig is the inverse of
PHASE(5), i.e., Inv(PHASE(5)), where xor is the exclusive OR operator.

In the following Table 3, the signs of associated with the cosine values in

Table 1 are determined by the sign determination circuit 92 with reference to a sign

10  select signal from the LUT 72 that specifies the initial sign of Ii; and Q. In the

present specific embodiment, the sign select signal that specifies the sign of Ij; or Qi

is the most significant bit (MSB) of I, or Qjp, respectively.

Table 3
15

Select Signal: Sign of: Iy | Signof: Qr | Signof: I, [ Sign of: Qg

PHASE(S) PHASE(5)
PHASE(5:4), Xor PHASE(S) | Iin(PHASE(S)) Xor
MSB of L, PHASE(®4) Xor Xor PHASE4)
MSB of Q. Xor (MSB of Qi) (MSB of I,,) Xor
(MSB of I;,) (MSB of Qi)

The sign determination circuit 92 is a logic circuit that determines the signs of Ij, lo,

Qr, and Qg in accordance with Table 3. With access to the present teachings, one



PHASE( 5: 4), xor PHASE(5) lin(PHASE(5)) xor MSB of I;,,, PHASE(4) xor xor

PHASE(4) WMSB of Q Xor (MsB of Q,,) (MsB of I;,,) xor (MSB of Ii") (MSB
of Q,,) WOhe/nsilgh determ nation circuit 92 is a | ogic ci PCEUSOL/MNABI
determnes the signs of Il, 1Q @, and QQ in accordance with Table 3.

Wth access to the present teachings, one WO 02/060114 PCT/ US02/ 00089 20
skilled in the art may design a logic ci2®uit in accordance with Table 3

wi t hout undue experinmentation. Those skilled in the art will appreciate
that the rotator 72 may be replaced with ~a different type of rotataqr, such
as & Cordi o SRHEBENC G o) SIgB 34PEIF YO BhaqeArlagesopEh Tablsr3 WHBOW Uedent
invention. TheeShRadet erm nation circuit 92 receives the absolute val ues
of I'l, 1Q Q, and QQ fromthe LUT 90 along with a sign select signal and
out puts si gned valhoss skifled in the @t wil)l appeeciteQijai the ratsioo A3 endytberreplacedovitthe

addition/subtraction circuit 94. The absolute values of 1], 1Q ,and QQ
are: 10 |||%d&fC¥QT‘it R Tofafey such as;a Coyde Iptaiey; Wl‘:ﬁ@j‘tl &Paﬁt@ﬁﬁt&ﬂ}g TOp§ =
| Q nCOsA'sl  Jrand preB&kidwealion, The addition/subtraction circuit 94 includes a
first adder 96, a second adder 102, a first subtractor 98 and a second
subtractor 98. ThHEhe digns tetemaipati@ccircaaidi2ueseivds theaakbolu@ ssluengfili, 1§,rQuaide

sign determ nat.ion,ci Lt 92 an r.ovides .|, .as .ou t.to.th S d

| owpass fil t(g? h@ﬁl tihﬁirr"g@%‘%ﬁ%g MG S"‘%’fi%f‘?lsa{“dé’&ﬁ?‘fsa%%‘t?ﬂ ‘@glef 8§]§’iolgées | |
and 1Q 20 asQj, BRQfif %Rbm tidreto 6l eeqidaitivalsubiactioh citdit 92 and provides |ccw
= 1l-1Qas output to the third |lowass filter 82 in response thereto. The

second subt r act orTheosplatseyaliess obil, lo, Qi and Qq are:

10
|Li| = [GincosA|
[Tg| = [TincosA'| [6]
Q1 = |QiscosA
|Qql = |QincosA'|

15  respectively.

| The addition/subtraction circuit 94 includes a first adder 96, a second adder
102, a first subtractor 98 and a second subtractor 98. The first adder 96 réceives I
and Ig as input from the sign determination circuit 92 and provides I, as output to the
second lowpass filter 80 in response thereto. The first subtractor 98 receives I and I
20 as input from the sign determination circuit 92 and provides I..,, = Ii-Ig as output to
the third lowpass filter 82 in response thereto. The second subtractor 100 receives Q;
and Qq as input from the LUT 90 and provides Qcw = Qi - Qq as output to the second
lowpass filter 80 in response thereto. The second adder 102 receives Qg and Qq as
input and provides Qccw = Q1 + Qg as output to the third lowpass filter 82 in response
25  thereto. Hence, the second lowpass filter 80 receives the clockwise rotated signal
specified by I, and Q. as input; the third lowpass filter 82 receives the
counterclockwise rotated signal specified by Icw and Qcw as input; and the first

lowpass filter 76 receives the non-rotated signal Ii; and Qj, as input.
The first lowpass filter 76, the second lowpass filter 80, and the third lowpass
30 filter 82 include fifth order elliptic IIR filters as discussed more fully below. The



and QQ as input fromthe LUT 90 and provides @, = Q - QQ as output to the
second |owpass filter 80 in response thereto. The second adder 102

recei ves WD one1QQ as input and provides Qcw = Q + QQ RETASOPUI8E O t he
third | owpass filter 82 in response 25 thereto. Hence, the second | owpass
filter 80 receives the clockw se rotated signal specified by Icw and Qcw
as input; the third lowass filter 82 reéldeives the counterclockw se

rotated signal specified by Iccw and Qc,-,,, as input; and the first
| owpass filter 76 _receives the ngn-rotated S|qgnal lin and n as input. The
first | owpasdligtic HRy filters mpemizec SRR by eapsnsating der 48-954MB base statiopglx
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mat chi ng bas&eansesosiaRd wihsihiasengr camier |(Bol4as right cavist 1B Xeftaz
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carrier carrier pectl ve %ssed mor e
fully bel owemhmdiﬂmtmheMassﬁkeﬂSWECSO ent 82 iaresidenticahe | owpass f| |ters 76,

80, and 82 are i cal . 4 a nore detailed. diagr cond

| x | owpass fil te&‘e 5r2 Boge g%aﬂed'léﬁ%grf“?‘r%ftth? ot ofo\ ‘ig fl?‘i"P%F?g%r g%apf%’rge%t hird

| owpass fil t@je B Ibﬂwﬂﬁbé}fﬂt@r B EnBibB1thidd lév@pe{sbﬁltels@z?@f‘@lé oOWRa$fnildrlth ke 80 of
Fig. 4. For clarity, "various conponents are omtted from 10 Fig. 4, such as

power suppl iseeonadridwphssclidéer 8Qoviigr4. obier dliiityl eatidus components wietdmigied om t o

t he pres nt s will know wher nd_how to i t ddi ti onal

Foqui s B dichhEEs Phvir Bt SaBRthiraVet fat SRUENE tneird yEf ks’

nodul es 110 tottheYabseh? feahinlh Owildkiswe wihedé taall Kow qun lérhéﬁt e eadalitamiked at

CHI Px8, which refers to 8 tines the chip rateé.mﬁf@ . 15 The | owpass
f, th@dén%s

filter 80 i rfequisitescampanghtsedndhe presentispedifi¢ embg smgddey 110 t
\g: |dleplt I”(F:’Ut ft%ﬁ f[&% (;t%gt@%;nlg%ﬁ){] Cﬂ:l%ltls tﬁ%ﬁ}r epr gés{de%t S a 1&%8%})%6%” oA
nunber havi ngnesitle &upsme\msa@n MI)ude a sign bit, where the last y bits are
to the r1I ght of al“htc)al 12%%%&3'&? 80 1r-1IZQudes a sign extension circuit 110 that receives a 6Q1
bit wide input from the rotator 72 of Fig. 3 and provides an 11Q6 output to an elliptic
IIR filter 112. The notation xQy represents a 2's complement number having x+y bits
which include a sign bit, where the last y bits are to the right of a binary point. The
elliptic IIR filter 112 outputs an 11Q6 bit wide signal to a first input of a first digital
20 adder 114. A second input of the first digital adder 114 is connected to an output of a
DC offset circuit 116, which outputs a predetermined DC offset value. An 11Q6
output of the digital adder 114 is input to a first saturation circuit 118 and a second
saturation circuit 120. An 11Q6 output of the first saturation circuit 118 is input to a
Most Significant Bit (MSB) inverter 124, which inverts the sign of the input value and
25 provides an 11Q6 output to a first truncation circuit 126 in response thereto. An
output of the first truncation circuit 126 represents a 4Q0 offset binary signal, which
corresponds to the right carrier B; and is input to the MSM 56 of Fig. 2. An 11Q6
output of the second saturation circuit 120 is input to a second digital adder 122,

which adds 0.5 to the input. An 11Q6 output of the second digital adder 122 is input

30 to a second truncation circuit 128, which provides a 4Q0 2's complement output



elliptic ERfilter 112 outputs an 11Q6 bit wide signal to a first input of
a first digital 20 adder 114. A second input of the first digital adder 114
i S connecwed2eian out put of a DC offset circuit 116, whiPCh/us02/pe8s a
predeterm ned DC of fset value. An 11Q6 output of the digital adder 114 is
input to a first saturation circuit 118 and a second saturation circuit
120. An 11Q6 output of the first saturat2on circuit 118 is input to a Most
Significant Bit (MSB) inverter 124, which inverts the sign of the input
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signal is then inverted by the MSB inverter 124, and the result is truncated by the first
truncation circuit 126 to yield a 4QO0 output signal with a maximum truncation error of
0.5. In the present specific embodiment, the truncation circuits 126 and 128 employ
coefficient quantization instead of rounding quantization.

