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RELATED APPLI CATIONS [0001] This application clains
the benefit under 35 U S C 119(e) of provisiona

SUBpS YMBQK %ARALI@L INTERE B&}N CBLL,ATION
entitled "Ml ti-User Detection Technl ques for , CDWA "
the entire. contents oflnwhioch are hereby i ncorporated
by reference. BACKGROUND OF THE | NVENTI ON Field of
the I nvention: [0002]JanksiPsDunysnti on rel ates general ly
to communi cati ons, norfehpd Fiteul arly to inproving
comuni cati on syst equpficiVrswpae t hrough interference
cancel |l ation, and still nore particularly to inproved
cancellation of nultiple access interference in a code

%L!Lf%éﬁbgﬁ'ﬁ"%ﬁ%ﬁ%f‘%ﬁ?’e RERALLS QRO on

MU Access, provi_d effective,
fooo1} g Hiap%gla“é%g?%é g‘if 3§§3§K§I118@P§Pﬁ°&s§ﬁ’ﬁ} e a
comTunl cations channel. Unfortunately, when the
 application AA(AABRESS, dlehiouay 2 @adeitled KdwehisenDeisnion Tpkmiques for
recei ver perfornms poorly and nultiple access

CDMA,” tht ehtérefcontents ef (vhidhl 4r¢ haaby hevpbeled Hegladee.

_h

performance. Al though the optimal maxi mum 1ikelihood
receiver in this case is easy to describe, it is
nearly inpossible to inplenment. ;[0004] Various

conventi ona vattt ence

cancel | at i 0?1; ?eﬁ%&gﬁﬁbgpﬁggel I\g{‘/frgglgl -l evel
Field fthnEnChFd filters can provide a sufficient statistic for
LIS OLUIRNCEIH er det ection WO 2004/ 070958 PCT/ US2004/ 002318

(" D!) in.an_additive white Gaussi an noi se_channel .
[0002] ThT}élS wventignrolates genarally soeppyaeisatignsymore particularly to improving

-communication system performance through interference cancellation, and still more particularly
to improved cancellation of multiple access interference in a code division multiple access
communications environment.

Description of the Related Art:

10003] Code Division Multiple Access (“CDMA”) provides an effective communications
technique for several users to share a communications channel. Unfortunately, when the channel
‘becomes overcrowded, the conventional CDMA receiver performs poorly and multiple access
interference (“MAI”) can severely degrade performance. Although the optimal maximum
‘likelihood receiver in this case is easy to describe, it is nearly impossible to implement. A

[0004] Various conventional techniques examine interference cancellation at the symbol

level. Symbol-level matched filters can provide a sufficient statistic for multi-user detection



the optimal user bit estimation procedure canbe
witten at the synbol |evel. Accordingly, these
wo aMouesEonvent i onal MJD approaches- use synbpdFIS2004/002318
estimati on and cancel |l ati on approaches However,
iy .~ Lhese synmb | -1evel technlques are on apprOX|nat|ons
(“MUD ) ingniadditiye whig Gagsviannaiss chagng). Thys bgn eqngHdggpthat
that these synbol |evel approximtions fully expl oit
the optimat wiser bit gstishationpuetednzs. canbe §aBien atithetsymbal feyel. Accordingly, these
conventi onal procedures -can involve the follow ng

various cof@iifibizA MUUD appivaclespedsymil{iévet estndtioh a0d 0aflellifon approaches.
interference: (1) interpolating the data for each -

:However, st ?ﬁmb()p JRREL tectﬁﬁcﬁ'fek AR orliPa r#i@xﬁﬁﬂ'@ﬁé foGhé rh&leesﬁxﬁlattop @nd

S|gn re wavef or ch|p center) 2 conp tlng

e BB LB Bl P ET -,
) e wavef orm of the mhole synbol bac t he sanpling
T0005] rA@dIB?naﬂlbfec%?r&ma H@F?@f«?ﬁ cap Hyog%t% ﬁﬁm% compyjafigally
Sone sanpl e-1 evel approaches have been proposed. One
expensive proaesslfer aasedling intexfetteneas §L)snterpedatinig the data forl aagh soresd (rase
| i kel i hood estimator ("N LE") approach, which can be

,statlon) to tiRedmpEng hftice o hessiglrairs wanefoar dlde kentdiii (2) ddrhputing the bit
approach can be purposed as -a single-stage anal og

estimates {8 &fch %§erué}P E‘ﬁltﬁésﬁzﬁﬁg fheatte’ 8Hs Bdhar Al akdidign b&?@(ﬁ)
‘pover |eVve Al'though relafively easy to 1 nplenent

interpolatilﬁg]hﬁé %va@@i%%nﬁ af H%Sw}ﬁ{lg cﬁﬁ'?"é{%ﬁ‘%g%dt}}% h i plﬁlé é:gd of RE gﬂa i u}():enrform

nterrerence ca onlem renedy s

shortcom ngs, |inear m ninmum mean squared error (MVBE)
'thecm“mna? ¥thni ques, such. as those based on standard
) applications of the Kalman filter and other | east-
{0006] sqﬁfm level appeaacissdiave beandrprosgd.cne gxarapigages a -
un-cancel l ed interference. These techniques fully
continuousdtonp(ie., tha@ogleasmimebkdlihbodestmatar (LAY approach, which can be
conput ations) and performinterference .cancellati-ons

used as contthublieddeitivivREdbatk.t TRIMNDE bpgrohdH datilbe pﬁ@;ﬁféédj k@ bigle-stage
they remain quite corrput ationally expensive. 2 Case

‘analog proée%@ &QB% Qrg cX&QrcﬁEﬁg{ 30 ﬁ@@uﬁ%éd&é%@@ 4 ORRR G Jwefaﬁ%i?]easy to

escri niques are al so COﬂSI ered

1mp1ement tgv ese agﬂgo&clg glge %ogﬁ %[glg e&retlfggﬂr/[ﬂ%t)%fafpp&xg 1nte e des gc%if’atlon

W th the deyel opnent
sproblem. To remedy such shortcopmmgs linear minimum mean squared error (MMSE)

‘techniques, such as those based on standard applications of the Kalman filter and other least-
squares generalizations, could be used to reduce un-cancelled interference. These techniques
fully couple the users (resulting in large métrix computations) and perform .interferencé
ﬁéancellatibns in the innovation term in the filter. Accordingly, they remain quite

computationally expensive.
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of synbol -1 evel MMSE receivers, nulti-stage parall el
i nterference-cancellation (PIC) nethods have been
waeleweloopssl. I n nulti-stage PIC formrul ati ons, cPABUS2004/002318
matched filters are applied to the difference between
. : receive signal and the sumof the interference
10007} s. %@V@ describecdigchmigiasarralso prmsidemddo be sigsle stagssdgorithms.
' mul ti pl e stage designs remai n i nadequate. x[0008] Each
Multiple stafze titregnsdravealso beeal considénad o Hesexampie, reparalidwith the development
either be too conplicated to enbody in practical

of symbol-2@Rl MMSE eatsive] multRelagsigdrelléd] intt:@6RecOfanddliativh (P#Y) methods
cancel l ation i n actual usage Thus, techni ques for

e G AR TR o

-difference B%&%ﬁ? F{?ﬁ%\%ﬂ&fg u@WEﬁiﬂ &mﬁng%t%?%% S@Q@f Bs esz?tpcﬁl' from the
one enbodi nent asynchronous CDVA systens using | ong
previous siggeeShesp omimle stage destgmsreanymadsqyde-al | el i nterference
- cancellation (PIC) on a chip-by-chip basis.
10008] - PaEachmfltter dopyerdiodaldechmiquts bavesrogn fouidnto ritherdre teojcanglicated
error (MVBE) estimate is applied for each user at

1o embody€a puctitdlRpslavatioss, of Mad&pdteGh tétislof REAIVIAR c&NARINGN actual
: synbol estinmate. According to another aspect, the .

: usage ThisS g ﬁtﬁékdfafrbd?l'éé’l A3l ag@ gﬁ@ﬁlﬁ 1&% gﬁ%ﬂﬁaﬁ WRRLHPC

a condi't | onal exp ctatlon yl ng
di stribution. This results
provxdmgé?fectu%}%%% Slrk}'ré)ﬁggm% t(‘ A?’Jls hi gh as the singl e-user.
bound, even at high | oads. Furthernore, these
techni ques significantly outperform conventional ones
at an affordabl e conputational cost. [0011] Another
aspect of th&W@%QFV’HﬁEiIm'EL@NS mul tipl e user
~ interference in a conmmunications systemwherein a
[0009]  pl Tiegiredeyt infentionaeduceoNMAIh Catnenumations sSBRiRfindherRABodiment
by 3 Case 58010-00602 WO 2004/ 070958
asynchrondtle CIHMA084(c832131h8 lonEésleyi Ng a set of data (e.g.

baseband. dat a) that provides a plurality of di screte

{0010] Vad)ﬁ’eet%c é:%ar?ﬁel PiStf eﬁé’ ri%ﬂ!:el aﬁ&?@i@g {‘,E pf%y-chelﬁ%asw

t han a perlo

Partioularly, &@Pwk‘aﬁ%ﬁ%@?ﬁnd'wﬁ Sl S BB BY esimateisagpplicd for

sone of the
each user at each time sample instead of waiting for a complete symbol estimate. According to

another aspg:ct, the psendorandom properties of the spreading codes lead to a conditional
expectation based on an underlying mixture-of-Gaussians (MG) distribution. This results in
performance nearly as higﬁ as the single-user bound, even at high loads. Furthermore, these
techniques significantly outperform conventional ones at an affordable computational cost.
s[0011] Momer aspect of the present invention cancels multiple user interference in a

communications system wherein a plurality of users communicate over a shared channel by
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plurality of users to a conmon sanpling lattice of the
recei ved set of data. This aspect- can be applied to
wo 20040u53UD appr oaches including the M xed GapGBHUS2004/002318

Denodul ator, PIC, Partial PIC, and the Decoupl ed
Kal man Denodulator and provides a substanti-a

receiving gt AT §-rP2eehrp dat) that Biokides & RluralHY of fistretd winesproduced
the binhary signature waveforns can be performed easily

at a sub-symbohintevcil tipt it lass thay a fillbsyad®] péreod, andeghimiating bits @6r aasyatbol
source to chip center requires filtering operations

- correspondirpvla\ivigh dseBbly Iﬂt@ﬁﬁhtlﬂigﬂhb IsTEnytuBEwHVEFbMsSfos hif 1684t Y6186 of the
x[0012] Ot her aspects of the present |nvent| on include .

sty o4l A A S S
oo M R R e

r%vwwow MJD al gorithns. MJD al gorithns

PIC, and ﬂ@%ﬁa BledKBimaTRempENptar &M Rrewids @suhsw@n%créduqﬁ@nm semgplexity
Gaussi an Dermdul ator, PIC, Partial PIC, Decoupled

since the interpetatiorDefithd bimt;oslgnatmemetvyfmmsl carube perftrmgé edily with lookup
met hods. [0013] The present invention can be enbodi ed

“tables, wheldas VI intiSol &tunas, eab N sduiiel 10 GhipdERtét edquiresRit&MRéReations
- nmet hods, conputer. program products, conmunications

involving t?aﬁﬁfo%ﬁﬁnﬁﬁl?yl}n%c%fume strdcﬁﬁéé vers, transmitters and
transcei ve ke. BRI EF DESCRI PTI ON (J: THE

S
wonzl OTRENGR AR w3 oS B BB
detection (J{/Iﬂ&by dis sl)a?a%l%grel hebﬁq?,]léécglvé%n ﬁeol . cat ] \%%S:M) algorithm

whi ch: [0015] FIG | is a schematic d| agram
. archltectum that, Supngh e selactionddinmpdete grindfasteraidaenon-liukar Gmstion, can
58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318 [0016]
implement Far@@usMUD). dgerithewelViUD digagtham subporddriatthe BMSM architecture
enbodi nent of a parallel pilot channel acquisition

include the ixt@ BausshB¢mbdiffatos PIS, Parﬁﬂ'ﬁ@abb&ugle@q{aﬁﬁi‘an Demodulator,
: illustrating an embodi nent of conpl ex ambi gui ty

. and hybrid multi-stage MUD methods.