20 In the second mode, the second saturation circuit 120 saturates the 11Q6
signal output from the first digital adder 114. The second digital adder 122 adds 0.5
to the resulting saturated signal to eliminate a non-zero error mean. The resulting
signal is truncated to 4QO0 precision and output to the MSM 56 of Fig. 2.

Those skilled in the art will appreciate that only one digital output format may

25  be provided without departing from the scope of the present invention. For example,
the circuits 118, 124, and 126 may be omitted.

In the present specific embodiment, truncation quantization instead of
rounding quantization is employed. Although truncation quantization may yield a
non-zero mean, this non-zero mean is removed by the addition of a DC offset by the

30 DC offset circuit 116, which includes a UP/DSP register (not shown). The exact



signal is then inverted by the MSB inverter 124, and the result is
truncated by the first truncation circuit 126 to yield a 4Q0 output signal
wi th a mawormmesdinauncati on error of 0.5. In the present sSpPeTfsnz00089

enbodi nent, the truncation circuits 126 and 128 enpl oy coefficient

guanti zation instead of rounding quantization. 20 In the second node, the
second saturation circuit 120 saturates €he 11Q signal output fromthe
first digital adder 114. The second digital adder 122 adds 0.5 to t he
resulting saturated _signal to elimnate a non-zero error_ mean.
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i nput si gnal gebfiggnddie sign extension circuit 110 of Fig. 4 and provides an

output toa first filter section 142. An output of the first filter
section 144 is inphs firs faltereﬁ@om 1@4 fln¢1t1@s & igsti aﬂdellzl@o adirgud poeffisient he

second filter sectign 146 is in th|rd |It sec The
first filtermeBmIFTGHo0AR%; hacaRLS éfrf 5th<d Scsf ,cwat mUitgfleﬁiB@Seléﬁ i ent
third B coefficient multiplier (Boz) 158, a first digital delay element (z) 160, a second

15  digital delay element (z'") 162, a second o coefficient multiplier (-¢p;) 164, and a
third o coefficient multiplier (-0lz) 166. Inputs of the first adder 150 are connected to
outputs of the first o coefficient multiplier (o) 140, the second o coefficient
multiplier (-0tp;) 164, and the third o coefficient multiplier (-02) 166. An output of
the first adder 150 is connected to an input of fhe first B coefficient multiplier (Boo)

20 | 152 and to an input of the first digital delay element (z") 160. An output of the first
digital delay element (z'") 160 is connected to an input of the second o coefficient
multiplier (-0p;) 164, to an input of the second digital delay element (z'") 162, and to
an input of the second P coefficient multiplier (Bo1) 156. An output of the second
digital delay element (z'') 162 is connected to an input of the second o coefficient

25  multiplier (-0;) 164 and to an input of the third B coefficient multiplier (o) 158.
Outputs of the second P coefficient multiplier (Bg;) 156 and the third B coefficient
multiplier (Boz) 158 are input to the second adder 154, which provides the output of
the first filter section 144.



mul tiplier (Roo) 152, a second adder 154, a second O coefficient nmultiplier
((301) 156, a third P coefficient multiplier ((302) 158, a first digital
del ay el ewerie/o6mi4) 160, a second 15 digital delay el enentCrasstd/oms®, a
second a coefficient nultiplier (-a0l) 164, and a third a coefficient
multiplier (-(X02) 166. Inputs of the first adder 150 are connected to
outputs of the first a coefficient multi?ier (a00) 140, the second a
coefficient nmultiplier (-(xol) 164, and the third a coefficient multiplier
(-a.02) 166. An output of the first adder 150 is connected to an input of
the first (3 coefFhefissitc goefficisnt auliiplisg) (a9 W) ang the rsifilfes saetiozt 14he
first digital delay.el nt (- . An output of the first digital

del ay el errenltmp?ezm tll%%ﬁlg‘évmcgofﬁ%ée% nJGTSOQ{)O an input of the second a
coefficient nultiplier (-aol) 164, to an input of the second digital delay
el ement (z-1) 162, and to an input of the second £3 coefficient multiplier
((301) 156. An output of the, segond \@ gifed” defmy )el ement (z-1) 16C2I7's
connected to an input of t he'ls 36%0 agq_qff;l gl e —ZFB multiplier (-a I; 164
and to an input of the third 0 coefficient multiplier ((302) 158. CQutputs
of the second (3 coefficient nultiplier ((301) 156 and the third 13
coefficient multiplier ((302) 158 are input to the second adder 154, which
provi des t heTlmuopand & coeffiierts rase chodenero et theynmaybe eypressed do the form

PCT/ US02/ 00089 24 The first a coefficient multiplier (a00) 140 and the
first filter\seot| ' SOEble ! f i ] (2 :d) _a,
(' 600+1 01z-§£gzwgﬁe]tﬁ§frﬂ8ﬂg% 1+éolfz‘}-a%efg(&)??\-émfﬂgsfﬁﬁ%ﬁgE%&g%dgﬁ,(%ém' "Thé
coefficients are chosen so that they nay be expressed in the form P 2°
wher e the snfatiligates hes dedgre apd| eamstragtion Pk efiiertnmubiplisesc ko doplemiest dhg .
This ~=1 facilditates the design and construction of efficient nultipliers
to inpl errentcc}ehfléments' P

coefficients.
10 The construction of the second filter section 146 is similar to the construction

of the second filter section 144 with the exception that the elements 158, 162, and 166
are omitted from the second filter section 146, and the elements 150, 152, 154, 156,
160, and 164 of the first filter section 144 are replaced with the corresponding
elements: a third adder 170, a fourth B coefficient multiplier (B19) 172, a fourth
15  adder 174, a fifth B coefficient multiplier (B1;) 176, a third digital delay element @z
178, and a fourth o coefficient multiplier (-0t41) 180, respectively, in the second filter
section 112. An input of the third adder 170 is connected to an output of the second
adder 154 of the first filter section 144.
The second filter section 146 implements the following transfer function:
20

H,(2)= (ﬂlo + :Buz_l) .

8
1+a,z” 18]

The third filter section 148 is similar to the first filter section with the

exception that the adders 150 and 152, te digital delays (z.;) 160 and 162, and the

25  coefficient multipliers oo 152, Por 156, Poz 158, -0; 164, and -0, 166 of the first
filter section 144 are replaced with the corresponding adders 182 and 184, the digital



10 The construction of the second filter section 146 is simlar to the
construction of the second filter section 144 with the exception that the
el enent s Wbd2/04@24 and 166 are omtted fromthe second fiPCTrarsozemss on 146,
and the elenments 150, 152, 154, 156, 160, and 164 of the first filter
section 144 are replaced with the corresponding elenents: a third adder
170, a fourth O coefficient multiplier (3810) 172, a fourth 15 adder 174, a
fifth O coefficient multiplier (011) 176, a third digital delay el enent
(z-1) 178, and a fourth a coefficient nmultiplier (-al Ié 180, respectively,
in the secorfi¢layp(z orl86gaddf@randthe quéﬁfl?lﬁlﬁd{mg?h%rﬁgmt 110s Bo1al§d P22 196, a1
connect ed tggﬁn rﬁJto{z)u]E%Of thg. second adder 154 of the first filter section
144. The se o9 et S ECPFON a6 i npl enents the follow ng transfer
function: 20 Hl(gethfrd Gilief debddn 148 iHflemdma kZollbRinightiangfck Finc@bn:sect i on 148
is simlar to the first filter section wwth the exception that the adders
150 and 152, to digital delays (z_1) 160 and 162, and the 25 coefficient

multipliers (3()o 152, (301 156, (302 8, -a0) 164, ,and -a02 166 of the
first filster section 144 are replg%%gz ol sk ondi ng adders [42 and
184, the digital WO 02/060114 PCT/ 2/ qDP8Yz " 25axegel’dys (z-1) 186 and 188,

and the coefficient nultipliers (320 190, (321 192, (322 194, -a2l1 196,
and -022 198, respectively. The third filter section 148 inplenents the
foll owi ng transf function: . 5.H2(z)= (p2Q +N217-1.+J 22 ~-2) 191 1+a2lz
+a22z The over alefhetcf'vﬁff’gffté@sﬁﬁ5181418%\}‘?%86 ﬁﬁﬁ%ﬁréléﬁ'ter 112 is: (1600
+NO1z-1 +1 02Z-2) (1610 +N11zZ-1) (,620 +N21zZ-1 +N22z-2) [10] H(z) = aOp
1+a0lz | +a02z-2 1+allz-1 1+a21z-11 +a2§ -2 10 vvhlr t he valri abl_e2 are as
described above. H()=a, (Boo + Bonz ™+ Braz?) (B +ﬁ112_3_6820 + B2 + Pz T, [10]
® (1'*'0"11[1) (1+a21z_1 +a221—2)

(1 + amz”l + 0!022_2)
10
where the variables are as described above.