[0013]  The present invention can be embodied in various forms, including computer
implerﬁented methods, computer program products, communications systems and networks,
receivers, transmitters and transceivers, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
10014] These and other more detailed and specific featﬁres of the present invention are
more fully disclosed in the following specification, reference being had to the accompanying
drawings, in which:

[0015] FIG. 1 is a schematic diagram iilustrating an embodiment of a receiver.
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function generation usable with the parallel pilot
acquisition systemof FIG 2. [0018] FIG 4 is a
wa@edwemadse di agramillustrating an enbodi ment PET/ES2004/002318
active user detection nodule usable in the CDVA
, communi cations receiver of FIG 1. [0019] FIG 5 is a ,
{0016]  scRERRtis ¢ sclicaptiadisgrdm situsabtimgamemboiimdntefiat papdlleh pilot channel
propagati on channel estimte and code tracki ng nodul e
acquisition’$@kin€ 1 n the CDVMA communi cations receiver of FIG 1.
100201 FIG 6 is a schematic diagramillustrating an

100071 SRS SO el 43,6 g
fnion s R SRRIED G AT LA SRRE T ©1 2

, schematic diagramillustrating an embodi nent .
- 10018]  of Flgy 45 a sehsmatia diagran djustraingan erbpdimentof grastive ssepidetection
: the present invention. ;[0023] FIG 9A is a schematic
module usable g tienGDMAstomahimicatins esthiver ofFiG.df a nul ti - user

detecti on processing nodule in accordance with the

{0019]  prEERBts b BotRAtatio AiaghRR AstrhtikgSan &ﬁ)&ﬁn@ﬁtﬁ?ﬁfﬂiﬁﬁ@faﬁé?n channel
a

diagrams illustrating other enbodinents o
estimate af¢dde thhekihe nfdhRGIshHE i@{lﬁ@?ﬁm&lﬁﬁmﬁkﬁio&(}%&%ﬂ BFrfiG. 1.
9G i1s a schematic diagramillustrating another

; e i.ment .of lti-user ...detection prqcessing ..
fo020]  UERE 6 RiotRimalle ety i L G0 el S RIPT efration usable
] 10026] FIG 10 is .a schematic diagramillustrating an
mthchamgﬂ%gql%ﬁtd@ﬂega&]ggg ofi}FiX*ude estimator for a
mul ti-user detection processing nodule. 5 Case
{0021]  58BIH 7096 schewdtic iy 07 10BEBatREHBABON ST 2E 3Pilof CGRTation
FIG 11 is a schematic diagramillustrating an
module. enbodi ment of a -signature waveform synthesizer.
[0028] FIG 12 is '"a schematic diagramillustrating

[0022]  anpIeBROS bERAatie Hiadrath AnsRhtthe dddreSdaRth 8t P RdHidth S multi-user
used in the signature waveform synthesi zer.

detection in accordance with the present invention.
‘ [0023] FIG. 9A is a schematic diagram illustrating an embodiment of a multi-user
detectioﬁ processing module in accordance with the present invention.
' 3;[0024] FIGs. 9B-9F are schematic diagrams illustrating other embodiments of a multi-user
detection processing module.
[0025] FIG. 9G is a schematic diagram illustrating another embodiment of a multi-user
detection processing module, with recursive multi-stage functionality.
10026] FIG. 10 is a schematic diagram illustrating an embodiment of a user amplitude

estimator for a multi-user detection processing module.
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[0029] FIG 13 is a schematic diagramillustrating an
.enbodi nrent of nultiple stage decoupled MJD

w@e@dna®ssg. -[0030] FIG 14 is a schematic di BQr/af2004/002318
illustrating an enbodi nent of a stage of decoupl ed

. MUD processing. [0031] FIG 15 is a schematic diagram
‘f[0027]‘ i | FUGH I8k iasghenmatieddimpdarmmilhistafingat @abodimest MdRignature Waveform

' processi ng el enent. DETAI LED DESCRI PTI ON OF THE

synthesizdrNVENTI ON . X[ 0032] In the follow ng description, for

' pur poses of explanatlon numer ous details are set

fovzsy (ORI gl glg Bl AL RS R 5GP A

r.es |nvent|o However, it is and mnll be
mterpolaﬁgapfﬁ%ﬂf od i he;FEnaRIFY WGP SHIEHSSIZSE ¢ hat cer t ai
specific details are not required in order to
[0029] . p Fé@t 13dis asplenpatiesléapram iNustretiegan erobodimgatrgfineyltiplestage
detalls of one aspect of the i nvention may not be
decoupled’MUID p@dessimgpr act i ce anot her aspect of the present
‘ i nvention. For ease of description, the description is
. 0030] SCPRRG.24456 alsBAnAHHR R, ilh&Gath OAPhBs iRk (ﬁgl & e of decoupled
.~ various aspects of the present iInvention.
Nﬁﬂ)puk%%#n.@ted. each aspect of the present |nvent|on can be
ied in various forns, including conputer

ooy TR £4 PELde copUter, B SR BrOtel S e o

, transn1tters and transcelvers and the |ike. For
processingglgmghte, in one enbodi ment a hand hel d devi ce such as
a cellular tel ephone includes conventional nenory, as
6 Case 58010-00602 WD 2004/ 070958 PCT/ US2004/ 002318
well as a processing unit for executing instructions
provi depETATHD DES CRINEON OFBRTHEINCERTION
. techni ques are used to inplenent the various
.?[0032] t ek IGsvilE 39§chpf§61ﬂ 6y ﬂﬁ{;@éeg of Bc tlz{i“%ﬁoﬁ YW Qetails are set
sections, as” prov edby SO tmare cén e store |n
ernat i of .t wa can
foth mcl%ﬂ?%% e G el Rant e AP Féaa\dglg(oﬁae Fmde
e S, furth ...when th
| ‘embodlmqnesqfrthernem “}YPE‘%‘?’H SEOW%HEIS% 4 & apipagenit e g delled in the

conmput er i npl enent ed
.art that certain specific details are not required in order to practice the present invention. For

example, the details of one aspect of the invention may not be required to practice another aspect
of the present invention. For ease of description, the description is separated into separate
eections pertaining to various aspects of the present invention.

~[0033] As indicated, each aspect of the present invention can be embodied in various

- forms, including computer jmplemented methods, computer program products, communications
systems and networks, receivers, transmitters and transceivers, and the like. For example, in one

embodiment a hand held device such as a cellular telephone includes conventional memory, as
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processes result.. :[0034] - According to one aspect,
the present invention provides nulti-user detection
wQ@ MdDp79exhni ques that may be used in a CDVA PCT/US2004/002318
conmuni cati ons system The MJD techni ques receive
conpl ex baseband di screte tinme input, inplenment
well as a ppegeasinghnil firexéamiting testweias|pretidahin nidh@)y, Canderpienflor m
~ estimations at a sub-synbol |evel, preferably on a
programmixty techiiqueb bt 1ed isimplement the GARuY Bchhiqués deséziD¥ in G6thil in the
phone), these techniques inprove performance by

following Seclibfid, b ﬂ)vﬁc{bﬁ bﬁgméoﬁé& dafl I'be 'gjﬁ!réd 1@' tﬁ? RACHOH® Alternatively, the

|nterfer nce, realve

ti,on cost . ordi to it spect s
same Soﬂ‘?rrg‘gmﬁe 78R RN sppnll rrradﬁgkemﬁrﬁe R CREEEE). sdn
. estimation and non-linear functjons to furt her
further, Wh %Wétrrlﬁroeﬁ PErvadrddyhn seltware resrexapried, compaies uplgmented
. | inear and single stage techni ques. 0035] In one
processes raslbdi ment, the present invention inplenments with the
users coupled only through the interference

[0034] cancedrliagit®one Wpeciithe peesest iRVentio iphsiAidls et is&ia¥Retion
sanpling lattice. By way of introduction, FIGs. 13-15

(MUD) te‘%’?’gﬁgf ﬁ%& %g?@eg%(n'ta;@lbﬁ{%@%ﬁﬁgnbﬂﬁ tﬁnﬁi ?s? t%.EE. ﬁ?‘f\?wqgchmques
receive coﬁpﬂexﬁa&e%cﬁ? sXx(e %tém% bnl%xr n% E}ﬁa}rg]ﬁe&Erﬁerggp%cgd;aﬁrgellatmn

functions. (which c al sQ_be referred to_ as, signature
(PIC), and pg %Fﬁgyaﬁ%ﬁ apg j‘“ bl Webal sl eneforably o @gnhrwgmé@zlsv@ 2
o 2004/ 070958 PCT/ US2004/ 002318 transnitted
receiver (egghr{sPMA. €]l phosg)nibete taehmiies irsprow pérformanet bismingmizinglthe
' v(t) = the conplex additive white Gaussian noi se.
-potential fGihmsltipleravoesatinterferahdepund do fo aeeltsey Yow E@npititdonal cost.
presence of signals y;, (t) which contain known

According®b 8aditisnd d§gecRSthRIMODStechriiR8 Fap Rhent PR 5E ﬁﬁum@dgé baSed
on. These y p (t) allow for the acquisition of

estimation %ﬁ@ ?151? ﬂgreé}mﬁlns EJ‘ﬁl?ﬁl@Pﬁﬂpqave 1B{eﬁef139me BeBRioR Wife coﬁlpared

with linear and single stage techniques.

{0035] In one embodiment, the present invention implements with the users coupled only
rthrough the interference cancellation, which occurs on a discrete sub-symbol sampling lattice.
By way of introduction, FIGs. 13-15 describe 5 DS-CDMA implementation using the received

signal model

y@)= Zy,, ® +th (B () +v(e)

p=l k=1
with ¥(t) = the complex received baseband signal, ,(z) =the complex asynchronous spreading

functions (which can also be referred to as signature waveforms), ¢, ()= the complex
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in the art. The discrete sanpling interval, the tine
between t and t+1, is less than :a synbol. period and
w@eeenAloFy | ess than or equal to a chip peri odpCT/08864/002318
FI Gs. 13-15 are schematic diagrans that respectively
illTustrate nultiple stage decoupled MJD .processing
transmitted S@iBtelRtion Bghiol atagatediwikiiBe B oees ahd ¢() 40fheicompluxadditive

det ai I and MJD processing el ement 1500 in.still nore-
" -white Gau?ﬁ‘;f s'fl}gﬁ §°%?1§i§§§§ :ﬁlrllg\k'ér" 9f MF?SHQJQ f'(ﬁfttﬁ%s%% Br %igﬁaI?

dular archlte refQ the s 71 FI
yp (tywhich SRl OBa Signals BBk PHRIRS BFMAES w@a@#egén s pT%eae
. MJD processing 1300, particularly show ng how pil ot
- y,® allow ﬂir@l‘ief RIGARARN! oF c6ER6R IchfthePidorkteiBn ARRn ©shd 90 o as is standard

mul ti st age "..setting (other inplenentations can use
i - gne _sta The mul t.i esta srray apply.the sane
in'the art. Thedisers eéanmbegm Gl &ﬁ Pfﬁl tng ¢ 1§ lesg thap g ymbgl,

) use dlfferent MJUD algorlﬁhne for the different
period andsgengradly l¢ss thomeoriequdl éve chigtperiod. whi ch i s nost usef ul
when only limted conputational resources are

[0036] avREiGbBAS5 age {chembticliagansihdiresyeldivies; illabttaveditple stage
second stage of conventional PIC, which is itself

de i [
st XSt o %@&a%%fz?ﬂm S

‘ 2S t.i on

MUD process gf%%n 8{1 150@ il %’lg %eﬁm?agla £ z a G %ﬁér {lllg trg% bo?h the

flow of su tgpg;sgzggg@agngﬁ@gggg%mpg i grghitoctire for the st

' pi | ot/ preanbl e/ m danbl e S|g@§I§ are al so reconstructed

10037]  anBIG.Jdsdlustrtes aneaibodipeent phaultipdeosiags dsgeumded M3JD processing
mul ti-access interference, resulting in yP (t), the :

1300, particalelyashowmigdoat pibth ireerfaamedl batceled oid thed gipdied fiha multistage
signal is provided to the first stage of 8 Case

g 127 Gehip it lHE8)
'settmg (Otdecogpl ed ﬁ/ﬁ%gi%%gbﬁgvﬁ?%ﬁ ﬁgtu mat ggfag‘%%(ﬁ% apapr%}éthgtsﬁlelre

decoupled WI6D trfse 9%%5 bi®ferdl Mﬂg%lgsonthms for the

trans %rnatlo en st ges I'S process

' escri bed.in nore .det S 0l. .

different s%g?sa £3% émp][eﬂ'jgn% R S\}/ﬁg&éls Bfe]ﬁgls\{/l'ix%qn&ﬁ ]Péfﬁ@ coﬁégbcatlonal
porting data) are used to_ seed the 2d stage

resources a8 e'gaﬂa&#‘d a%'stéwge PhMG-MIED is follgavefhiby afS‘lQ?dpﬁ“tﬁ\%Oé égmteﬁeonal

soft deci sion outputs.
PIC, which is 1tsclf efficiently implemented using the architecture in FIG. 15. In FIG. 13, first

pilot, preamble, and midamble information is processed 1302, if present. Information such as
~timing and channel cqualiiaﬁon is shared with other blocks as needed, since in many settings
.multilﬁlc users will share pilots. The pilot/preamble/midamble signals are also reconstructed and

used to cancel 1304 their contribution to multi-access interference, resulting in y,, (), the

baseband signal after cancellation of pilots. This signal is provided to the first stage of
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;[ 0038] Here, the pilot information is estimted and
the pilot signal is cancell ed before user
wondotior@msgess interference is estimted and r eroOTEd2004/002318
This is suggested when the pilots are strong ,enough
to estimate the needed information. In sone cases, the
decoupled MUDt 13065 whithestirhated o)) dndethercusee sthietfoadattithsRick@d to
' signals re-cancelled after the internedi ate stages of

prov1de udn%%%ﬁéne%%e&aﬁéﬁ%l ‘ﬁﬁ' Po e5s 1'3 d%scrﬁ’)eggl Vﬁxnt 227 q?fllfigl 014,

ens cause

Wlthaoneiyaﬁayiﬁ T B P ot sgased to

ocessi ng 1400. Based on estlnates ck (t) of
seed the 2% ﬁ@g@&ﬂi&)éﬁp&tmd 50 epnbbe finglistege AMUDY Byl@mprevides the soft decision

cancel lation is achieved by subtracting 1402 the
outputs. current interference estimate fromthe pilot-Iess
' baseband signal to formi(t), the innovation signal.

[0038] ThHére' ﬂ’a@ %‘i’l@ﬁ mﬁfhnih&pi%'esﬁﬁ%ﬁ B bR dilee s@ﬁzﬂ G %'celfédgdé%re user
all known nulti -access ‘i nt erference

‘ multl—accegﬁﬁ{f@fﬁ%cg Ebe S faed%& r&eer FhfsSs s n%e?t?% %v%glﬁ'ihee pﬁ%!tlsgaée strong

IS Iﬂ rence cCa

D C units,,the con of .th

enough to Fﬁ?@%)%gf aff%%]w oo i Sg e be ﬂgf@flﬁomguqn Tl bere-
addi.ti ve noi se. Scal ar equations for each

estimated gndqilet signys imeancelipdrpfien thelintermediato stagessef mt@rfpmce cancellation.
standard Kalman f I[ter approach which :results in

This is adWaatageaumﬂbr exanggje,avhennsar-{ar pAHbIdmsTdumse whale piktetodes obscured by
cancel l ati on occurs on the discrete sub-synbol

strong pilo&cdtdlus@Gigiald i ce, .instead of using interpolation to
nove these neasurenents to chip center for each user

[0039]  OFIES h ADIustrS%EH Emb@%ﬁlenﬁmté%égaf 1\&3? ﬁgge%ﬁﬁé §400. Based on

processing units 1404a-c use

rea 58 - 00602 004/0709
estimates it B 5RRHson S e M imP Ao eY 5oHE B Biuce
. an estimate ck %t + 1)hk (t.+ 1) for this user's
- subtractingclAQ2 therenrtenh intesfergnae estimath dronethe pilatdssebasebend sjg@Utb]form i(?),
FIG 15 illustrates an enbodi nent of a decoupled MJD
the innovaiperosi g | m‘blsehm}mtitbn Sy} représgaisihe ditiginglaignal 119 with all known
separate users' processing units occurs through the

multl-acceésriﬁféi’ﬁfeh@@rdrrfdv}:d Slscphite BILTD BlockRERHNHitk ded do‘ﬁPleﬁ konly
(t+l)hk (t+1) occurs at the discrete sub-synb

through thit G TGBL& c‘ﬁﬂée‘iﬁﬁbrﬁ inside of MUD processing units, the contribution of the

uncancelled interference from other users is viewed as additive noise. Scalar equations for each
MUD processing unit then result, in contrast to the standard Kalman filter approach which
results in large matrix equations.