The digital coefficient multipliers for multiplying o and f coefficients have
similar structures. A preferred multiplier structure for implementing the multipliers is
discussed more fully below. The adders 150, 154, 170, 174, 182, and 183 also have

15  similar structures and may be implemented via conventional digital adders. Similarly,
the digital delay elements (z'1) 160, 162, 178 may be implemented via conventional
digital circuits, such as latches.

In the present specific embodiment, the values of the o and B coefficients of
the elliptic IIR filter 112 are chosen to eliminate the possibility of overflow at each

20 node of the IIR filter 112 and are given in the following Table:



The digital coefficient multipliers for nmultiplying a and O coefficients
have simlar structures. A preferred nmultiplier structure for inplenenting
t he mul tiwbiogeolis di scussed nore fully bel ow The adder #CTEGp2/0049 170,
174, 182, and 183 al so have 15 simlar structures and may be inpl enented
via conventional digital adders. Simlarly, the digital delay elenents
(z-1) 160, 162, 178 may be i nplenented vE2@ conventional digital circuits,
such as latches. In the present specific enbodi nent, the values of the a
and (3 coefficients of the elliptic IWR filter 112 are chosen to elim nate
the possibility of overflow at each 232R§de of the IIR filter 112 and are
given in the follow ng Table: WO 02/ 060114 PCT/US02/ 00089 26 Table 4
Coefficients: Inplenmentation: a00 = 22/512 (16+4+2)/512 a0l= 895/512
-(1024-128-1)/512 a02 =|414/512 (512-128+32-2)/512 all=l -445/512
-(512-64-2-1)/512 a2l= {Cobfficiénts{ 1044- 1Idplein&itatioh:l2 @22 = 476/ 512
(512-32-4)/512 Poo = 7/64 (8-1)/64 Rot = -3/64 -(4-1)/64 002 = 7/64

(8-1)/64 0io = 4/64 4/ 645 015545064 4764 020 384851 0P+16+8)/ 64 021=
-104/ 64 - (64+32+8)/64 13 ?58 51 ’4+16-r8)i”c1 nabdis liptic IIRfilter
]

112, nunerator coeffici er%zggﬁgﬁ. ety 51 giZB:ljlf e to mninmze the

nunber of multipliers red

@ T

O = -445/512 -(512-64-2-1)/512
Op1 =-921/512 -(1024-128+32-8+1)/512
Oz = 476/512 (512-32-4)/512
Boo = 7/64 (8-1)/64
Po1 = -3/64 -(4-1)/64
Boz = 7/64 (8-1)/64
Bio = 4/64 4/64
311 - 4/ 64 4/ 64
Boo = 88/64 (64+16+8)/64
Ba1 = -104/64 -(64+32+8)/64
B2z = 88/64 (64+16+8)/64

In the elliptic IIR filter 112, numerator coefficients are employed when
5 possible to minimize the number of multipliers required.

Cascading the 2™ order filter sections 144 and 148 and the first order filter
section 146 rather than employing a single section, reduces the sensitivity of the IIR
filter 112 to coefficient quantization effects.

With reference to equation (9), the poles of the IIR filter 112 are

10  approximately: 0.899 + 0.3475j, 0.899 - 0.345j, 0.874 + 0.2116j, 0.874 - 0.2116j, and
0.8698, where the coefficients of the j terms represent the imaginary parts. Hence, the
IIR filter 112 includes two poles below the real axis in the second quadrant, two poles
above the real axis in the first quadrant, and one pole on the real axis between the first
and second quadrants. The zeros of the IIR filter 112 are approximately: 0.581 +
15 0.8139j, 0.581 - 0.8139j, 0.2008 + 0.9796j, 0.2008 - 0.9796j, and -1. Hence, the IIR
filter 112 includes two zeros above the real axis in the first quadrant, two zeros below
the real axis in the second quadrant, and one zero on the real axis between the third

and fourth quadrants.
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invention.

15 The IIR filter 112 operates on 11Q6 signals. This helps establish a minimal
filter signal-to-quantization noise ratio of 26 dB. This is equivalent to the maximum
output noise variance of 0.226, assuming an I, Q signal power level of 9dB. Since the
output noise variance caused by the quantization error of the filter 112 is
approximately 36.46 when the variance of the Additive White Gaussian Noise

20 (AWGN) source is 1/12, the output noise variance must be reduced by a factor of
1613. This is achieved by setting the Least Significant Bit (LSB) value to 25, which
implies that the adders should be 11Q6 adders.

With reference to Figs. 2, 4 and 5, in the present specific embodiment, the
MSM 56 of Fig. 2 takes a 4-bit resolution (4Q0) input. Consequently, the overall

25  Signal-to-Quantization-Noise Ratio (SQNR) is approximately 20 dB if the received
complex signal power is set to 18 dB by Automatic Gain Control (AGC) circuitry (not
shown) in the receiver front end 52 of Fig. 2.

The IIR filter 112 helps to establish a minimal SQNR of 26 dB for the lowpass
filter 80 of Fig. 4, which renders an additional loss of at most 1 dB to the overall

30 SQNR of the receiver front end 52 and 3x MC filter 54. Those skilled in the art will



15 The IR filter 112 operates on 11(Q6 signals. This hel ps establish a
mnimal filter signal-to-quantization noise ratio of 26 dB. This is
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addition may introduce nonlinear effects fromquantization errors and over
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cycles are reduced by increasing quantization resolution.

15 Large-scale limit cycles are often caused by overflow resulting from digital
signal addition. Generally, large-scale limit cycles are more problematic. To reduce
or prevent large-scale limit cycles, the IIR filter 112 is designed to eliminate overflow
possibilities via the use of saturating-type adders 150, 154, 170, 174, 182, and 184.

Coefficient quantization effects depend on filter structure and pole location.

20 Filters with poles clustered together are typically more sensitive to coefficient
quantization when implemented in direct forms. Consequently, such filters may
require higher coefficient precision.

By implementing the high-order IIR filter 112 as a combination of lower order
filters 144, 146, and 148, coefficient quantization effects are minimized. While the

25 1IIR filter 112 may be implemented differently via various combinations lower order
filters, such as 2™ order filters, cascade and parallel structures are often easy to
implement and require minimal computation.

Scaling via the o and P coefficients is employed in the IIR filter 112 of Fig. 5

to guarantee that every node which performs addition does not exceed the maximum

30 range. Inthe present specific embodiment, the scaling is performed, and the o and f



limt cycles are often caused by signal quantization and depend on the
filter structure and the type of quantization (truncation or rounding)
enpl oyed.wBmalobo1scal e limt cycles are reduced by i ncrea®Cmgsquens? zati on
resolution. 15 Large-scale limt cycles are often caused by overfl ow
resulting fromdigital signal addition. Cenerally, large-scale limt
cycles are nore problematic. To reduce 2% prevent large-scale limt
cycles, the IR filter 112 is designed to elimnate overflow possibilities
via the use of saturating-type adders 150, 154, 170, 174, 182, and 184.
Coef i ci ent QEHIftGEsRIEGROM IBACodapEntity ihe Lp gFms thhedripermafba tgpefer
| ocati on. | ter i . AAYA o)) : re
sensitive t(2)fg l(]:égleo f}ﬁglﬁ grl(?tlﬁ Q‘hﬁ%hf‘?fza;ﬂtl#%trﬁgaﬁg%&?%Fgﬁée%iftfelg fllﬁtﬁﬂé;a?igig%ﬁ or ns.
Consequently, such filters nmay require higher coefficient precision. By
i npl ementing the high-order 1R filter 112 as a conbination of |ower order
filters 144, 146, and 148, coeffjcient “guantj zatjion effects are mininjzed.
Wile the 25 IIR filter 11BP ﬁ%{lf",bﬁ Eﬁpﬁﬂ@?{t & differentl y via varlildlis
conbi nations |ower order filters, such %as 2d order filters, cascade and
paral l el ,structures are often easy to inplenent and require m ninmal
conputation. Scaling via the a and (3 coefficients is enployed in the IIR
filter 112 afhdré @ isShe ban@lURY Retiushcyl, Pas atinesger,nadeo whi fedyubsdyhakiableaddi ti on
does not exceed the maxi num 30 raml;e._ In the present specific enbodi nent,
the scaling is pdfdchrindd,i afralfiltpescalegnia weywansy web 1tha Lpowruse asewaded 29
coefficients are chosen in accordance mith t norm The Lp, normof a
Cranstor - f HEE RoAFE]meRaRFa e cilet vl o pe PSR, sl EelB L O
the filter iigagdefined as: Lp = IIFIIP =~s f IF(zY)l P do, [11] 5 where
g is the sanpling frequency, p is an integer, and wis a frequency
vari abl el0 Each node i of a filter scaled in accordance with the Lp normis
associated with a transfer function F1(y froma-filter input to that node
i, which is designed so that: 17| =[—Lj|F,~(W)|p dw}SI. [12]

p w 0

s

If ||E]|p> 1, then the filter is adjusted so that the transfer function Fy(«) is multiplied

by the scale factor s; = 1/ IIF,"p so that equation (12) is satisfied. In the IIR filter 112,