10040} The interference cancellation occurs on the discrete sub-symbol sampling lattice,
.instead of using interpolation to move these measurements to bhip center for each user or using
symbol-level sampling. The decoupled processing units 1404a-c use i(z) and any pilot/preamble

9
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common for each user's processing unit. The signature
wavef orm synt hesi s nodul e 1502 uses equalization and

wo povifogossf ormati on, if avail abl e, from enbeddedr/us2004/002318
pilots, preanbles, mdanbles, and so on. Through
application of a one tine step delay 1504, the

or midamblei@talation M frofi@RsEamatel S+ BRN: $1PRAthis user’s contribution to

‘ reconstruction 1510 share a single cal culation of hk

e decoupl ed MJD Processor 1506 uses its

T
MAIatth‘?‘?ﬁXi%ml P8t e informati on and the new rreasurerrent P K
, \r:aﬁ‘s’éz =Y(t)- Yp(t)- Ehk(t)Ck(t)+v(t): P=l 1=1,1*k to
0041} Ap ilkistrpten e cpwbodiment efa desonpled MR prossssingelement)1500.
. The addition 1508 of the estimated nulti-access
Again, theicnudinzerf sepmeatChsdrs’) fricessing neid arcess thivagh drtinhdationfj)pdnd the
user k and sinplifies the .algorithmflow to produce

signal recofbtritdtibn iaD %t i be, (Heresented ﬂM@sd%t@ S@R8ySo1 ﬁ%és@eﬁb’ Whidne

enbodi nent i's descrlbed ot her functionall

ival ent desi. used for,. FlGs.  14-15.
common f%??af KT agpier i Ehe Hghee S ot ?%@H@é@%ﬁgﬁ bies
term_ P (,' K11~ P(tf@ YP (t) )+ hkmim)(Ck -
equalizatiomyand fimipg nforgationif ayailables fromeuekedded pidnts. tream @ﬁ, g@dambles
-during signal processing, which | eads to substanti al
--and so on. sEhroughsapplicatioormfatoat itioreadtepcdaigt 504t the deesupbaliyiiDeptot essor
standard Kalman filtering and other fully coupl ed

‘1506 and sigr@CRBbE#aStonTTH1 0l shiu@laigl & EabdsticH oft £) & +3L CORPIRBupled MUD
~ processor mai'ntain the. information needed to

: er at the nstellat|on oint Ck (t)
Processor EYURTLES s ffbrEy aliTnforfhanib G PR R i acht
58010 00602 V\D 2004/ 070958 PCT/ US2004/ 002318

el BB oR Rl AT, P e e o Sy

period. Thi 5 si gni fII cantly inproves cancell ation at
each (as | the Mx d Gaussian MJD enbodj men
to make anoqs ippkalivesensillz BRFYPHHE 6«/é§1>c§‘%a@%lf%i§?8 the est@wéfgﬂ

:'multi-access interference &, (f)k, (f) restores the contribution of user k and simplifies the

_ algorithm flow to produce y, (?) in the decoupled MUD processing. Although one embodiment is

described, other functionally equivalent designs can be used for FIGs. 14-15.

3[0042] Another aspect of this invention is that the residual term

P K
> 0,0-5,0 1 Y @le®-2.0) J+v()
p=1

JReya
is viewed as additive noise during signal processing, which leads to substantial savings in
computational complexity when compared to standard Kalman filtering and other fully coupled
techniques. The internal states of the decoupled processor maintain the information needed to
generate an estimate of the constellation point ¢, () at each sub-symbol time step z. The
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Al'l ow ng reuse of signature waveforns for both
denodul ati on and reconstructi on even when applying
woeog/oreasli ti onal al gorithns (such as cl assi c per/abi0e4/002318
interference cancellation) in the decoupled MJD
_ processor. In the signature waveform synthesis- nodul e
decoupled MOBD) prob&s 6 okt pro@ucel\ary edtidte htSeabh b, Shdd@AVT Sehithity Wlt® the end
: sub-synbol sanpling lattice of the data, rather than '
. o | I . 3 - - -
of asymbd e i ey APyl Gantlahih & R pass AR Mined
. tanti.al . reducti.on in _conplexity in man ases,
Gaussian B0YHY L ABhiRiopt S6HEE R BBV bt Y B RESy by
. inplenented wth binary | ookup tables, in contrast to
 allowing rﬁl@@& sighatite WavefQrms ferboth dempdiilptian ang regonsiryctiop eyen when
different chip center.grid for each user. 1J0043] In
applying naere tredibiodalabgrrithiné Guch asgassicsparaltel berfarpice wemteldtion) in the
through what is referred to as a M xed Gaussi an (M3
- decoupled™MUD prossstord ¢nadisigianire (aeéforh eghthesisisodde M), theMibtdfure
i npl enments a non-li1near m ni num mean square error

‘Waveform‘?sgﬁlitéfﬁ(;lht‘éﬂ td @eREb-9H8bo fsC ah}:ﬂgg £l d dea@%‘ GathBthhd M&polating

stages to estinmate an Interference on a

~ sub-synbgl, basis, .oreferably on. a chipy.. by-chi .
the data g0 EYSR B2 ot PlocerE, S i el s BidDge Tt
. Denodul ator and the Decoupled Kal man Denodul ator wth
reduction ineniplexatly in afany eassatsinogtthe b, (ar Rintkypelniidrechnfaftentberimplemented
provi sional application 60/443,655, filed January 30,
ith binarg ®dkup edblds! Intdnirddltd FixdBSSinBEEtor MerpdRERL 1, -
b lnal'gCDI\/A b TheS ar cﬁi t ect d)r(e i r%nFI G 15 alelgo pr‘%\fvf‘gggo é\ﬁffferem

. advaptageous inplenmentation for other prior MJD
dnpcm“e{%ﬁéﬁﬁrﬁgg%uﬁﬁﬁ ch update the. synbol estimte only on

the synbol boundary. '[0044] Al though applicable to
[0043]  4nlp ensemberirant.dhessasprstioian &g impemonid iterougls whatje tefemed to
connection with a CDVA system for ease of discussion.
-as a MixediGaussies iMiGueultisser dbandupitedrdfedrddetioss MG-MUDEaskich
58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318 estimte

implements Y iopilmeiranhindach miGarsqudit kB onetiaiifbh sdthiigu® FiR db&upling, and
interference. cancellation on a sub- -synbol basis. A

il L TRE S CHPA AR 65 Syl RO Ok i

. by-chip balwg.t (Bﬁ)lglt eﬁ%&iﬁ@&s §n%5udter1§e gclxmllp?etdei{ﬁ%grtf ﬂeinogﬁlca?oiru h i'chrlag
Decoupled Kalman Demodulator with nonlinear refinement, which are described further in
jprovisional application 60/443,655, filed January 30, 2003, entitled “Multi-User Detection
Techniques for CDMA.” The architecture in FIG. 15 also provides an advantageous
implementation for other prior MUD techniques which update the-symbol estimate only on the
symbol boundary.
§0044] Although applicaﬁle to any communication methodology, MG-MUD is described in

connection with a CDMA system for ease of discussion. The technique uses decoupled filters to
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acconpl i shed through the pseudorandom properties of

the, spreading codes, resulting in an algorithmwth
wez@elor®sg perfornmance even in the presence of Ptii/gh2004/002318

| evel s of nmulti-access interference. 10045] By way of

i ntroduction, the M>MJD technique is first described,

| estimate sﬁﬁb&@maayuse@wmle%é@ﬁplﬁ gqiafmm MitdrfRbRERALEMEHENEN a sub-

t echni qge [0 By way of exanple, a nodel usi ng
st LA gﬁw&c&e&g@%& 1558 L e sl
. de Co
interforondE JaBiIEREH 3%? o Wi wate for fRAB RIS sﬂn%ﬂlt Pecotpligg is
Wi th y(t) the conpl ex received signal, hl (t) = the

accomplisheshtpraugh ﬂmﬁemm pioperties eifhe spreading godesmesqltn}g man
the real traffic channel magnitude, bl (t) = the
algorithm withrexnelené gedfiorimanae dven(in theprebmnce ofihigheveddlaf multeaccess
. White Gaussian noise. Note, in this fornulation, that
interferenddle spreadi ng function contains the channel effects,
V\,hile the .traffic channel magnitude is separated to

Tl e
st RS SRR o 8 ol o

. case, each arrival is tracked separately during MJD

-[0046] v Bri wayof sepmplasamadel sing eSS stingard suit! s Bipary bagss Shif
coherently combi ned when naking the MVBE estinmate. 12

Keyed (BRESCBEIN §ig) 662K WQT2BOad G10HH6 chdnelsSRmgdoudasiesis described.
10047] Here; the phase of the channel coefficient in

Consider th&fecsive@sighalg functions and the anplitude in the
channel magnitude are estimated using standard
¥ techni ques, .and the channel coefficient is assuned to

()= le;(i)ﬂﬁmtvama,t ely constant over a single synbol period.
=1 10048] For user k, consider a MVSE estimate bk (t) of

bk (t) with _
with y(¢) = the complex received signal, #,(z) =the complex asynchronous spreading functions,

A,(?) =the real traffic channel magnitude, b, () = the transmitted bit, and v(¢) = the complex

“additive white Gaussian noise. Note, in this formulation, that the spreading function contains the
channel effects, while the traffic channel magnitude is separated to simplify traffic channel
power tracking (relative to the pilot) in the IS95 embodiment described below. In the presence
of resolvable multipath, a formulation similar to the rake receiver is employed. In this case, each -
arrival is tracked separatel)} during MUD, with the separate measurements of a user’s arrivals

coherently combined when making the MMSE estimate.

12
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a' k(t)=Ebk(t)-bk(t)la) [0049] The denvodul at or uses a
predi ctor-corrector structure simlar to a Kal man
wo pdoserosshat i npl ements interference cancel | aP€DNS2004/002318
through the innovation signal. Consider hk (t) and Ak
%ﬁ to be known, and let bk (t)- be the prediction of

%[0047] bkiere) the abesg of rqhtha(melcmfﬁmenhmhbkpr(aadmgﬁmcﬁoxmnd the

synbol transition occurs "bk(t)- foruser kin(t-1,t]
amphtude fh thie bhanticbmagrijude asnebtithakedisiig steﬂn)dafcf tedHRAEERAN the channel

transition 6k2 (t)- = occurs for user kin (t -1, t].

coefﬁmen’e% ahuhRl b waﬂﬁ&gﬁﬂate]-ﬁ@mﬁmg%r@s e%wé %frt]lgcga‘f ﬁ!ﬁl‘?&?d for a

fixed user For not at| onal .conv assune
t t the user tart newn nbol in_the sanpling

-{0048] gr%qkpﬂw&ﬁrat Toehlgre Beld.of DB cancel 1t he

estlrmted mul ti-access |nterference deflni ng: Ki (t)

{ t)ALbj (t) (2) r=i and tk (t) =i(t) +
0= EWW%‘B"' )o! ), Lo 13 Chse 58010-00602 W0 )

. 2004/ 070958 PCT/ US2004/ 002318 tk Ws hk (t)Akbk (t)
.{6049]  +ERhe denAjdutatrtsesd ptejljctor(do}rector structure similar to a Kalman filter that

implements interference cancellation through the innovation signal. Consider h.(t) and 4,(?)
to be known, and let Bk (#)” be the prediction of b, (2) based on l;k (t—-1). Then -

: I;k (¢ —1) if no symbol transition occurs
"l;k ® = foruserkin (t-1,t]
| 0  otherwise

and 1)

o*,c2 (t—1)  if nosymbol transition

G, () =1 occurs for user kin (¢ —1,£].
A} otherwise

J0050] = The demodulator is developed for a fixed user k. For notational convenience,
assume that the user & starts a new symbol in the sampling interval immediately before #=0.