15 numerator coefficients are employed where possible to reduce the number of requisite
scaling multipliers.

When F(a) is continuous, the limit of |F|| as p approaches infinity () is

given in the following equation:

20 L, =|F|, = max g, |F(@)], [13]

where ||F IL is the L-infinity norm (L _ ), and the remaining variables are as

described above.



10 IIFilIP=f IFi(ev)IPdn7 1. [12] STSIf IIFIIP > 1, then the filter is
adj usted so that the transfer function FF(w) is nultiplied by the scale
factor s;weo020bd1FH | P so that equation (12) is satisfied. PeTtUse2/0d0Bd filter
112, 15 nunerator coefficients are enpl oyed where possible to reduce the
nunber of requisite scaling nultipliers. Wien F(w) is continuous, the
limt of IlFIIP as p approaches infinity3@lIFIl_) is given in the

foll owi ng equation: 20 L" =1 FIl_ = max0O<a<a, IF(zv)l, [13] where IIFII _
is the L-infinity norm (L and the renai ning variables are as described
above. WD 02/ 06011k BRTHB0A20068%d BlacthielandeRvith | £ gr. HoRever, thedlR dilien
accordance with L However, the IIRfilter 112 may be scal ed in accordance
with the Lp Hermpy ipssatedin agcerdppesditle thei Liseprin Mgre Risrcpredieiamnined vape v

wi t hout dep ' ! . . k RV .On: transfer
function Fl?(gvf/g’érrc}g arfeiglg@t%‘ﬁ@cgﬂ@g%ﬁn%ﬂﬁ%ﬁﬁgiéj)@% Ogﬁlg%i%?g ga%;g 'ons 5 (7),
(8), and (9), respeckintednhindtonIgab)esd edttafiliiescaast 144;aa6f inel B8t @qhdlions
accordance with L O so that: L; =Il1Ftll- < 1. [14] 10 The noi se power
spect r umsas s@gi (8), edd @)t tespensivelyRisfschlee vialthe oremd [heoeffivienteih acogrdames with
follow ng equation: S;tn (vT) _ Y k1 2 1d (u7)12 [15] 15 where the
quant i zat i onlrois8&afari ance is : 60 11 snnll' [16] 20 where ei[n] is the
guanti zati on noi se associated with each i filter section (144, 146,

L. =|F|. <1. [14]

10
The noise power spectrum associated with the IIR filter 112 may be modeled

by the following equation:

Snn (ZD') = Zkz %IG; (ZU)|2 H] [15]

15

where the quantization noise variance is :

, [16]

20 where ¢;[n] is the quantization noise associated with each i filter section (144, 146,
and 148) and is modeled as a sum of k; Additive White Gaussian Noise Sources
(AWGN), where each source has a two-sided power spectral density of No/2; k;
represents the number of multiplications associated with the i node; and where
Gi(w) is the transfer function from the noise source e;[#] to the output y(n).

25 In the present embodiment, the outputs of multipliers that implement the ¢ and
B coefficients are quantized before summation. Therefore, the number of quantization

noise sources is equal to the number of multiplications associated with each node.



and 148) and is nodeled as a sumof ki Additive Wite Gaussi an Noise
Sources (AWEN), where each source has a two-sided power spectral density
of NJ2; kwo mepriesents the nunber of rnultiplications asso®cCatusd2/owsh the
ith node; and where G (w) is the transfer function fromthe noise source
el[n] to the output y(n). 25 In the present enbodi nent, the outputs of
multipliers that inplenment the a and , a@lcoefficients are quanti zed before
sumat i on. Therefore, the nunber of quantization noise sources is equal to
the nunber of multiplications_associated with each_node. W) 02/ 060114

PCT/ US02/ 00089  3Withyreferense &p Epise 2tapd 5 i stmchiye) and ppleezesq plaggmpsnd of ke
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error netric descri egradation or loss ci at th the
recei ver fr aidgradndobat Rﬂd aé.sbaa&ldwﬁtlf tHetI‘GleGlM front Bnd G2 apd dmehM@tfﬂwrﬁnc
enbodi nent, the error netric L is derived assum ng the 5 | owi ]g%a}hal og

signal (s(t) REsPresethsppeifieFrRpdimeis dhes eHpT Shetd oLF%@éFV agsyIy
0 t
LOEe VoL e Bliofind andlol Syt @vRR TRl (Y Baolinfort AIPROAIE] Bl e | BCT)

= E Y YXx(lo

(| - 1) PNn ta¢diver 50Tf Fig.&€ With aeadded conplex AGWN ndiBe eorponédt N(f):l ) Wh (i 1)
PNn h(t - nTc) e;' ew + Nt), i=1 n where x(i_1), x(io), and x(il)
repr esent Qjadrature Phase Shift Keying (QPSK) data streans associ ated
with the ith user’ SQINeft center, and right car}l ers respectively; Wi(i_

1), Wi(io), a@r=\({D) ™ eapmsen)- M) Ji chigseéssociated with the ith user's

left, center, 15 andifight carriers respectively, at time n; 01, 01, and
01, are phases associated with the left, center and right carrlers

respectively; coo r i‘: rrier al reqjue CY,y SPacing; the
Psueudo Noi se (PNy Egéaag‘%{ Prt\?ra%’gl Q¢ malld zéd such that ktfu
+1j ; Nnis the nu "of users, which corresponds to the nunber

10 + JE[Z":Zx(iI YW, (i,)- PN, -h(t —nTc) e’ )e””"’ +N(@),

i=l n

where x(i.1), x(ip), and x(i;) represent Quadrature Phase Shift Keying (QPSK) data
streams associated with the i™ user's left, center, and right carriers respectively; W, (.
1), Wi(ip), and W,(i;) represent Walsh chips associated with the ith user's left, center,
15  and right carriers respectively, at time n; ¢1, ¢, and ¢, are phases associated with the
left, center, and right carriers, respectively; mo represents carrier signal frequency

spacing; PN, is the Psueudo Noise (PN) sequence at time n and is normalized such

that PN, = *——=+— j; N, is the number of users, which corresponds to the number

- J_ «/—
of 3xMC forward link channels communicating with the base station; Tt is the chip
20 period or sampling interval; E is the energy per chip of each user; the function A(?) is
an impulse response function representing the combined effects of the base station's
pulse-shaping filter and pre-equalization filter and is the convolution of the impulse

response of the pulse-shaping filter and the impulse response of the pre-equalization

oo 2
filter and is normalized so that IIH f )I df =1, where H(f) is the frequency response



of 3xMC forward |ink channels communicating with the base station; Tc is
the chip 20 period or sanpling interval; E 1is the energy per chip of each
user; thewbuawostilon h(t) is an inpul se response function PEprEsszmoBNg t he
conbi ned effects of the base station's pulse-shaping filter and
pre-equalization filter and is the convolution of the inpulse response of
t he pul se-shaping filter and the inpul se32 esponse of the pre-equalization
2 filter and is normalized so that f IH(f )I df = 1, where H(f) is the
frequency response WO 02/060114 PCI/ US02/ 00089 32 or transfer functio
associ at ed vip%FRISEL fynclignasygeied with A)rand) where (4 nEqiis ﬁér&tsmfts%pgbyby nTc.
After sanpling and downconversion, the received signal s(t) is a digital
signal s(n) =1(n) 4 Qn), which is input to the 3xMC filter 54. s(n) nmay
be witten as: 5 After)samplifigland do@pognverskm, ¢h13)reeei%d $ig1)a§ s(Zt)ltsraTdigitalB_igna( n)

e-jnmonTr + N(nTT 1 erenis a igital time

vari abl e; T‘I‘S((ig)f%(t‘fe["éékfﬂi t\g’lﬁ’ﬁkﬁ%ﬂpﬁﬁo tF é"%?‘cgflletlfeﬁ%gpéﬁ HREY BSRen 48- 1(n), and
Bi (n) are conpl ex baseband representations of the center, 10 left, and
right carrier CDVA signals, respectively; and N(nTs) represents an added
AWGN noi se conponeng(n) Im@)er]l(yh) af (h)e- B (W eSS B_lipyle Y7t hel(‘iml)l owW118y
equation: L 101og SNR =10l og p [ 0] [19] 1SNRi deal lor . 8+2'1 or E I

pl [in- nll Z+ Eg|[n] 2 No Non 15 where No is a noise term

representative of twce the ral density. of a noise S|gnal N(t .added
Lo the tr ansHhertads & Giisser By Prretiga e Viiabldn & He SHRRENERAORohE-24lkb t he

recei ver 50; 3R BRRY, B.EHY, sdntm(@ ﬁe%'omtpﬂfxn@dséﬁanﬁ%b&sé}ftaﬁd%@ d’f%ﬁ@béﬁﬁ&

signal ; SNRi deal ‘the i'd i'gnal -to-noise ratio and is equal to 2NEC |
No , whet®e Nef, amrbngbmmebﬂmAcmm, irespeeitvel s yandoN(nder repesenthdnRdded t he
ener gy per c&lenglrseco %%&rt\ts recei ved

The error metric L is described by the following equation:

p [0]

L= 1010g( S]L\S;]I\QIR J =10log 7 ,
ideal A})r ﬂ + 2 or (Z|p1 [m n]l ) + z g[n]
0

[19]

15
where Np is a noise term representative of twice the spectral density of a noise signal
N(t) added to the transmitted signal by the channel between the base station and the
receiver 50; SNR represents the signal-to-noise ratio of the received signal; SNRjgea 18

the ideal signal-to-noise ratio and is equal to 2NE_/N,, where N is the number of

20 chips in each symbol period, and E. is the energy per chip; I, represents received
signal energy and is equal to E.N,, where N, is the number of users of the forward link
channel from the base station to the receiver 50; g[n] is the impulse response function
of the 3xMC filter 54; n is an integer corresponding to the time at which the received
signal was multiplied by PN,, by the base station forward link modulator; m is an

25  integer corresponding to the time at which the received signal was multiplied by the

conjugate PN sequence PN, by the forward link demodulator (not shown) in the

MSM 56; p[n] is the convolution of the base station pulse shaping and pre-



signal energy and is equal to EN,,, where N' is the nunber of users of the
forward link channel fromthe base station to the receiver 50; g[n] is the
i mpul se rwepefemd1f unction of the 3xMC filter 54; n is anPCRIUGESGZ00089
corresponding to the tine at which the received signal was nultiplied by
PNO by the base station forward |ink nodulator; mis an 25 integer
corresponding to the tine at which the r&teived signal was nultiplied by
the conjugate PN sequence PNm by the forward |ink denodul ator (not shown)
in the MSMD56; p[n] is the convolution of the base stationlgulse shapi ng

and pre WO Ouebziion fiErAusty bungs regmnee abtheAxMe dilter IS¢ dplrdmdilnhigilapul se

response of the 3xMC filter 54 . nl.=.h[n]*g[g},  wheye * represents

convol ut i on) WhedRd r,e@e?eé’tse‘iﬂ’}éipluflég%?&bﬁil éq“]ah%’z%ﬁ[fVT error metric L of

equation (19) is derived by enploying equati on’§’”(17)_ and (18) and naking

the followi ng asspRpbkeNmetr L -of @38atfATIOY id ﬁeﬁ%@%ﬁ?%ﬁi%ﬁﬁ@&dﬂbw ed
ed by

on each carrier such that 3 QPSK synbols are transmt he base
stati on, andanshil§) andemaldng e foHewingrassuwnptigasrodul at ed (yn(ko) and Zo are

dealt with). 2. The~channel. over which t 3X signal ks transmt is an
AVEN  chahmel “wi th 00 aurorL faFmsiihghd Bemidlred ke crrid e b
enpl oyed; eaQRSKogynetols hiciawshane® by OBe Hagd stafibfNadd pHgSHe enteh@itier4s Each
QPSK synbol on each carrier both fromdifferent users and fromthe sane

user is i ndefsanstatedya(Kotieisk Fosse ASalivdl)r i buted with zero mean. 5. No
. f ; | ! o
i nterterence exi Si.sTllP@fﬁYl‘Eﬁl’él ov q/hghsll}%nﬂMﬁoﬁ’gﬁﬁlsﬁiigﬁ%ﬁﬁtﬁ%%%\l\%ﬁdﬁ IS

15 sufficient to consider only the real parts

cal cul ati ng ¢Haenedrwidr no meiti-path fadidgose skilled in the art will appreciate
that a different error netric rived in accordance may he enpl oyed to
sel ect tHe st ruct%lrgo%?relﬂth%em?cgéiqunt $remaloYed; Gachelorwerd Halo abarpel §a15eG en

applicati on Wi 1 BHise 4ERMWA.NG from the scope of the present
4. Each QPSK symbol on each carrier both from different users and from the

same user is independent and identically distributed with zero mean.
5. No interference exists between I and Q signal components and therefore it is
15  sufficient to consider only the real parts of ym(ko) and Zy when calculating the error
metric L.

Those skilled in the art will appreciate that a different error metric derived in
accordance may be employed to select the structure of the IIR filter 112 to meet the
needs of a given application without departing from the scope of the present

20  invention.

The parameter L represents the degradation in SNR caused by an imperfect
filter and depends on the filter impulse response g[n] and the I,/N, ratio. By plotting
L versus I/N, for various IIR filters and structures, such as Chebyshevll, Chebyshevl,
Butterworth, elliptic, and matched filters the type of filter most suitable (in terms of

25  performance, cost, size, and so on) for a given application may be selected. In the
present specific embodiment, the 5™ order elliptic TIR filter 112 was selected based on
its performance according to the parameter L of equation (19) relative to other tested
filters. The selection of the IIR filter 112 is based the unique error metric L, which

accounts for inter-carrier interference, inter chip interference, and AWGN.



20 invention. The paraneter L represents the degradation in SNR caused by
an inperfect filter and depends on the filter inpulse response g[n] and
the | or/ Nworeaws@i14 By plotting L versus lor/No for vari ou®CritRot/ddosers and
structures, such as Chebyshevl|, Chebyshevl, Butterworth, elliptic, and
matched filters the type of filter nost suitable (in ternms of 25
performance, cost, size, and so on) for X given application nmay be
selected. In the present specific enbodinment, the 5th order elliptic IIR

filter 112 was sel ected based on its perfaormance according to _the
parameter L of edtisalesting1hy strustuge of, thetftes o @pd dhessaappspendingesasthictepss in

sel ection Ofac%:(;r']l'?aﬂéeav{tﬂ lhe Errgllﬁle@rg 23 eduihiyn p%’%g : %1; 3¢ Ehisured }3;]:0\\3\?3\1

accounts for er-carrier inter ence, inter Chip interference, an

WO 02/ 0601 14m#€H /bakzs0 2620100 §farlse shaping s ebrapdnisaig foh el xsbandetidthebasé stdtienfpret er 50
and the corresponding coefficients in accordance 'tq, the error netric L
of equat i on ga¥ahjzatippgo mipinize pysralbphase nepdineartyy gnd jpgtlitsic SHed 1WELEAIHA pul se
shapi ng, Scorm@ep?&rn . for 1x bandw dth base station pre- equalization to

m ni m ze overall phase non-linearity, and facilitate small inter-carrier 5
interference. A netineitiofl ofor diesiggimignfjltéss| ine recordanae cwithl dine eoresenth intviastigr esent

invention invqglves determning an eryor.netric L to judge filter .
per f or mance;™" V“esc‘fqteﬁﬂn?lﬁg af‘ier‘%’é Fne.tq% go B’gg% élllt%p?rkﬂrglaﬁ‘fqg ts%lﬁ:tg}g; the filter
det er mi ni ng dhepsdeliUft iEcPbribhedddrdifihg t8dIstuRASre (FIRAUer, Hubieat chRhd8
based on the"selected filter type; then strategically selecting

coef fi ci ent giret0farm, bassid| dnt the seleotod dittentypel thenistraigeicell vl aeleding; qonfficirants
selected structure, .Fig. 6 .is a_diagranm of el Lplier 200 for
it enrentt ngoaidh Eisdmpemeiporty SrRRIAT Sutnfidbddl sELPL | O 2

nul tiplier 200 i rgbuslgsa diablaiBéf Saigfthl mheldipEercI00202 implemesinfle sbéfficient
register 204, and a third shift register 206. Inputs of the registers 202,