First, cancel the estimated multi-access interference, defining:
K N
i®)=y@®- Zhl (O A4,5,(t) )
I=1

and

i, () = i) +h, ()45, @),
SO
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1*k ;[0051] Consider sanpling at the chip rate
and- mnake an MVSE estimate of bk(t) based on
wo b@4wemsor of neasurenents: ik (r) = Re{hk (rpeT1/UK2004/002318
(r)} with v =1,2,..., t and 0 _<t <the spreading
gain. Note that the estimate for bk (t) depends on all
i ashyDddRéy of the current synbol up to tinme t. The
esti mate—qgt the end~.of_the synbol is the converged
est i mafte : l&’ré)'Bl??é&)cfd’s(é); t he i magi nary conponent
of hk (VJ* ik (r) also contains limted information
) that does not necessarily need to be exploited. Next ;
[0051] | sEensides sprpplingsat fhroship erdtrinsk mples an MMSKE estimenteof bADi baged on
codes sanpl ed once per chip. Then, for user k, the. '

the vector 6f Mefisubs@dnss: Spreadi ng functions are considered to be
' random vari ables, and hl (t) -is, approxinmated as

~i.ndepe b . identically distributed with E(hl (t))
’kéfrbo,‘ﬁe@%ﬁ%(’ck%?h, (t)) = H2 , E(hk (t) * hi(s)) =,0
for k #1, and E(h, (t)* hi(s)) =0 for t # s . 100521

with 7 =1,Zng1 raall Ak < yetleapRadaf chive Nsetiat ihe S@nhie8dpi(H) ddpends on all
real magnitude Al. Liberal application of t'he centr al

, limt.theoremresults in conditionally Gaussjan )

- measuremegt bt i AP V! a3 anes 0 e G EISBUALFODEpol s the
PCT/ US2004/ 002318 ZzZk (r)!l bk (t) ~ N(hk (r) hk

converged estjmatbk Fot the BESK e, (th imaginaty porhjfonslit @64, (2)' (¥ yalsb contiins
1*k [00531 From the pseudorandom properties of the

limited inf?x?fa@i@ﬂ g dt)%é'r;kgﬁ kl@%?@fi%ﬂ%etﬁ)t% iSP ?Q[ggﬂecf. Lyt ul age the

) I bk(t) . ~be appr oxi matery
.:pseudorancﬂ) Brrp%gxltlaeg %9 thfe%{)reahing cg(%es'sar-rﬂgﬁedjo%l:gf)er%ﬁlgs. I"Itl%{an,oftor user £, the

'other users’ spreading functions are considered to be random variables, and %, (¢)is

approximated as independent and identically distributed with
E(h 1) =0,
E(h, @) h@)=H",
E(h, () h(s)=0 for k=1,
and
E(h,(t) 7 () =0 fort=s.
[0052] The relative power of the users is captured in the real magnitude 4,. Liberal

application of the central limit theorem results in conditionally Gaussian distributions

14
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ik (r) I'bk (t), r =1,2,..., t , is then a product

density and the density of ak (r) is a mxture of two
w@WwesT@ss. By strai ghtforward cal cul ati on, thRCTURI00LMN2318

mean squared error estimate is then the conditiona

_expectation snd bk(t) t t Re(hk(r)*k(r))4k (3) 01/2

7 » (Nl 6B 42(,) =G | hk(r)*lk(r)Ak2 (4) 01/2

k'[ff)&,@ Vi, ) (‘? ,:b;évf?h

?(i +adv sp ecial function G defined by

4' 7Y, L + tapheW) )2 exp - (W2A )2 . .
(59/ éffﬁﬁ?"k(t% ﬁ’%@fﬁz%x@ﬁ%}? )2 dw. ' [00541 This
o section introduces an approximation that substantially
i reduces the  -c utational_ | oad, while jnproving
100531 jchiitiepardpi AR RaRsEhes oS e AR et ot that
N consi der the-approximation 15 Case 58010-00602 WO
5 (T 0 %ﬁﬂo%(@m@%ll BETP RGN QAT latéd DA A(12) -FiidFoint dbiity of
, A2.a' 1 (} )-+al 1xk 1=1 ;[0055] This approximation is
~ qui.ite accurate far |ower-powered users. Higher-powered
% (D> TS dPs--dr 15 1S3 PRpdpt dsasityand dhe.drasifnef &i(phF pineixhe gf two
: affected. Defining a; =E H2 Ala-; (r)-+cr (6)
Gaussians. By straightforward calculation, the minimum mean squared error estimate is then the

conditional expectation and

Bk (t) =

| 3 Re(h(2) i,(2) M, €)
| =°1/2 '(szA,ch(r)’+ GJJ

Ik

ot

(=G Y DEDA |
=172 |H?Y Al () +o? ||

I=k

with special function G defined by

(w+A)2J.

1 T )
G(A) =3 o _{ (1+ tanh(w)) exp(-— A o

+(1- tanh(w))* exp(—— (Wz_/ix)z) aw.

10054] This section introduces an approximation that substantially reduces the
computational load, while improving demodulator performance. To simplify the demodulator,

consider the approximation
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1=1 allows estimati on of the denom nator in equation
(3) directly fromthe tinme series. A sinple |low pass
WO pdoero9s2(t) =(1-a) 6; (t'-1)+a i(t)*i(t) (7)PCTHA2004002318
used, but in a specific application the filter should
be rmre closely matched to the dynanmics of the
he Jesuj dulator for stage. | of a
Im] ﬁ% Il%(fﬂo'hagrrrply bk 1(t -1) if no
ool tranS|t|on Bk 1(t)- occurs for user k in (t -1,
, 0 otherwse cK il( = - L, h, t)Albt 1
10055] ( 1’5‘1&@ )glyproygm_gﬁgn 15(quyte a ac%qrat_e fgl) log(er( 1(30\)yq1yd MSEES. | Iﬁ_ggh}r -powyred
(10) ‘'ski(t) = 2Ak X Re(hk(r)*tkl (Z)) (11) ai(0) r=U
users are epHly de(ltO)iuhteldamﬂ@SkSIgl(lﬁ%,‘a)nﬂy(af%):temO%ﬁ}mEquat| ons (6-10)

consi der 'the case when no resolvable nmultipath is
pres en Krrultlgle arrivals occur, the arrivals

O'areEfffhéQ & HaDardaealey 4 i nformation fronf®hese

arrivals is céherently conbined. For a user k with

P.k multipath arrivals, equations (6- 10) then becone
allows estingtiocgfthe Mnmsommlm@aﬂﬁm%ﬁomw tii82 6&dds0 @ diple low
‘ bk 1(t -1) if no synbol transition bk 1(t)- = occurs
pass filter for userk in (t -1, t] O otherw se

G/ (®) =(~a) 8l ¢ -1) +a i(t)"i(?) (7
~ canbe used,

butina specific application the filter should be more closely matched to the dynamics of the

channel. The resulting demodulator for stage 1 of a multi-stage approach is then simply

j 51:1 (t—1) if no symboltransition
"Z;k 1B =3 occursforuserkin (t-1,¢] (8)
0  otherwise

40 =50~ Y h 045, € ©®

GL(M) =(-a) A=) +a i, ()i (t) (10)
S )- 5 xZRe(h (0)iy(2)) (11)

Be1 () = tanh(S,, (1)). (12)

{06056} Equations (6-10) consider the case when no resolvable multipath is present. When
multiple arrivals occur, the arrivals are tracked separately and information from these arrivals is

coherently combined. For a user k with P multipath arrivals, equations (6-10) then become
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KP11 (t) = y(t) -YEh1 P (t)A Pb, P1 (t) 1=1 p=1
6 (t) = (1- a) 6 (t -1) +ai, (t)" i, (t} Skl(t)=~
WO pood/o29s&Rel hkp(Z2)*ikl (.r)) ( 1 P=1r1l ) O \RET/OK2004/002318
(t) =t anh(Sk I (t}). [0057] The case of a single
arrival per traffic channel is illustrated in the
enmbodijgept_pbet oy Pefkitikg provide a straightforward
~dem n'?e'i;g{ilgn?ﬂ@#g%%ove_ %tl-rg)gor eti cal devel opnent
‘bmégrgﬁi des t heoohssies userdei8dkt-tlor a BPSK system In the
BPSK qase) tbBtehbiiks are directly estimated.
Modul ations with nore conplicated constellations
- requi reKa di fferent approach. This different approach
is als [ } xed _nodul ati on cases, in which
hgﬁfféygzgfﬁgepgﬁg%yl ave different nodul ation
const el T'dfi ons. Consider the received signal K Y(t) _
hi(t)Alc, (t)+v(t), !=1 with y(t) = the conpl ex
Gidoer (ledx)sd Heall) +ay i, ()Y, (® the conpl ex asynchronous
spreadi ng functions, Al (t) =the real traffic channe
magni pude, cl (t) = the conplex transmtted

st'%1 Iraf4ioh Py t) = th | dditive
0t o O Lor Loer ki o

constellation set C, we can nmaxin ze interference
Lcancel |l ationhy nmaking a nmean squared error estimte
bpf(t)rhienk\dpd)d | ati on state ck for this user, in
contrast to the 17 Case 58010-00602 WD 2004/ 070958

[0057] PCHALSR00#4 0ReR W rival per traffic channel is illustrated in the embodiment

~ below.

{0058] To provide a straightforward demonstration, the above theoretical ’development
“provides the MGMUD approach for a BPSK system. In the BPSK case, tﬁe bits are directly

 estimated. Modulations with more complicated constellations require a different approach. This

| -different approach is also used in mixed modulation cases, in which different users may have

different modulation constellations. Consider the received signal
K
¥ =Y @A () +v(D),
I=1

with y(¢) = the complex received ;signal, h,(t) =the complex asynchronous spreading functions,
" 4,(¢) =the real traffic channel magnitude, c,()= the complex transmitted constellation symbol,

and v(t) = the complex additive white Gaussian noise.

4[0059] For user k with constellation set C, we can maximize interference cancellation by

making a mean squared error estimate of the constellation state ¢ for this user, in contrast to the
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BPSK bit estinmate. For conplex -innovation i(t), we
have the M ME estinmate fromthe ,approxi mate
waeoeondiotissral expectation t | i (r)+hk(T)Akak( zPeT/US2004/002318
-Ci Akhk(.r) 42 C exp 2 Ck(t) _ cieC T=0 6i (13) I _
I (r)+hk(r)Akck(r) -G Akhk(T) 12 exp 2 C EC r=0 &
BPSK bit sstitrfatedi Eor 2omplbxiitusovation 1(5] we aye tBe MNISBeStimsieTEbr (R
same approach as in equations (6) and (7) below. The

'Aapproxnnafé)é?ﬁlﬁitfbﬂﬁl'&Be&ﬁtﬁﬂ“ s user for interference
cancel l'ation is. then, JUSt as in BPSK, Ck OA hk (t)

[0060] Equations (1- 5 i npl ement tt} BPSK denodul at or,
while & )e cﬂﬁ@e*s”k T%ck("deh‘taﬁm(@ r for a nultiple
b|t co ﬁ i on. Both wife hyperbollic tangent

at—fum t,To G TE} d LQEEqke enti al féﬂlctl ons
rmy be Ean for nunerical
ef ficiehey, \z= whi ch ca&e equations (3) and (4) can

be efficiently i npl enent ed through the accumul ation of

. » the. surm 0 be approxi mated S
with o, pfies SR B0 EnR Heith the e apiasils T siics (dhaad O
the errbodl nment below. Miultiple passes are then
below Thpeoiitvibmtch dfthisapeafoeititarfergas shmgllhtioris gient just sl BREK]

: continuing to accunulate ternms in the sunmations in
ck(t)Akhk(tequatl ons (2) .and (3). [0061] Equations (8-12)
descrlbe the first pass of the algorithm which is

i ted. by .th t.he r

100601 oRGBRRR R, Eefn%tgﬁﬁ%sﬁéée%% Sobhe é‘ﬁ@s?@e@émbes the
equations are a user k startjng a new synbol at

demodulatpll' fog apugtip]g gltfcgpstgllaj,lop Bojhthe gﬁpgg@;q’]t@ngeglglsaemqi@nctmn G,
summation in equation (9) restarts attach synbol

and other dxpomehéiel funttionshinay Yeompldraenteshas a thile detkupdomnunerizalisffigiency,
in equation (9) is fixed. Use of equations (8-12)

in which cpe@qiuations @)aind€l) cindrei effic antly ibplahdnited throvghale ddee@mulation of
algorithmis |ess nodel -driven and provides a nore

the summatioRs! SthedamBOMbSbOipprdXitrafddstich b M ME pHeRRedBear approximation

)

demonstrated in the embodiment Tt)elow. Multiple passes are then performed by repeatedly
passing through the data and continuiltg to accumulate terms in the summations in equations (2)
-and (3). |

{0061] Equations (8-12) describe the first pass of the algorithm, which is indicated by the
subscript 1 in the paretmeters. Remember that for notational convenience these equations are for
a user k starting a new symt)ol at time =0 and for 0 <7 < the spreading gain. The summation in
'equation (9) restarts at each symbol boundary. In this formulation, the estimate of & used in
equation (9) is fixed. Use of equations (8-12) provides another significant benefit, in that the

algorithm is less model-driven and provides a more robust demodulator. The algorithm needs no
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" Case 58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318
estimate for the power of the additive noise, which is
wobdan7ess fi cult to estimte during heavy nul PCHESDOS602318
interference. In addition, the algorithmis no | onger
. heavi | y dependent on_the accuracy of the error
estimate forhe pewer of yheadditive noisesywhighiivefen difficutido ¢Simatpidweang bealvy
experiments reveal that the additive noise
multi-acceapimtarfeirereti fmadiditiory #ehlgaiiddsne idnger heavitydeicndas on the-
(8-12), leads to higher- fidelity approximtions in
accuracy of e dtdylvafigddeBhhfits il &REHdnT@Y 8AdY5)C RRhfefisal@xBeriments reveal
avai l able for inplenmenting a nultiple pass al gori tﬁm
, ( - e [ 1 he. earller bi.t .
that the adfftve 1618 BB ok icBpichitS b UARbAFI R iy (BT 19 gq higher
spreadi ng. gai and.user k, define Fk(t) to be the
ﬁdehtyap?‘fgﬁgmg}?&gﬁ%mﬁ%sp@ﬁu%npl e of the current synbol
4 for user_ k. Then, for exanple, the first sanple of a
10062]  syPesisralcheicessase akailablerfr implementingtasmultiplearags dlgerithie For
: remai ni ng sanples in the synbol Pk (t ) = tstart for
example, watnay firs use theteatlier pass bit estimattQAa 3hmMticaas ahtigitial¢dndition.
‘ mul ti pass equations for pass mas, bk o (t) =0 for
For spreadéid. ﬁlll Lo useph0 QO (1) &5 the tifrkﬁkﬁdég(:?é‘(’ﬂtleg First Qe)mﬂl% ?f‘@le
synbo - =1n -

trap - sition occurs for

current syr%{lzc%lgtﬂr us%k E]ml“ ?1§, Kargffx]aﬁ%pz% ;&Etﬁ% s‘%’@iel&gaﬁgym‘t{ol %rturﬂex(ﬁ i)é =
Fy(t) = L sare

and for the remaining samples in the symbol

start = start

F(t)=t,, fort,, <t<t,, +L-1.