204, and 206maltipliers of&ég-cd 4 soefficisat puttinbier 200 Bgtudles & firgishift weists 283, i
L8 o7 o't B iy PR ORRSRI e I0 e ER Acer
i S connect ed204paral 3ECa8donreted to fin bhpul dflancydqer oradigiea]l d2IAG of &ig. Suwhish iof
which | Slsconaqgocgo%gecttgd t% 2]: %irrs% }npillp gfua;[ (1?Ti-c)%2n6 zgd]derl 5&2 c? a l%gggrglle%la%der 210. An
output of the third shift register 206 is connected to a second input of the (11+¢)Q6
adder 208, an output of which is connected to a first input of an (11+5)Q6 adder 212
of the bit-parallel adder 210. A second input of the (114+b)Q6 adder 212 is connected
to an output of the second shift register 204. An output of the (11+5)Q6 adder 212 is
20  connected to a first input of an (11+a)Q6 adder 214 of the bit-parallel adder 210. A
second input of the (11+4)Q6 adder 214 is connected to an output of the first register
202. An output of the (11+a)Q6 adder 214 is input to a fourth register 216. An
output of the fourth register 216 is input to a saturation and truncation circuit 218. An
output of the saturation and truncation circuit 218 is an 11Q6 signal, which represents
25  the output of the coefficient multiplier 200.
In operation, the digital multiplier multiplies an 11Q6 input by the factor
(2“+2b+20+1)/2k, where k, a, b, and ¢ are integers and where a>b>c, by shifting and
adding. For example, with reference to Table 4, the multiplier 0o is implemented

with the structure of the multiplier 200 where k =9, a = 4, b= 2, and ¢ = 0, which
30  yields the following factor: (16+4+2)/512 = 22/512.



of the bit-parallel adder 210. A second input of the (1 1+b)Q6 adder 212 is
connected to an output of the second shift register 204. An output of the
(1 1+b) Qowaddes01242 is 20 connected to a first input of amCTAKez)@E9 adder
214 of the bit-parallel adder 210. A second input of the (1l1+a)Q adder
214 is connected to an output of the first register 202. An output of the
(11+a) @ adder 214 is input to a fourth 35egister 216. An output of the
fourth register 216 is input to a saturation and truncation circuit 218. An

out put of the saturation and truncation circuit 218 is an_11Q6 signal,
whi ch repr esent s Thesfishghif segister gP2tshiftscher QG wppt ﬁ‘*ﬁpﬁlﬁﬁfti]té’r Dais: ﬁW :

oper ati on, i Qi : P L bk | 1 I t .f
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shi fting andegisdfl20@shiftothee K@ imput vighdl leffbyrebics ahd theatekwt &, added to the

mul tiplier a0O is inplenented, th. the structure of t ltiplier, 200
where k = 9,n°3‘5131f@51n&—‘362}n%(§1%9\ﬁ= dhe fRTLENS 3’@“%’@@%"’5&@%& Wg‘%ﬁl A fact or -
(16+4+2) 512 57 : 1 : ' it

Fogi st o 520343 f MR, (b RO i o RERI Oy e, AeR00 S MY i 1
regi ster 204visth fyteddst fre (HOBQD npsuit. sToaan (1&4b)Qoyrdsulbiis eddephto thi shaftechi f t

regi ster 206 shif the 1106 | t Si |, eft i d It i
ndded to tnovisht dnitreaeneradt by iE € e Sbmroulich g dlmddiple" | o
(11+c) Q6 bi tigeud denedid +h5Q& rR R §6brb@nish@ie Fhdrbst 2U20L8°PLwiiEh ihiREE GigBt

regi ster 204 by the (11+b)Q6 adder 212, which ﬁll el ds an (11+b) result.

The an (11+By@6bitestiich cerresdoids toalividimgdhi 2t by theofaughitshift ragisserf 3165t The

i ster,_ 202 by the (1 d aMhi ' : :
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right by k dichis218vaihedh coané@sie (DisraR)QH sipokil ig aby 1 Q& sighyl, hizhfrepretdntss hi f t

regi ster 216. The 10 fourth register 216 outputs an (1l+a+k) @ signal to
t he sat ur at itehoune afthhdigitalgpultipliercdi® 218 which converts the (1 1+a+k) Q6

signal to an 11 Iiﬁc%:egtﬂ?:Qﬂean\gﬂég%f{@g{{tgé?efn&ﬁnbiﬁ‘lt]%ngl& BH\R’%I:%TOf tzhﬁle%isﬂicia@épdo

mul tiplier 200. a ‘al _ I'crents are-conbinations o wer s
of 2, the amﬁbﬁéaﬁénlmigi%amgﬂ%@kigmmy e @l &l B icBSRficienisdp@npleRentdderya and
nt ed by

0 coefficients Ts inplene

15  shifting and adding. The multiplier 200 of Fig. 6 is an exemplary multiplier. The
shifters 202, 204, and 206 are implemented by hard-wires (fixed shift). The addition
via the adders 208, 212, 214, and 216 is performed in a bit-parallel manner. This
reduces the total delay through the multiplier 200 to n + m, where n is the number of
bits being added and m is the number of the powers of 2 that add up to the particular o

20  or P coefficient implemented by the multiplier 200.
The multiplier 200 compensates for the fact that the bitwidth of the product
output by the fourth shift register 216 increases a-k bits relative to the 11Q6 input of
the multiplier 200, where a is the number of bits shifted by the first shift register 202
and k is the number of bits shifted by the fourth shift register such that the o or 8
25  coefficient implemented by the multiplier 200 is equal to (2“+2b +26+1)/2k as described
above. (k is equal to 9 in the present specific embodiment.) The bitwidth expansion
compensation is performed by saturating and truncating the output of the fourth shift

register 216 via the saturation and truncation circuit 218, which outputs an 11Q6

result.



15 shifting and adding. The multiplier 200 of Fig. 6 is an exenplary
multiplier. The shifters 202, 204, and 206 are inplenented by hard-wres
(fixed shwDtop/o6liie addition via the adders 208, 212, 214pCanbo2a®s? s
performed in a bit-parallel manner. This reduces the total delay through
the multiplier 200 to it + m where n is the nunber of bits being added
and mis the nunber of the powers of 2 t¥@t add up to the particular a 20
or (3 coefficient inplenented by the nmultiplier 200. The multiplier 200
conpensates for the fact that the bitwidth of the product output by the
fourth shift regiBieehollowmy w@ké%@ébeamcmm@ceﬁ@rﬁpgvéwmms emptoyedl aput  of
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regi ster such that the a or a 25 coefficient inplenmented by the nultiplier
200 is equal to (2a+2b+2" +1)/2k as described above. (k is equal to 9 in
the present specific enbodi nent.) The Bablgiddt h expansi on conpensation is
performed by saturating and truncating the output of the fourth shift
register 216 via the saturation and truncation circuit 218, which outputs
an 11Q6 result.Blggk:02/ 0 60ompanedCT/R@AIV 660 § RuaitiFhe Bal | gwi Ryrposes| e
descri bes m droprocessot s/ B@®:conponent s enpl oyed i|nWidthe |present spécific
enmbodi nent of| the 3IxMC filter 54 |of Fig.. 2:{ Table 5 5 Bl dck: Conponént
Read/ Wit e: Cpgnﬂl? - Bt MifBosa: ReadyfEite WdtH:  Hhadé M{cFersratiewite 1
18 Program t He™ &Y "aj or “REGT stler frequercy 70 offset |I1REYer IMcro
Read/ Wite 1 (11 Programthe (76, 80, 82) Register 116 DC |of fset The
foll ow ng talife describes generalj purpose Tfegi sterg enptoyed rmthe

IIR Filter Micro Read/Write 1 11 Program the
(76, 80, 82) | Register 116 DC offset

The following table describes general purpose registers employed in the

present specific embodiment of the 3xMC filter 54 of Fig. 2:

10
Table 6
Block: Component | Quantity: Bit Purpose:
Type: Width:
Phase Latch 1 20 Storing
Accumulator Phase
70

IIR Filter Latch (z") | 5 (perIIR 11 Delay
(76, 80, 82) filter) Elements




present specific enbodinent of the 3xMC filter 54 of Fig. 2: 10 Table 6

Bl ock: Conponent Quantity: Bit Purpose: Type: Wdth: Phase Latch 1 20
Stori ng Avouniobator Phase 70 IIR Filter Latch (z-1) 5 (p@cTiusR/amsdel ay
(76, 80, 82) filter) Elements WO 02/060114 PCT/ US02/ 00089 37 The foll ow ng
tabl e descri bes adders enployed in the present specific enbodi nent of the
3XMC filter 54 of Fig. 2: Table 7 5 Bl @&k: Conponent Quantity: Bit Type:
Wdth: Phase Accurnul ator 70 Adder 1 20 IIR Filter (76, 80, 82) 7 11 (per
IIRfilter) Adder 4 6 2 5 Rotator 72 Adder 4 6 Thus, the present

i nvention has bededédtowibgdtabler dessrilps rpddess epraploaed gnathep Rreserty prgcific

enbodi nent for. a. partigul Pl i @n.,.Those having ordinary skill in the
art and acceﬁgéboggget%é)%B}eéylé?ﬁtg{é%ﬁyn%g'%\'/i |1 recogni ze additi onal
nodi fications, 10 applications, and enbodi nents within the scope thereof.

Table 7
5
Block: Component | Quantity: Bit
Type: Width:
Phase Accumulator 70 Adder 1 20
IIR Filter (76, 80, 82) 7 11
(per IIR filter) Adder
4 6
2 5
Reotator 72 Adder
4 6

Thus, the present invention has been described herein with reference to a
particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications,

10  applications, and embodiments within the scope thereof.

It is therefore intended by the appended claims to cover any and all such
applications, modifications and embodiments within the scope of the present
invention.

Accordingly,

15
WHAT IS CLAIMED IS:




It is therefore intended by the appended clainms to cover any and all such
applications, nodifications and enbodi nents within the scope of the present
i nvent i onwOAewmeridd ngly, 15 WHAT IS CLAIMED I'S: WO 02/ 060PC4/UuRe¥Hdgsn2/ 00089
38 CLAIMS 1. Afilter for a wireless comuni cations system enpl oying a
multi-carrier 2 signal conprising: first neans for extracting carrier
signal components fromthe nulti-carrier38 4 signal; and second neans for
filtering the carrier signal conponents to generate a 6 denodul ated and
filtered multi-bandwi dth signal. 2. The filter of Claim1l1 wherein the first
means includes a rotator. 3. The filt&LAMEl aj m 2 wherein the
multi-carrier signal is a 3x bandwidth 2 nulti-carrier signal having three
carrier conponents. 4. The filter of Claim3 wherein the three carrier
conponents include & €G&et for a Rirelesy ca@nmuaichtddns system enploging amultgbdrrier
carrier. 5. The filter of Claim4 wherein the center carrier, the left
carrier, ZancFlgRbCODPHEIBEt carrier are separated by approxi mately 1.25 MHz.

o The filter of (hfBans WiCERIAihDRatRl Al LOmpUSaR: FRAN e RuBelAer I vely
cl ock o}

2 rotating the nulti-carrier-signa se or counter clockw se t
gener at e 4t hesigred;tandcarrier or said right carrier, respectively. 7. The

filter of Cdaim6 wheyein the rotator is a lookup,table raotator. 8. The
filter of O aim SCRHEF RN HET JOETHE HEaRETiEn IR LOBPORA Pt EENESTP i) so
Response | | | @mdduldi&l ada¥iitei®d £0it8andvRdth $gnahape of the nulti-carrier
signal. WD 02/060114 PCT/ US02/ 00089

2. The filter of Claim 1 wherein the first means includes a rotator.

3. The filter of Claim 2 wherein the multi-carrier signal is a 3x bandwidth

2 multi-carrier signal having three carrier components.

4. The filter of Claim 3 wherein the three carrier components include a center

2 carrier, a left carrier, and a right carrier.

5. The filter of Claim 4 wherein the center carrier, the left carrier, and the

2 right carrier are separated by approximately 1.25 MHz.

6. The filter of Claim 5 wherein the rotator includes means for selectively
2 rotating the multi-carrier-signal clockwise or counter clockwise to generate the left

carrier or said right carrier, respectively.
7. The filter of Claim 6 wherein the rotator is a lookup table rotator.

8. The filter of Claim 1 wherein the second means includes an Infinite

2 Impulse Response (IIR) filter for matching a pulse shape of the multi-carrier signal.



39 9. The filter of Caim8 wherein the second neans further includes nmeans
for 2 conpensating for pre-equalization effects on the nulti-carrier

si gnal towpimiosilize phase non-linearity. 10. The filter ofPCTEoOM®dsNherein
the TR filter is a 5th order elliptic HRfilter 2 enployed as a 1x

| owpass filter for | owass filtering the carrier signal conponents, where
the carrier signal conponents define thrid® data streans separated in
frequency. 11. The filter of Claim10 wherein the HR filter has a cascade
direct formlIl 2 structure. 12. The filter of Claim1ll wherein the |IIR
filter is characterheltenofiHaim 8 wherein fiengoendmsmsriurtherdnelydes meansfpr o

flotz-1 f ( 1z 1
ca02s.2 Lrarteoriyind O plabutgnd Tk oot mbfeexfs Aefin' o) giniki)

Al, 002, fl JhaseMon- lﬁﬂneamy.Al, and fl22 are predeterm ned constants, and z |s
a conplex variable. 13. The filter of Caim 12 wherein aoo = 222/512, a0l =
-895/512, a02 = 2 414/512, all = -445/512, a2l= -921/512, a22 = 476/512,

, 1300 = 7/ 64, A 1m®. ﬁ{e&ﬂter/o‘f’@laim @ ivbdrein e QIR filtt 64, a A" lorder 4l1plic IBHREO =
88/64 #21 =-104/64, and f22 = 88/64. 14. The filter of Caim1l further

i ncl udi ng meardoyedrasa K d?‘ﬁbasé\f’étﬁf fesjoypasstiligsimgsthe cagrige signl ¢qmpagients) 5.

The filter 0 es 2
reans for sodlmacerair iR dholf AT G AR PELL] Rt ikl
L-infinity norm WD 02/060114 PCT/ US02/ 00089 40 16. The filter of O aim 15

wherein the neans, f S I ¢ (o] W by
shifting and add?lr%goﬁie?ﬁﬁélrlh&q?hﬁ 18%%%‘ ﬁggh\t/a?élrase%r?ta%g? g?%aértgg%#ﬁhe
filter have sgubiute.wi dth of 2 11Q6. 18. The filter of daim17 wherein
adders of the Ilk filter are saturating-type

12. The filter of Claim 11 wherein the IIR filter is characterized by the

~No

following transfer function:

4 H(z) =0y, (,300 + ,5012_1 + 18022_2) ) L_BJO T ﬂuz_]) . (ﬂzo + Bz + 13222‘2)

(1 F 7 F aozz‘z) (1 + afnz") (1 +ot, 7 + azzz‘zy

6 where Olgo, Ol1, Oz, Oh1, Oo1, Og2, ﬁ)o, ﬂm, Boz, ﬂlo, ,511, ,320, ,321, and ﬁzz are

predetermined constants, and z is a complex variable.

i

13. The filter of Claim 12 wherein olgg = 222/512, Op; = -895/512, Oz
2 414/512, oy = -445/512, 0py = -921/512, Oy = 476/512, foo = 7164, o1 = -3/64. [z
7/64, Bio = 4164, i1 = 4/64, B = 88/64, 1 =-104/64, and [ry = 88/64.

N

14. The filter of Claim 11 further including means for avoiding overflow at

2 nodes of the IIR filter.

15. The filter of Claim 14 wherein the means for avoiding overflow includes

2 means for scaling signal values at the nodes in accordance with the L-infinity norm.



2 adders. 19. A receiver for a wireless conmuni cati ons system conprising: 2
a receive section having a Radio Frequency (RF) to Internedi ate Frequency
(I'F) circeotzasdien |F to baseband circuit; 4 a multi-car ®PCarush2/hioey in
conmmuni cation with the receive section, the nmulti- carrier filter having: 6
a first lowass filter for filtering a first data stream a phase

accurul ator coupled to a rotator, 8 a seHbnd | owpass filter for filtering a
second data streamoutput by the rotator, and 10 a third | owpass filter
for filtering a third data streamoutput by said_ rotator; and 12 a Mbile
Station Nodem (V) Hrsuptcat Claimmb> whewsin i wpraas farisealing inelydespylipplior

| owpass f,il ter,, : i g@(ﬁﬁ filter. 20. The receiver of Caim1l9
wherein tzhe tﬁ%tné@gphésﬁ%l elé‘gﬁ}écgns %r rotating 2 an input conplex signal
cl ockwi se and counter clockw se to generate the second and third data

streans, respectiyel . i f ' [ g Lye
section includes ll\\b/gb?( eeaﬂir Jgrgllaglgcl%e%gr\?@ r§gg%%#?%%%32%é%‘te‘?ﬁ?€%t -end
circuitry indiQedi ng pre- equalization conpensation circuitry. WO 02/060114
PCT/ US02/ 00089 41 22. The receiver of Claim21 further including neans for
selectively 2 bypassing the MARS pre-equalization conpensation circuitry
in accordance W t18. arhdmg AfCIAIRE 17 8gRIIE a8®Ed bPthe IR filtdharelseigdtin@rty

Claim 22 wherein the first, second, and third | owass 2 filters eac
include &n eéddestic Infinite Inpul se Response (IIR) filter for facilitating
| owpass filtering of said first, second, and third data streans,

respectively. 24. The receiver of Claim23 wherein the elliptic h Rfilter
i ncl udes a first 19. A receiver for a wireless communications system comprising:

2 a receive section having a Radio Frequency (RF) to Intermediate Frequency

(IF) circuit and an IF to baseband circuit;

4 a multi-carrier filter in communication with the receive section, the multi-
carrier filter having:
6 a first lowpass filter for filtering a first data stream,

a phase accumulator coupled to a rotator,
8 a second lowpass filter for filtering a second data stream output by the
rotator, and
10 a third lowpass filter for filtering a third data stream output by said
rotator; and
12 a Mobile Station Modem (MSM) coupled to the first lowpass filter, the second

lowpass filter, and the third lowpass filter.