J0063] We can.then write multipass equations for pass m as_
b,()=0 forallt (14)
S,,(t) =0 forall? (15)

b, (¢—1) if nosymbol tran -

A o sition occurs for k
bk m(t) = .
mn(t-1,t]
l;k ma ( + L —1) otherwise 16)
K ~
i, @) = y(O)~ Y I (D) 4b,, () a7

1=

BB =(1-a) 82, ¢~ +ai, )i, () (18)
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a mt)=(1-a)d n(t-1) +aimt)*inmt) (18) 19 Case
58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318 Sk mi ~t)
wkooatoroofdk (t) + L -1) + 2Ak (19) a i2 ink(tpQT/UXI04/002318

Re(hk (z)* (tm(Z2) + hk (~)Akbk m(2Z) )) Fk (t) bk m
(t) = tanh(Sk JO (20) "[0064] Equations (14-20) show
Sho) ady, s¢OHSL alle handl ed at each pass. The slightly
conplj cated tinme-indexi ng schenmes in equations (16)
ap sinply restart the (poy estimte and
acAnUl.@pr at converged estimates for the earlier

pa,ss enever a synbol boundary is reached. [0065]

- R (T)Raq%)kwgtzggfeg}t gHtPn in equation (19)

)IﬂUOUS y accuhul at eS bet'ween passes. To nmaintain
the i nterpretation of converged symbol estimates as

Jo k f d decodi
bed @ RS ?Sﬁ Sk (1) SSkm @R (ry sl D) Ak & i m
| (FK (t)) () X1 Re(hk (r)* (im(z)+hk (z)Akbk m (2)
10064) % %)%%%a]uoﬁsmmzd) shéw Etsw(ﬂewgy}nﬂels arSkIadiéd K (dhdtpasd) The slightly

This fdnction linearly renoves the initial

‘ complicat&ﬁﬂ%—iﬂd%gmk gcﬁé?ﬁes%ﬁ %Wioﬂg Plr6) ahdl Ell% 'éf?nply restart the bit estimate and

- accumulator at converged estimates for the earlier ,passwhenéver a symbol boundary is reached.
{0065] The multi-pass implementation in equation (19) continuously accumulates between
passes. To maintain the interpretation of converged symbol estimates as log likelihoods, as

- preferred m decoding, we may alternately use

Skm(®)=Sg ya (Fr (0)+L—1)
2 '
Sim(Fr(®)
¢ . . 21)
%Y Relty ()" 1 () iy @)
T F)
SO s, (B @+ LD,
10066] This function linearly removes the initial condition in the accumulator. A third

- approach is to save all of the matched filter values

24,

mRe(hk(r) )+ A 0 )

in a circular buffer, which is filled with data from the symbol as the new data is available. The

entire buffer is then summed at each time step. In this case,
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approach is to save all of the matched filter val ues

2Ak  6im (Fk (t)) Re hk (r) * (I m(r) + hk (z)Ak bk m
W@ 2004)p7G6988 a ci rcul ar buffer, which is filled we¢husapa02318

fromthe synbol as the new data is available. The

entire buffer is then sutmed at each tine step. In

LE’%S@%S&ZJQO igi%wg;f)g}%ggig\’{&rgg 4/ 070958

Re(hk(T)”('lé )f:ihk(T)Akbkra(r) )) 6i m(Fk (t)) Fk (t)

Fk, (r)24,-1 (DF (ina~1 ()yhk (T)Akgk, m 1

|‘T)F5—%Z’)_1(F£(%?) S8 RF(E{’IG(Q(QE’K‘?%VY‘%MJ‘ "Tﬂ((%)g%f ‘In pra ) ce,
equat 1 on. (25) woul d be inplenmented by subtracting the
old termand adding the newterm Each of the three

: t echni ques (19),@%21) and (22) provide increased

[0067]  aclunraatice, equatsan (28) woyld-helimplamentaddpyl suksadtingdlisoldtterrinand
cost of increased inplenentation conplexity. [0068]

adding the HewsterngleBsachi dfelt thegegechniques (1) AQ1) arl (22 provide S&ireased

~detection technique for high user [|oads. Through

accuracy it 6P RNBIhd bit {081k RRSHIE aPtheldBf ofeds¥d MhI&hXREton complexity.

, Gaussi an distributions, the technique cancels

. [ f on..a.chi p- hi S kNS Of e g

{0068] \Aglfﬁsh(gés Ig]?e%aheé%ﬁ'b %b%ct?%a}%xg?t&ugegtﬁftﬁgt%o& t%%%xg% eefror high user
nuneri cal. efficiency results fromestimting the,

toads. ThegRBbdscoapled e baraianie anéérbawemﬁ B fistrRutens; the

- itself, instead of using a nodel -based approach. This

technique ¢aneelf injerderercs vy dup-baebirdisisip inseadrof sysiting foed cpmpletesdymbol

: PIC algorithmusing the | S95 standard. This

estimate. Burtied hamatical Efficknep rasslty foincastimbiag the @s-cahcdlled interference
invention. First, the separate MJD processor bl ocks

power fror i GRS RerRE it8elf, InstdWdVFUBinEAGnodebell @pFH06€h. This technique
‘ cancel l ation. Second, this interference .cancell ation

compares flaﬁ%[:d\ﬁlf? Jﬁ%}ltogﬁm%zl atABic 0%1?1}1{ ¢s?l%et{1§§8550¥8‘ﬁfaﬁfj s -

\ user chip cente synbol  [evel
'_embodime}llﬁﬁl%;l%tgqi%sev%%:oﬁ %%%%es%s%g?%nl. ?\F/]rgg, thsets[a}l)'le?r%t%rl\ﬁUD processor

blocks are coupled only through the interference cancellation. Second, this interference

Il

cancellation occurs on the data sampling lattice (as compared to individual user chip center or
the symbol level lattice) using the sub-symbol level structure introduced in FIG. 15 Finally, the
interference cancellation begins at a sub-symbol level, vs}ithout waiting for demodulation of a
‘complete symbol as in the prior MUD art.

[0069] Another aspect of the present invention is provision of hybrid multi-stage (or multi-
pass) MUD techniques that use different sample-level methods at each stage as introduced in
FIG. 13. The various MUD techniques described above can, for example, be respectively used

as the differing sample-level methods. Alternatively, ahybrid solution could include the use of a
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interference cancel |l ati on begins at a sub-synbol

l evel, without waiting for denodul ation of a conplete
wa@yovbobosss in the prior MID art. [0069] Anot hePCEHEpEO04/002318

of the present invention is provision of hybrid

mul ti-stage (or nulti- pass) MJD techni ques that use

DKD or M@}-MED dinét ssapblioweMal a corlvhititmaBPartigldfurslleh R erd&ence
i-ntroduced in FIG 13. The various MJD techni ques

Cancellah&?&@‘i@? eh GFRAUfbodRbnt, ftﬂé hﬁ%ﬂ%k&on%oﬁv@ REH rgé% Yoktqdta

t he dlfferlng sanpl e-l'evel nethods. Alternatively,

differens H%Q%??dg R e s O S

) MJD first e follo hy a convent nal Part| al
efﬁclency,wﬂ@r’? GHITR Stagg pEfat M&@ludeémﬁ@@rw%%wo rqﬁ;ole apgillgpyanethod-
enbodi nent, the hybrid solution allows each stage to
specific pagameters meededdy the néxdsage. met hod (e.g. DKD, Mz MJD, PIC,
: PPIC). To accommbdat e conputational efficiency, the
[0070]  CUFIGRMtis & ketgapic diapran iljusiradigahesniodiatitofia QIDNA
conpute the ancillary nethod- specific paraneters.

: commumcﬂt‘ta(ﬁﬁ?gceli’\yerg@@cmamo ﬁfd%ﬁespoh@ﬂé%odéh@s Fnt §C@R 100 11(1%}\1/%% a

schematic diagramillustrating an enbodi nent of

T R R Rpssos
et s TR ST e BB B R Td y ie12

eille CE) nodul e 108, active user detection nodule 110,

pilot canc 11@}/H19dﬁ116ér14,1311@ muliyser detestion (MAID)grodwellle 114, and
o mul ti-user -detection (MJD) nodule 116 ;[0071] Although
10071] t h&ltihouzhdlk piesang itvienthor 1S -ap;piiliableatb veritws coaminatisations systems,
communi cations systens, :for ease of description sone

for ease ofﬂé@dﬁgtl@n abke eRaRple l@ﬁﬂiéséhﬁeﬁ@m gRYofitekt Of usHSA@ah thd 1395Be
CDVA standard. The input to the SSCR 100 is a

CDMA staﬂli&idt g@@@?ﬁﬂmh%swmquﬁlm' coMpRixhak ??%Egll Wikde the

si gnal can be at™ any 1 nteger

1, 2 or 4) tinmes the ich.in
sampling f%‘ﬁ ?hs%g‘b"’i’ ?‘S‘g%ati%y integ s gliple P‘Eﬁ%ﬁ? &éﬁ%@?ﬁgeé hi PPIns
For the s em descri , a version of the sig
rate, whichindhe pase ot Taosis danph @?ﬁipn Chipp PrisserRidh Jipr e gvstem i Gescribed, 2
version sanpled at a rate of at |east 4 sanples per
version of thisisignal digitived imhpsample of ¢lop keateded af is avpiston sgmpleat p rate of at
- then the decimation
Jeast 4 samples per chip. Ifthe input is clocked at 4 samples per chip, then the decimation

module 102 uses conventional decimation techniques to obtain a version clocked at 1 sample per
| chip. If the input is clocked at 2 samples per chip, then the interpolation module 104 uses

conventional interpolation techniques to generate a version sampled at 4 samples per chip as is

used by the active user detection module 110, with decimation being used to generate a version

sampled at 1 sample per chip for use by the rest of the system. Finally, if the input is sampled a
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nodul e 102 uses conventional decimation techniques to
obtain a version clocked at 1 sanple per chip. If the
WO 2ain7G9s8 cl ocked at 2 sanpl es per chip, then PEEUS2004/002318
i nterpol ati on nodul e 104 uses conventiona
interpolation techniques to generate a version sanpl ed
1 sample pgr clip g fhe &gy thep iggerpelafion is puseditgenernde avensipn a4 samples
detection nodule 110, with decimati on being used to
per chip. generate a version sanpled at 1 sanple per chip for
use by the rest of the system Finally, if the input

[0072] | swatTBfebshcatodBe gﬁa £ B AibE TRERE21 00D 2HABD A BESR station-(called
PCT/ US2004/ 00231 1 sarrpl e per chip as in the figure,

a source) éntﬁf‘s%[ ﬂiﬂ)tt EH 1§Hséd5f8x'“’g;t§ﬁm Qﬁ@ @ﬁl’ﬁ Wﬁ'ﬁ[@ﬁﬁ% i ?lgbtt

er c eren e tot
eac

iti du 106 ti,Qp. ..
signal use §iHppaire IGT RN e bty E&a%’@m g S5an Beha 0 s offcet
for acquisition of code timn In 1 S95B, the pil ot
from its neighbgrs | In fheglof agqaysition wgd%lzﬂég tbﬁ%‘né@d%f QW dad their timing
Each base station has a different tinmng offset from
offsets, and optioneily Meppker offsets hre epfilnated a buihe skemplar mthnm,etimiﬁg offsets
t he nunber of sources, and their timng :offsets, and

accurate tOP 6 ofathip akoped elAddftfoﬁ@lllﬁ a@tﬁnﬁlﬁhﬂy@hﬂdte ik FnaddBof the complex
exenpl ar system timng offsets accurate to 1/16 of a

t
amplitude %hglg C%?Iﬁ}eﬁ :ﬁgeorﬁpﬁﬁ Itolvgféng :b#r elog ][a@ct idttié) h{%’ﬁ&ﬂ% 1'03% 14 Df

sources a‘°g¥ |M : Pt déﬁ%‘td H“ﬂ%si%lr Oﬁﬁith“@hefﬂf% FReE ¢ si,? o s
100731 prBRETITAhS Siive Rot R B moguedAD et a ¢RI hassbinddaput

a conpl ex baseband i nput signal of at |east 4 sanples
signal of aplepstdrsamples per ¢hip.i Hisbe inpat toribe syipteneinless thassd sanpples per chip,

sanpl es per chip, interpolation is performed.
interpolatidul i$i et fonmtd. yA dditiendliysthe dist sfzoncesarahttieir hespectivepaeanidtare

paranmeters derived by the pilot acquisition nodule

derived by]tﬁ@pikﬁt%cqltﬁﬁﬂon fredhiRerosnkCusetl N BuRheFmbrd) Shere hia§the@flist of known
known or required users. In |S95, such a list woul d

or requlre@\%ref@lﬂ1¥895‘1 ChdtOeld Wuﬁgﬁ il %11? Y:Eb%lh gﬂ?ﬂ% nd e?ﬁkgl {tfinels and the

receiver user's own tection

receiver usgvaowak#l it *ﬁ%ﬂ%ﬁsfﬂ"erk‘%%éa'ﬂﬁ’eﬁ”sq??3@?18#33%?68% which of

ub- channels includin pagi ng, synch, and
the avaﬂahlff gitbr Ghanpahs (A EPMA hagess %ﬂmlsas & sp-chapnglsningluding nilee paging,
power seen in that channel to a
synch, and traffic channels) have users on it by comparing the power seen in that channel to a

threshold. The output of the active user detection module 110 is a list of users for each source,
along with their corresponding channel index and amplitude.