20. The receiver of Claim 19 wherein the rotator includes means for rotating
2 an input complex signal clockwise and counter clockwise to generate the second and

third data streams, respectively.

21. The receiver of Claim 19 wherein the receive section includes Mobile
2 Analog Receive Section (MARS) receiver front-end circuitry including pre-

equalization compensation circuitry.



2 section, a second section, and a third section. 25. The receiver of Claim
24 wherein the first section includes a first adder, 2 an output of the
first addeoocosmected to a first digital delay and to a fiPCTtUSsSZaioRNhg
circuit ((300), an output of Poo connected to a first input of a second
adder, an output of 4 the first digital delay connected to an input of a
second digital delay, an input of a sectnd scaling circuit (-aol), and to
an input of a third scaling circuit ((301), a first 6 output of the second
digital delay connected to an input of a fourth scaling circuit (-a02) and
a fifth scaling 4% culhe (re@u@y ofo (g Slofurthee iveluding Bwany 4orr tsﬂe%tl:"ém ng

circuits, (o) t A t puts
of the th| r(ﬁ ygﬁ%ﬁﬁa@tg scaP fénééiﬁgﬁ%ag‘éptcgm{(ﬂ%@%ﬁ 1%21%{11: P%%Z{ %%%rndgg?eggmtp gau

i nputs of thao&esfandraadidesectiond an out put of 10 the second adder
representing an output of the first section, an input of the first adder
representing an input of the first section. 26. The receiver of Caim25

wherei n the secorxy. sggtiredives dfClainh @2ewher@inb@t Ve sedvmdf bnd thiskwpass and
the third section, the second secti on bei ntlg simlar to the first section
¢

with the 2exddlsrs erch mstude e alliptisn infimitg lnpulsedResponsed IR efiltes fior acalifating f ¢ h
4 scaling ci relate sociated with
the first, slgglgb%%ﬂ%%gg8%%1%%2%5@@8{&5@C| rcdl%ilfatm&n?l Le‘%%ﬁl rd section are
di fferent than correspondl ng val ues associated with the first, second,
third scaling cirgui [ 2/ / 89
42 27. The recei Vver i?l ° &%l Ve?fg d\/\?itglr Zlg(r‘?$ égntt%%@l%{slggﬁéﬁtefgrcéﬁgﬁagg o the
first 2 ssecdettivh, wistdbntRectins et 4 thirdidaedionrone or nore val ues associated with
the first, second, third, fourth, and fifth scaling circuits of the second
section differ fromvalues 4 associated with the first, second, third,

fourth, and fifths C’iihé ﬂﬁel%f 61UCIa$mQI4 Whéreinl the tﬁrst%eatdnomclua& a firsiAtdere
multi-carrier filter rising: 2 first nmeans for separating data streans

froma m2 tianceytppteef &e adc!fﬁd:ogmddt%éﬁ@ digitalfdelayepichip & Hastsepbingit ed

data str eamsci}c?ntq&of ra%to%tgu't lo% 800 connected to a first input of a second adder, an output of

4 the first digital delay connected to an input of a second digital delay, an input of a
second scaling circuit (-0l;), and to an input of a third scaling circuit (8o1), a first
6 output of the second digital delay connected to an input of a fourth scaling circuit
(-02) and a fifth scaling circuit (Be2), outputs of the second and fourth scaling circuits
8  (-0p; and -0ly) connected to inputs of the first adder, outputs of the third and fifth
scaling circuits (Bo1 and Boz) connected to inputs of the second adder, and an output of
10  the second adder representing an output of the first section, an input of the first adder

representing an input of the first section.

26. The receiver of Claim 25 wherein the second section is positioned
2 between the first section and the third section, the second section being similar to the
first section with the exception that the second digital delay and the fourth and fifth

4 scaling circuits are omitted,
wherein one or more values associated with the first, second, and third scaling
6  circuits of the third section are different than corresponding values associated with the

first, second, third scaling circuits of the first section.



4 output signals in response thereto. 29. The nmulti-carrier filter of daim
28 wherein the separated data streans 2 include a center data stream a

| eft dat awetemenmi4 and a right data stream 30. The nul ti - eamriser/odose t er of
Claim 29 wherein the first neans includes a 2 Look-up Table (LUT) based
rotator coupled to a phase accunulator. 31. The multi-carrier filter of
Claim 29 wherein the second neans includs a 2 3x nulti-carrier filter for
filtering the center data stream the left data stream and the right data
streamto nmaximze signal-to-noise ratio. 32. The multi-carrijer filter of

C ai m 31 wher ei n 2heBraeaiver of Glaime}o whereisythe ihlr%ffqyeaés sinpilaF 4@ theoligshs s
filter f f g I iy for
{11 tering t nech iyt (heBxpAbEindiTh of widfe Thufs ARE0RR, PRl shodil | g
the left 4 dhird, $éurthamndt fifh fdcrlsig cﬁeuumndf tlamdedohdr sd:ctlommffsr froht ea]:uesaach

i ncl udi ng nmeans for npensati ng far ndwi yal i zagion_ and
neans fort ac‘%?é?ﬁ%%f"i"g‘gtheélrﬁhlsg‘é) hﬁb’i’dngo gffg'tjg%ﬁf‘%%é{c @hf@dﬁm

mul ti-carrief.ghpnal. 33. The multi-carrier f| Iter of Caim32 wherein the
means for 2 accommpdating and the nmeans for conpensating include an
elliptic lowass Infinite Inpulse Response (IIR) filter. WO 02/060114

PCT/ US02/ 00089 3 L= ] | of Claim 33 wherein the

| owpass HR fil tefzosl SAgngﬁpg]ﬁ@htg?%%?metheﬁroéédg}ﬂ R filter having cascaded

| ower order sub- ffidst @eans fBBsepIﬂaeing‘dhthistremsrfran afmubltiecarddr siimal;amd@4 wherein a

transfer function of the 2 lo ss IWfilter sel ected to acco te a
predet ermi ned er r¥%FOMe152Es tf%\flvﬁe’a’&%é%tgg’afﬁ? |dﬁEaeFtr??§?sr foelgeri%?tﬁrfﬁm%‘ﬂ

inter chip i QipufRmBRGE resPBscRES:

29. The multi-carrier filter of Claim 28 wherein the separated data streams

2 include a center data stream, a left data stream, and a right data stream.

30. The multi-carrier filter of Claim 29 wherein the first means includes a

2 Look-up Table (LUT) based rotator coupled to a phase accumulator.

31. The multi-carrier filter of Claim 29 wherein the second means includes a
2 3x multi-carrier filter for filtering the center data stream, the left data stream, and the

right data stream to maximize signal-to-noise ratio.

32. The multi-carrier filter of Claim 31 wherein the 3x multi-carrier filter

2 includes a first lowpass filter for filtering the center data stream, a second lowpass
filter for filtering the right data stream, and a third lowpass filter for filtering the left

4  data stream, the first, second, and third lowpass filters each including means for
compensating for 1x bandwidth pre-equalization and means for accommodating

6 pulse-shaping associated with a received multi-carrier signal.

33. The multi-carrier filter of Claim 32 wherein the means for
2 accommodating and the means for compensating include an elliptic lowpass Infinite

Impulse Response (IIR) filter.
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34. The multi-cartier filter of Claim 33 wherein the lowpass IIR filter is a 5™

2 order elliptic IIR filter having cascaded lower order sub-filters.

35. The multi-carrier filter of Claim 34 wherein a transfer function of the
2 lowpass IIR filter is selected to accommodate a predetermined error metric that

accounts for inter-carrier interference, inter chip interference, and noise.