[0074] The CTCE module 108 takes in the complex baseband input signal sampled at one
sample per chip and correlates it with a pilot signal at -%, 0 and Y% chip delays. The correlation

with the pilot at 0 delay is used to estimate the channel’s complex amplitude, while the
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threshol d. The out put of the active user detection

nmodul e 110 is a list of users for each source, along
wowaoh/0tdess r correspondi ng channel index and anptT/U8me4/002318

;[ 0074] The CTCE nodul e 108 takes in the conplex

, . basehand .i nput, si gnal at o per_ chi
~correlat1°naﬁa&3®f8r0é|-‘éta@§ % %r%oaﬁ%to n%*‘lcg?n@ﬁﬁh hmmg ése’f Eh%w&put of
%2. chip delays. The correlation wth the pilot at 0
the CTCE meidule 108 isig et of sowrses, theiraipdated diming effset, Renphireifset, and
anplitude, while the 23 .Case 55010- 00602 WD
complex cRODEY DiflRbde. PCT/ US2004/ 002318 -correlations at del ays
' of -% and'/2 are used to track changes in the timng

[0075] Of ’fl?eeﬂllot AR eRiticRUhodile 1141€aké§r ﬁEc&ﬁ?Iék BaddBnd §?ﬁd1 shripled at 1

sources, their updated timng offset, Dopp

sample perpchllﬁ ?st %Saérj: “ﬁg{%gﬁﬁ?r@%%ﬂ?g&%i%? eér ﬁrﬁxéﬁg[c g? oppeler offsets

eband si I | ed sanpl e per chlp as it
and complg 6l SRl gEnP e T iep s B s BRwmal o forjemitepivap pplica of
of f set s, Doppl er offsets and conpl ex channel
thie pilot fosepahi souttesvhich it thearsublsaots from thocomplex hasshandinput. The output of
synthesize a replica of the pilot for each source
the pilot canbéltation inddnknl 1shibh pHot-less complehbasebandl siphabwbiehasftd into the
i nput. The output of the pilot cancellation nodule

‘MUD modhiei 165 The NIUDImb@AS 1 EOABS BesIRSERNChuRtANAA mebp%ndmg
fed into the MJD nodul e 116. The MJD nodul e 116 al’so

~ timing offslétsseﬁogﬂsl% s a?lti ﬁg&g eg(ecia@% m[rx?ﬁhfdgg aa rrpﬂi%qu 1drs qnd their

ex cnanne

corresponfpi?&\"@&% a%wa Mng b)‘g‘t@ o|f nz:)?rsaﬁgda:‘rgle: trude

: '[0076] The MJUD nodule 116, in conjunction with

10076] | ckhsi éﬁhlﬁdﬁ@nwowamtmﬂh Femaining perppenents performs
cancel | ati onby receiving and processing a discretely

interferencs aapieBationchyafeosiving apé pfogessingn distrteht sampladt waveform,
sub-synbol |evel, preferably down to the chip |evel,

performingdédéimatiog atrmibadykml RecRbleférablyldevingsd ﬁchmaebﬂdat i on.
Non-|inear estimation and nultistage "architecture my

C
o A

arcthectu.ngl ?921% &isg%% {PI 13%(? a£ H%Bgdqﬁrﬁ%y liei%w nﬁfe?e&%l?el | %m%?ﬂuée 116
~ applies thetpgévgc;:}gi rgésggbedl’i\t/[G?l\ﬁﬂ) ]%lll'lll%%lgllla R}{;l ! Atn%/orle ?iet?il g N Emgment of the

MUD module 116 including components for carrying out such functionality is described further
below.

{0077] The oqutput of the MUD module 116 is a stream of soft decision symbols that are
fed to the back end for error correction decoding and subsequently either the output data stream

or into a vocoder to produce audio output.
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bel ow. [0077] The output of the MJD nodule 116 is a
stream of soft decision synbols that are fed to the
whawi/oreds f or error correction decoding and  PCT/US2004/002318

subsequently either the output data stream or into a
vocoder to produce audio output. 24 Case 58010- 00602

10078] vﬁl@(ﬁmmogsgemmmmMég%@@oﬁmhaqdwm ﬁmmrelgoany
i nternal s maybe provi ded as software, hardware,

possible conmbimt@nef hardwany firpossd inidéorsoftvareatTherS AR 16 thag atsp be
firmvare and/or software. The SCCR 100 may al so be

variously i¥@lenRafddysutiR GIRNABHliGUEH SPECiBE Irtégrated Circuit or on a Digital
Application-Specific Integrated Circuit or on a

I
e Frog i g AL A e PR T R e
ntat ution eas
implementp G IeRGHILAEP TR dfkc:8t f ierdpBouth BEor gt o SyTteaf‘sﬁlgn
n FIG 2 is a schematic diagramillustrating ¢ .
10079]  er&dR aenschemape diggrase Ylussatingsn cpgodiraend mlwe?@ﬂ@ﬁlapn g00
nmodul ar architecture in accordance with the present
and correspondary thadular Bnehifecigre @ acderdendelyath tha pesstatdinvimtibni Fhe figure
whi ch significant Doppler occurs and is conpensated

describes dh@nbod PRRR RENVARA Qipnifidat Bogplestsudndd iy @mhensatedmnd,

smal | er Doppl er effects m ght instead be conpensat ed

Dependingfzog{{ngl%le gl xe gt g)ggﬁ esnm;criggr D?ﬁg%r n%f&cfshﬁlgg %t@ be
- compensat S RE ﬂ%@éﬁ'fm& algﬁ%é f Bl B Faish Tl e G aRiRalence

acqui sition, Increasing the sanples. inproves the
of comple@bagﬁ%ﬂndtsam%s Sampfeghat éle(@mafeoﬁp hepis arisadaeft s theinymbgsof

for each source, but it also increases the Doppler

- input samplesgwed ini thepilotaeeisitiona fereasimg theganplesampoonss tlzg dignal-to-noise
nmust be perforned to correctly estinmate the Doppl er

ratio (SNRYbT thelcharlnel édtignagesefopearh seyst,d it8kAndroguet theddqgpphks rasomition,
used in the pilot acquisition. The first conponent in

which meaR$ 113t fa@ GitWe 86 ﬂtnﬁ{ﬂtl&plguét% ABmadd 18R o e 1ydstibdag: tﬁ@ MRbser
anbi guity function. Let a be the length of the

offset. In t;hg ?)l('%{fx@@lt %ﬁéﬁlq 'g pr‘seaql gés%hr%:) %Ar?gtnll i c}ﬂio% h&gﬁ’é"tz(gg 3@% )ﬁrst
componenfusmaﬁ%%?%ﬁlowﬁbes geea%?eﬁ% g The o pEI PG ey b g Lt M

of the pilot signal that is provided for CAF
be the lengieefdhe inpyhdaty sequence used for Pilot Acquisition, and let N be the number of

positions in the code (32768) in the case of IS95. The CAF is the correlation between the input
sequence and a periodic replication of the pilot signal that is provided for CAF generation 202
(“pilot signal replica”). The correlation is computed between the input sequence and the
complex conjugate of the pilot signal with the appropriate code and Doppler offset.

[0080] For each Doppler offset, the correlation at N positions is calcul“ated. For each point

in the CAF, the magnitude squared is computed 202. A removal-of-outliers approach is used

25
Case 58010-00602



("pilot signal replica"). The correlation is conmputed

bet ween the i nput sequence and the conplex conjugate
wo@toolom9ps | ot signal with the appropriate codeP@nts2004/002318

Doppl er offset. [0080] For each Doppler offset, the

. .correl ation.at N positions.i.s cyl ated. For . h
- with anoifOftFShSi 207 B ache AR nesS < intBs A8 dudth s < st gomputed
o égz. A renpval -of -outliers approach is used 25 Case
204c and #g61 megumdpeIyalic Gonpgsdbetis frabald 9944 Rpsitigns whase

noi se threshold 204a to generate noise statistics.
correspondig maghitedn sghired exceeds @ thredhdld are ideniificahd 4ddd tamlisttafie

CAF magni tude squared is conpared to this threshold

“mountaird0204d. FRsihts iofi filsis BT en ARIAIAS 26 BRisRELIT dintiBle AT PRt d
exceeds a threshold are identified and added to a |i st

‘ PNt e 4. Pai . . :

comspondlh 1 R0 3 R 1k A0 Lkl B8 OHBLY 05

. h me, source. I ntai.ned al ' .each unt ai .

the Doppiéel3RaRa PRHRES b Lt Bt BRE iyl pParAdtiGRNY BpmSinfomation
. conpl eé? a_“rgpl i tyde of each_ point 206. Additionally the

- isalsom ed 197 Biertieadigcent Dopples binsifer echgeint-or t he two

adj acent Doppl er bins for each point. ;[0081] Timng
[0081] of %'geitng offiseis pigdhen refinedbwithiatsnceessive appseriimation procedure 208.
4 approxi mati on procedure 208. For each cluster, the
For each chstenf thevpoint tvith theelagesitmaganiie bglarsidy selesded, and eegsigd,
and the point corresponding to one of the two

correspom%lﬁk -8 offRPRI R &bﬂﬁ)&%& tihewld ﬂ&%ﬂg@?%ﬁxﬂﬂ@ ~o?{het6t§‘3 is

wo is also seleéected. e Doppler o S conput

: Nt i f set t he
s e HRUSHANLRRS: LI ORRY e bRl s Dol eliBsarpone
. W ve a sin x/x.s about .t he peak. ce the ‘
points. TheiisrpefRticn, abing daf 'k CPU o facr wil v 58 ensRapgahant g peak
synt hesi zed and correlated with the -sane timn
Once the Tygppdesantggpolatien isgostmbeiedtaceilobsigphlds symhegized hied torpalated with the
signal is then correlated with the synthesized pil ot
same timingaffsehd thointdirpdatadbloppled pedks The imput signal Thiben correlated with the
correlations are also conputed with a timng offset
synthesize@piloPéhdanélcSfplen mpplit@sis dhinfpubsd. The colreiatihs 98 M6 computed
4 approxi mati on procedure is Bused to refine the .
3 s [ 1 ex I H :
with a hm?g RBks& ol afd tzﬁ(i?ﬁsﬂ H@ﬁﬁh{s%oﬁﬁ. A SER ﬁs&%ﬁqﬁ%ﬂ%ﬁfgpcéﬁe is

e exenpl ar, _ resoldtion is _
. (=) terations, in.,successiv .
used to ety SRR AP R Pt FRSTRRE Y regremp, i
resolution ?sglg}eﬁtﬁ ?)rf éahlﬁt ﬁér;éaS%?fV%htg gf&}‘{t]igl,‘lé,\é\gflicgésg{v\é aa})gro%nrlaetiao?gthree points

(two intervals) are necessary. Starting with the two intervals already identified [-¥, 0], and [0, %]
, the interval whose magnitudes sum to a larger value is selected, and, for example the point at
offset ¥4 chip is computed. The iteration continues until we have a point at resolution 1/16th of a

chip.
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the interval whose magnitudes sumto a |arger value is
sel ected, and, for exanple the point at offset Y4
wa@ biop/or®sEonput ed. The iterati on continues untPCT/NE2004/002318
have a point at resolution 1/16th of a chip. 26 Case
: 58}%10-00602‘ WO 2004/ 070958 PCT/ US2004/ 002318 [00821
[0082]  F|JdG. 3 15 a sehematie dingram Hlusatimg an embodiment o computing 300 the
N enbodi ment . of conputing 300 the CAF using the fast
‘CAF usingrtbefastFourieatrghsform (FH)) In partipalat for algirenuppler gifsetnthe set of
Doppl er offset, the set of needed correlations can be
needed corpdlitivredn by obralnkd biripaidormif b elib@lhr coaRyitivh bPihe dput B&uence.
i nput sequence, wth the pilot sequence. One

- with the pild? |s€c%diéﬁ@é. yOﬁ@l%iati@@l?gﬁkg n%{tl‘f?ge(f T Bhfge '%ir&ﬁhﬁ] c%‘hvolutio? is to take

con utioni1s to IFscrete Fourier trans

. . 312 b [ | s, .pojnt-w se nultipl 08 t

the discret? Byt tinfloma g 1o 4R Rodiidifleap ot S Bt ol e el
di screte Fguri_er transform The FFT is_a_fast . .

together, ang geyppyte 6 thsrinvessarisoretg Fowdertransforme The FEY 187 fishplgorithm

‘ replica may also be filtered 304 prior to-application

for compuigg the B T Bierpgtog signalreica mayredsodyenfilBr @l 30Phymriards applzation of
pil ot signature waveform can be stored in the pilot

the discret®Béirier t3dsfornh 812.hEhers@taf pil 3SEnauRe watdiempidnte S6r0 @t the
is 32768 sanples long, the input signal is

P B 01 L S Sl 0 s

: . r F t I put  buf fer .

s sropadiB8 5021 A IFPRRKE b L 8Pl " heR bl ARL Bt LA

‘ ilof FFT. .The_-resul [ i ssed. through.an .inverse_ . .

computed. iop g e gt o flgpaler ot R Qih inwat Bhtteai Pifrwiggmultiplied

.. timng offsets at zero Doppler and retained 318 in the

308 with ﬂ@xﬂreﬁf%ﬁdenllot FESr Tl 1984t Dppgsed through an igyershBFp 316 to produce

: signal is circularly shifted 310. Each circular shift

the CAF valiies fonell integeqtimmng/offletscat zerb DdppleCARd rataindd 3 18cin the CAF buffer.
coll ective slices conprising the full CAF. The

For other Didpps Bhilie, the pilethogRNisic@caany ehied 310.a8RA irctiRt WRAN is one
detecting a renote pilot and producing fal se al arns. '

frequency %31%‘% 88t AF, With theRoRENTEREdeS c%ﬁﬁggg}ﬂg 1&18 At Tﬁwth?éghold is

i ,
odi ment 'of a user detection O 1 ncluding

chosento b B0 PESEL O B R PR g i R

, b band signal. having sanpling rate of at |east 4,

[o083] ¢ T ipse Mrtle fiagram iflstratias @R spbpdimenkokayssr defgotiont e
of 4 times the chip rate is used. Also input to the

module 40Q insfuding multiple user detection sub-modules 400a-c. The input to the user

detection module 400 is a complex baseband signal having sampling rate of at least 4 times the
chip rate. In the e:;(emplar, a sampling rate of 4 times the chip rate is used. Also input to the user
detection module 400 is the list of sources, their timing offsets, Doppler offsets, and complex
amplitudes. The search for users operates independently on each source. For each source, the

phase of the input that is most closely aligned with the chip center is chosen, and the input is
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detection nodule 400 is the Iist of sources, their
timng offsets, Doppler offsets, and conpl ex
wa@npkiotosdes. The search for users operates PCT/US2004/002318

i ndependently on each source. For each source, the

' phase of the input that is nost closely aligned with

: decnnatedt%)é byt fpctereit fopr. i Eheagadbng signad is thas ¢lagaly aligned avithGhe pilot
58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318

sequence. THededimbted sfMal isyhem doaplexmultipfiadliby thélvempiswohjuggte of the
signal is thus closely aligned-with the pil ot

complex ch@EHEEARSlitudd endiBeh Faal Skl BaghRly patstahemuftPiRl 8% their -
mul tiplied by the conpl ex conj ugat e of the conplex

correspon&ﬁéB @t]' &lf%ﬂ.cé%ﬁgleth? guﬁ%g stufifhled gd%g{egg’g% aﬁl¥ nBRbSot possible

r - corres

. s and .t he r e -
users is copglAiag, APHPTSF tiseley i Wﬂf}gref?fg‘ ! Bicteiabll glﬂw&tyag%g%nples
' t he rel evant nunber of chips. Preferably, when
aligned W@ xymbal gre eoumpiptesa Haddnapné aawf@mn lséab}lh&ﬂ whick performs a crude
conplete, a Hadamard transformis cal cul ated which
. .demodulatper dmalhuxty—ﬁmnﬂéalshdﬁmt&ld &Rollowirgthisl stagsj the petverifor ¥édhsdhannel
channels. Followi ng this stage, the power for each

- is accumuRfAN0Bloved £spreFisdying i@tbril FoP¥@inple HP&GhAdrEd sfrh#B? periods. A
interval, for exanple fi ve- hundr ed synbol periods. A

| threshold fs%ﬁéﬂt@h QOS Basef 4o < giggtug 3\ a%ls%%ﬁ:eghoﬁ & Jle%xjnﬁt?e the noise

noi se thres rmne € nol se

i TRt e BSHAD PR Rl Aes

cancel | ati gn, d conput ati onal capacity, and the
interferenqesapceliptipn L %‘wéll cgm?gta&fmft wepacéx,pa@éttb@cwégf e slarms at the
For each channel, if the power is determ ned 410 to

" expected dssigepaing Fomreashohaipel, ifitheparses detentenet 4i(Hecxterdadhreshold,
active and its anplitude is estimted as the ratio of

the user isideernimes to boadtive andith amplhindets. estiln@@84} thel@lio bf itSp@ver to the
schematic diagramillustrating code tracking and

pilot poweghannel estimation 500 performed by the CTCE nodul e
and correspondi ng nodul ar architecture. Again, the

[oosq] | | i 518 %&%ma‘fﬁ'&m&%n Pﬁﬁﬁ'g’tﬂ{gdqr?d? %ﬂ&lflﬁé?&?{;ha%ggf%s&%aggn 500

sanp er chi Sources,

,Perfonnediaaé%sffbﬁm?@ﬁ%f CcHespante RaPUnSR PR, R e hginput i the

bl ocks 500a-c contai ns correlatlon 502, pil ot
complex bawhandinpesigol sanplerbal g SRTPIG pso@lpm‘&th thedist pfsoumes,

508, squaring 510, and pronpt pilot energy
their timing oﬁfaﬂsglmljpdm ofitsets mcﬂud)replex Fhanoe]l amplitudes. Each of several parallel

CTCE blocks 500a-c contains correlation 502, pilot generation 504, code tracking 506, channel
estimation 508, squaring 510, and prompt pilot energ.y accumulation 512 modules. Pilot
generation 504 is provided by the signature synthesis _modlile 1100 in FIG. 11, as discussed
below. Preferably correlation is performed by a three-tap correlator, a variation of the standard
early-late gate delay-locked loop (DLL). In most DLL’s, a fixed pilot is correlated with the input
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generation 504 is provided by the signature synthesis
nodul e 1100 in FIG 11, as discussed below
woe@her@bt y correlation is perforned by a thrercT/ap2004/002318
correlator, a variation of the standard early-late
gate del ay-l ocked loop (DLL). In nost DLL's, a fixed
451gna1 being detayed sndtaivanteittgoh 3hidhip. Hosvevapitt orRfemiCatiment of the present
58010- 00602 WO 2004/ 070958 PCT/ US2004/ 002318 si gnal
invention, B¢ tHagthd ey signaintted SxB HeaR aitiblord shnfplé Per chifpVa \HEIbE m%xihl

one enbodi nent of the present invention, so that.t

delayed b}} W?,pr st ?c.llte@ G%Sgﬁé%ggftg@é@b{, ﬂ'ﬂ:h}gatlgﬁ I%g 31? gmflaﬁ)eﬁ%ate DLL

p, a pitot sign

‘ r|b t he t at a te

;mplementaﬁlwh%ﬁ& e R UE 0 Tl Bt @%Oﬁgawéa{ﬁg G ghase)
Channel_ est tion 508 (anplitude. and phase) follows

follows frqm g Gprgel E‘éﬁ‘]’%{{g? PrveRs Pilpdglatipidhpsadsiragkinedagm The progpt
code tracking |oop. The pronpt - pilot is also squared

pilot is alsp squakashinelen®no 5 handarcummlateddul 52 tedalculate dlad protopt pildteeergy
pronpt pilot energy for use in the channel estinmation

for use in thk ehant] &ffhatibOBBIent308. 6 is a schemati c di agram
illustrating pilot generation 600 perforned by the

[0085] CTﬁ'@ 'E‘?QH kRN ARLERS Hﬁﬁﬁlhtﬂ% r#ﬂ?)‘{j BLitratt éFdUOtéﬁgfovi’\iA{l@%by the

The pil I's generated .602 firltere

~CTCE moglﬁ{a %Xd éocf'((/:gf; Q%ﬁ%ée%:éﬁ\ﬁap{rgﬁ%rco e 1 d fequlet %%(f ?0 %.Fﬂté:red
604 with ne?sfe o0 prodigs fhe Pt "B L IRAR T

- |ate pilot. Each of these pilots is- correlated with a
the early pd@tnﬁ he siaﬂ}fmlqt isthegm delayed @8de) 1 oifip b obiaindhbs pitettvath +/2 chip
period, in the exenplar every 512 chips, an error.
delay, referred td as thelatecilat UEarhed tlese Hiddtk dvevrre{atgd with b cofpldxdnput signal.
three correlations (early, late and pronpt) is
[0086]  NUAREMH deSTEnied peiisd, G0 TR R¥MPRPEHEREE2 tRips,AnGor bfdtric is
early energy, pronpt energy and late energy; and (2)

'calculated ta@ﬁ)ll%% %‘Lflp({f '(‘gﬁn% ?ﬁegﬁt%&'l‘éiéh@ﬁ@(?a@%_}ft@%ﬁh Pr § e ltl{)]ﬁed by

e  upda

its comple)t( C%l_]\é%t?o ﬁ:illat(be% yvt%%f%}y Bﬁo ew,rtgﬁ a{ltﬁ Eateg%}%gé}l' %@? % é}}e error
The estipate of the channel's conplex anplitude is
metric is celgﬂﬂafﬁa &% iy nerey drR GReIRY) IPBIRhENBY-r el ation (before
squaring) by the energy in the pronpt pilot. Once the
.[0087] u pﬂml@dﬂf@ to the tirhimgedfseifis given hy domp deedbadkacoeffisient, typically 0.1-
channel ' s conpl ex anplitude are
0.3,:multiplied with the error metric. The estimate of the channel’s complex amphtude 1s

calculated by dividing the prompt correlation (before squaring) by the energy in the prompt pilot.
Once the update to the timing offset and update to the channel’s complex amplitude are
calculated, the four accumulators (early, late, prompt, and pilot energy) are initialized to zero,

and the processing continues.
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cal cul ated, the four accunulators (early, late,

pronpt, and pilot energy) are initialized to zero,
war@4h®spr ocessi ng conti nues. 29 Case 58010- PEBO200M002318

2004/ 070958 PCT/ US2004/002318 :[0088] FIG 7 is a

.. .schematic diagramillustrating pilot cancellation 700
J0088]  peFIGr Tisa selenpatis digarampiillesinsting pieticenceliaten €00 miréormep by the

to pilot cancellation 700 is the conpl ex baseband

-pilot cancéliypion maiuben &lhesapm kepilattcahcedlatipd 200k thecdungplex baseband input

. Additionally the list of sources, their 4 ‘
signal sandplétl 49-sabifed chiPORAAiE6nalRf the BktofABE 6D méliﬁﬁnﬂg?g%@ﬂs, Doppler

anplitudes are taken from™ the outputs of the

offsets gnc?ﬁ%ﬁ%l:éf cﬂ_ﬁﬁﬁgarﬁxg?ﬁ‘ﬁ%g%ee{aﬁ%@frgm%ﬁg Siutgxﬁls g? glfélr%{' @EIE gxg)@%eg These

ot si r eacn source.

: mul tipljed by, t C I chanppel plitude. The,
parameterf BiogisB? boengia 18 & AP bl etabir setikpurcofis pHGCis then
. .. compl ex baseband data to provide pilot-1ess conplex

‘ ‘mﬂltlplledﬁafgfgﬁ goraplen channel amplitpde. ﬁrﬁaﬁlbﬁﬁ e summet and thepishbiracted from
cancel l ation nodule is fed into the data input of the

the complétBzseipatd data to pfOIB}ildHIEs cBmpkexdasehandath as shtivagr The output

' illustrating an enbodi ment of nultistage mnulti-user

of the pilot ediceltdtiodinddleiPYeBREd the data iﬁdﬁxt RE eV ESmBYulEhe
previously introduced MJUD nodule in accordance wth;

10089]  { NEICRSER G REnduhe MidoPhin iR P HodimbAS AL D nltuser

case involves S usl ng “chips per sy
. ' he detection. Th | St .MUD
detection (BT 530, WG REOmty Y BB B P S LR i

, 1 St% | e per,chip and produces soft synbol estimte .
accordance, i r-TtEer Pfeg@f In¥gitiony Raghigudarly, fheotpsqribed sase ipypives Kgisers using 64
. 800a-c is built around one or nore MJD Processing
chips per symbeb tith thewstppeEysed pr Bfealetdstion. nEhamithigtagh MUDMROSreaives the
users (K), sixty-four in the described exanple.
pilot-less dearplealsmeloddegmi at 1 sumple pbir éép MAIBEudd 466 syrabs] cstidute.and
A MUDPE contains two basic functions: a denodul at or
'bit estimatt batpugkecodes the input and estimates the current
synbol, and a synthesizer, which based on the
! . esgidimierPdi; mesbldEs AL P i-on.-of
[0050] th% curr en{taée@g?\égg%%t?%ext %E)f%{& or aﬁjé‘lpc\l/éésﬁg QF i;eé%‘?ms
the.outputs,of all DPE' s 8 -c.are su t t her
OUDPE), g epf s e apbbroruds Rk el 3 tescribad exammple.
‘Pi | ot -1 ess baseband input. The current chip's estinmate
" For ease of depiction, three MUDPEs 804a-c are shown. A MUDPE contains two basic

functions: a demodulator that decodes the input and estimates the current symbol, and a
synthesizer, which based on the estimate of the symbol estimates the contribution of the current
user to the next chip. For a given stage, the outputs of all MUDPE’s 804a-c are summed together
‘to form an estimate of the next chip of the pilot-less baseband input. The current chip’s estimate
for the stage (which would have been computed on the previous chip) is then subtracted from the

pilot-less baseband input to form the innovation signal. This innovation is the component of the
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for-the stage (which woul d have been conputed on the
previous chip) is then subtracted fromthe pilot-Iess
whameloa9ds | nput to formthe i nnovation signal .Pdhis2004/002318
i nnovation is the conponent of the 30 Case
] 58010- 00602 WO 2004/ 070958 PCT/ US2004/ 002318

pilot-less hapehond thed sart b prediciddeaut.c Ehemovadioprséghat foed given. staBlds the
i nnovation signal for a given stage is the input to

input to alEMIUDRIDPB04a-c 864hatatdge8004. hat st age 800a. ;[0091] Each
MUDPE .804a- ¢ produces two additional outputs either to

10091} I nEidhéMLEﬁ’E Ma%ducémsd&ﬁéna@ ofif MU iniflaliftthe next

he final soft decision output for the user

: & 0 sof t 0
stage for aé’SJ 5% g5 A fie nafloneb Bith culgly i B of Ln??rﬁ% fr gt v
umJI ator_of a matched filter operating on

is the soft %fql%?n puBet o tapsiage- CFr%G?ChR/RSFh“% A‘HP‘%rua@%}%'éﬁ@f 6f a matched
interference renoved. Internal to the MJDPE, this

- filter operating on-thepidotessdivachand input With e mhki-acsess' igterfatenée momesd

V interference renoved is formed as the summation of

Internal to tileeMIUDRE, dhis pilotleshbdsbieaniiliif vithithe dicetsinultiolccdsh tnterference
user's contribution to the pilot-Iess baseband. For

removed i§ #38méd bSthe Shadfitioh BF feafovalibwah thSMUDEER’8 bie@fRfion W it

zero. For |ater stages, this accunul ator IS

: user sconﬁ%hﬁbﬂ | thE 113‘9 Iteg]s l{%%%?fﬁor Cﬁl%lc Qo ltﬁl u fu%a#ore’lﬁ gﬁtialized ‘»

revi ous S age secC

t bi t. f BPSK
vt e bl B ﬁ%@l@gzﬁ@f £k

for the next stage. This bit estlrrate is used for the
previous sagg.t i al bit estinmate on the first chip of a given

synbol processed by a stage. For the first stage, the
[0092]. i Themmmhmmmtsof they shageib theanitiakbbit, [§or inithe eisé bfnon-BPSK

+1. However, there are at |east three approaches to

" modulatiorpthe dmiﬁhll’kg)neteﬂafdn puiit) egtnhdtBio thdriext Bage. THEbH eftfhate is used

approach is to use a hard decision Iimter, whichis
for the i [
or the 1mt§=elgig hi mtz:\%g Pg g%nﬁlg{ C]ffl%] 6f 2 glfrvgra g@gﬁ;ﬁ tpﬁ&e@&‘& %ﬁ;ﬁl %E o 18 first

stage, theb?ﬁésjtiﬂﬁ e 1S 'zgret Pn& SUPH S 1§ hﬁ'éetrh $E ﬂ{gw?\%eg,ttgﬁg %Pet at(feast three

ei 87 on accurmil
refe raach. a IOXI s the hyperbolic
spprosche Sk S SR B2 B Skt RO o sisin
whereby the output is equal to the input if the
timiter, whighd siptde thersigmef thageft décisionsassumntators Théxsecondappirogeheethich
to either -1 or 1 if the magnitude is greater or
produces the optimal MMSE estimate is to compute the hyperbolic arctangent of the soft

decision accumulator. The third and preferred approach approximates the hyperbolic arctangent
function using a piecewise linear finction whereby the output is equal to the input if the
magnitude of the input is less than 1, but is clipped to either —1 or 1 if the magnitude is greater or

equal to 1.
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equal to 1. 31 Case 58010-00602 WD 2004/ 070958
PCT/ US2004/ 002318 [0093] Both the soft decision
wooioporossd the bit estinmate: outputs are | at cherius2004/002318
during the processing for a given synbol. The latch
‘ Is clocked at the end of the conpleted synbol. For
J0093] | SB&th the sfindusisionsowBgutcinil ise biT extinetooeptts ard laehed daring the
next stage is del ayed 802a, 802b by the nunber of

processingdot § §ivieR sPmBOITIRY 1afdhis 8lockal fLuhdsitd d¥fthd SsinPibicll @Rhbol. For
‘ stage won't be. ready until it has processed a

i . i , f '
1595, a syfiple 3 Phip FHTRS it ) Moxs Japl iyl £ D8 By e
. aced on e.lnput bhet n each successjve stage...

mumber of 85353 = Bl Sk Il 2% GRS e S FRRHRAR it has
di agrans of MJDPEs _900a, 900b. = The input i(t) is'the

processed aly ghypaforiammbal | Spilantyea bufigs|of thesige ofthenymber)of chips fea
synthesis of the contribution to the pilot-Iess

symbol is praferiidy te placedsethe inpis betvdien atchdsuceesfivEsta@d, t hi s

‘ contri-butionis ' vyk (t) =h k (t)Akbk,,, (t)- for

‘[0094] USEIGsK9A $h@9B aié'mord\Eetilditschdibidticaagtlihk bf MUDPBE9004, 900b.
and the innovation i(t) are -sumred together 924 to

o E 1. t 1 4 ‘ ‘ | X t
mheinput 54 85 SR AR LAY TR LB Vabydr TR e BN Tt
o far user wi.th.all .multi-acce i nt.e rence. renpye .
contibutiog o g5 Plof et R et "S5 HRlst 18 BB i PriptGiionis
i(t) + hk (t)Akbk. (t) [0096] The MJUDPE 900a i ncl udes
© ¥ () = b (BAshg@a faruserds; stage 51. z dhe go@Tipkiiarhy«(ty fwivgersk atkkthe inmowagion i(t)
of fset and the Wal sh index for the user, and :
are summe@abgstha10es 1¢ Rstosd BBRbHEBUNEY BEA¥er k. Cohis Wbidls 188 affroximation
the si.gnature waveformis described further below wth
14(t) of the @gfﬁgf&%‘tﬁgeﬁaﬂd 's:{gsﬁal fotusdr %?;%ﬁ(:jdl %gﬂiﬁf?%?ﬁg{ek%ﬁé&%e g(e%)(gzed

es an timte e

‘ . anpli.tude. The user's conpl ex signature waveform
*m““&ngﬁﬁﬁEP#§W§n$?P%gﬂgwructed fromthe nultiplication 936

of the user's conplex anplitude estimate and the
{0095]  si gfrat i) ehpdd@EdDM - This waveformis conputed during
the current chip to estimate the user's contribution

f0096] t OTRIUNH 90iiReluddieh SRBMEDsPHAAY 906 wRIAYEASFsie timing

del ay 914d accommbdat es providi ng the appropriate

offset and Hﬁ'\#ﬁsﬁ ﬂ{deztz E’cﬁ tﬁé’-ﬁ‘geii al.?lﬁtciaﬁﬂlaieg the signature waveform.. Calculation of

the signature waveform is described further below with reference to FIG. 11.

{0097] The user estimator 902 calculates an estimate of A, the user’s complex amplitude.
The user’s complex signature waveform Azhy(t+1) is constructed from the multiplication 936 of
the user’s complex amplitude estimate aﬂd the signature waveform. This waveform is computed
«during the current chip to estimate the user’s contribution to the next chip, The one-chip delay -
provided by delay 914d accommodates providing the appropriate value for the contribution to

the current chip.
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-the current chip. 32 Case 58010-00602 WO 2004/ 070958
PCT/ US2004/ 002318 [0098] For the receiver (which
waeabe7oosewed equi val ently as a matched filter POT/USR0&002318
correlator), ik(t) is multiplied by the conpl ex
- conjugate of the signature waveformand then the rea
[0098] paFor tht rédeiiter Prldchucdn besviewek équivaentlyQy iadeatchadefilth eflas a
filter term This functionality conprises :(1) :

cqrrelator]fﬁ’;kt? 'Esg#lﬂl'tﬁﬁﬁe@gﬁﬂe Rentpga! coﬁﬁlrgﬁtlefﬂ'ize;‘s(i oot WayEBen raﬁ%ghen the

“part t he S|gnatur? wavet orm ( A mul tiplying 9 f
et prt of e ATE ke R s Bt Be L, GRS el
O B e B L B 8 Gl

... .In conjunction with feedback passed through del ay
multiplying| R28dhe imaginpay pathotitpaidls the imagingryi ot afithesigeatunenyayefam,
value to the accunul ator 912, which effectively
-and (3) addimg 30 tiad v prbéuctstogethéroyieldingithetrenl chmporssnt thergolfi t Tile value
estimator 902, which is used in user anplitude

isprovide@ §3 4d¥RinuifordA 209 6drjRHch WithREdvALE Pass&d ﬁfcﬁ{gﬁﬁeta? Jidnfent
10(10 or 11?) below. At every synbol boundary, fhe

- 914a, whlél'[:}g%g%;tﬁ% ﬁﬁ%xjrczngf&(:t%ﬁﬁﬁﬁt&y\faﬁ% fh 'tﬁé g(?éhlﬁgla?cﬁ‘lb lh nwglgﬁ ’%ff?%tgvely

o normal 1 ze the accunul at ot

to mat ched filter-output value.is scal "by. 2.tinmes the
accumulat?%@ﬁeaﬁﬂlsf?r 1BputiR teciserapRliyde R 002 Hish i e
. . (2[a2), through multiplier 932. A. running estimate
amplitude Gptimfion slovartbed uriher aiaetcsane o IGall0(10ar da? Shalaw abt every
. t he MUDPE 900a by conputing the follow ng running
symbol boyudary 0h€ Acountutaomis cleeretl bynmatipteximg 944 iraa eetopl us 0. 99
times the ‘previous value in the accunul ator 934.

[0099] X[ B0drA6Y to hoamildicARd Acteul®drei3adiht inldtded FlkePoitpRIalR is scaled
for the current chip is provided to the accunul ator

by 2 times3BérdcProdal 8f SPEinB¥d Wihe AbPMlo %ﬁancfet%/i‘og)g?ﬁough multiplier 932.

‘ accumul ator, 934 al so receives the pre
p P 0 I £.ough | a 4 Leh ot
A oSG SGy LOERHEEEL Al SR o0n
._incr nted on a chip-by-chip basis.  The soft synbol
computingfie ﬁ‘ﬁ[}’e“éﬁg, TS Y, 0iinefbs culrentianoypti sLmMaeHD. 9L times the
' ; cl ocked at the symbol end to store the accumul at ed
jprevious valye pythegreumylplier P34L- 1) for the user k for a full
, synbol peri od.
100100] The normalized matched filter output value for the current chip is provided to the
accumulator 934 for the soft symbol output S,(t). The accumulator 934 also receives the
previous accumulated value through delay 914c, which thereby retains an accumulated value for
the soft symbol, incremented on a chip-by-chip basis. The soft symbol output S,(t) is provided
to datch 908a, which is clocked at the symbol end to store the accumulated output Sy, (Fx(t)+L-1)

for the user k for a full symbel period.
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;[ 00101] . The soft synbol output Sknm(t) is also
w@awgemshr ough a bit estinmate conputing noduP€T/882004/002318
In one enbodi nent, the bit estimte conputing nodul e
: 904 inplenents a non- .linear conputation, nore
- [00101] pafhé saft symiihol autpuese) aealdd pessad thipppio X bitekianteconipliting
hyperbolic tangent funetion. In alternative

'module 901 Ghé&BRibSdinRhi) e BIPELtintBEMMPARE Wil IR infplenfents a non-
l'i near conputation may be used for the bit

s SRS oA 6

. rov nal bj.t estimate bk" ( 1)

fimction. §liehfayh o Ganents oiAtHaarlifket Sompaipfenseat haarecopitation

this user k for this stage mat the end of the synbol

* may be uspdfor ek bit dsditk0idh. The rexultirit pitexmat8 4y, @phdudhs id faech 908b,

predicted a priori bit estimate bk,,, (t + 1) . If

‘represents the first chip in asynbol, th

which isclfed S GRISU Bl {29roRde B Ll bit et s ¢ e e Sbisdueh

stage or 0. O herw se, bk,,, (t + 1)- bkm (t)

908b provide®#R3bf biteesimath for ek wef k e&tthmtage At the{ éndtotkhe 4 bﬁnbol period.
aI so multiplied 93 8 by the previ ousl y .describ

, , atu e vvav w canceH on at
1[001021 ¢ honGpliniee S tr%w*é ﬂ&?c&ﬂ et %}tsestﬁl@atefb@f(fmlb A1)
the accunul ati on of the innovation signal for the next
represents thenfirss¢hipin a Fmebdlphe Intultijleten eelpete thedtii @timafe frdie thisgevisus
contribution to the signal for the next chip. This
t-h fed,back through a chip delay 914b to
StageorOMéW1§eyg“S(tp %‘eﬂ‘%ext innovatgi on signal for the
. next chip (as hk (t)AA" (t)-),-and also output.from
100103] t hEhd\bIBMHELA Biteestimateeh, addiel)  istalotrhEtipH &DIIByaRS pRfvicakly
' of the other users. 1060104] The MUDPE 900a al so

. r.at | ' th th r ousl .introdyced
described SERATL By kg ORI P b R et ioge st
ni n of a synbol, accunulator 934 t akes its
prediction Fsrﬁgﬁ{fl Otfh% accumytationaf thesigpevatipnsignaliiphthe pggt time step.
previous stage and is selected by nultiplexer 940. If
The result tShtb«p predistinn 08 thewiseris catmlgiontid e signabfop thesnexhphip. This
t he accunul ated soft synbol value. 34
.quantlty is both fed back through a chip delay 914b to be summed with the next innovation

signal for the next chip (as h, (t)Akl;,;,,, (#)”), and also output from the MUDPE 900a to be added

t§ the predictions of all of the other users.

100104] The MUDPE 900a also operates in conjunction with the previously introduced
. inu‘ltistage prpcessing. To accommodate this, at the beginning of a symbol, accumulator 934
takes its input from the accumulated soft symbol from the previous stage and is selected by
multiplexer 940. If there is no previous stage, then a zero is input as the accumulated soft

symbol value.
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'[00105] The MJUDPE 900a functionality may be enbodi ed
wowdaohiomoss ' receiver. It nmay be provided as - spET/WE2084/002318
or also as hardware, firmware, or any possible
conbi nation- of hardware, firmvare and/or software.
[00105] ThELMMIDAFPTO0R: fundtionality maybad¢mbirbedrwithinafrecei varniitiey be
system wherein its instructions are executed by a

provided 2B 6ORRHSO6T- aldot asihaptvalrs Firlre@e, o @ny PosIiblY contsih/IoAAST hardware,
medi um that stores the software, such as an optlca

- firmware ﬁu}%@ shftwide. The MUBPET b&%?wlt fidobe m 4%8m Bkegggstem

nory, or others. .[00106 note

i GEEELRL N LB | 5o 18y s o B e
mul tiple | ggical MIDPES as a. single ph S|cal MUDPE |
- medium ﬂ@bﬁareaéhq SodtvaEss serhyas apopficajdiscip C qt%?ng@m% AeIEtC
be most useful in a hardware :inplenentation..
storage, flagbmasnadrlyyor atlees.MUDPE 900b is simlar to MJDPE 900a and
to that end the simlarly nunbered itens operate as

[00106] deR ¢y adedthabdliheughenestnally, fhert istihe MUDPHI 9008 Y& each user for
| at ches -908a, b, the requi site nunber N of |atches

each stage ¢ %aalsobﬁvﬁﬁlgle% %Hrboggglgi_ltg)l an\/[LﬂBPE’s el @y8 ?ﬁﬁs@cﬁ MUDPE

del ays used. Additiona

900b as inff ﬂﬁfgéﬁ??ﬁ%@%ﬁﬂ&dﬁs% el U BRA ey

implemenige<Cersulos RS MDPPE 406B Th it oMV ISRs B i enhe

previ ously described MJDPE 900a, with over-clocking
similarly ngperelatemsdppratens dsscriherlabe. Hoveever, i lion efindividual laiches
accumul ator and clock delay at the output to add the
908a,b, therentisitdumioardN of latches Y (fafbeare ntedy st m lica @ ichiprdeldB ol 4a-d, “N.
the innovation signal input and the accunul ated user

chip” delafPIT0 H0AE SIS Aﬂdihbﬁalgu tHRUsed Aenpiftidel Esﬁhﬁ@&eﬂl@glgnétﬂl%
chip rate, the MJDPE 900b internals are cl ocked at

Synthes1ze§' 'bﬂ)%ﬁs hove 16 BL hoaied 1o hBée 1'?191&1525 %l th%y QR e eir ?1]1]tputs

It estinate outputs nust nchron

for theNfﬁrég?tﬂv%Q‘%S‘éfsét Pﬁsa{lf&g%‘?é‘?f@ﬂf"ﬂﬁ@?ﬁogg' 45 48 Yl?ﬂlﬁﬁliesmbed

- estimates fromdifferent sta et her. Figures
MUDPE 980a, gnthpvseelogking gug the a@é}tlﬁ)gt()% bggers?, here 1s also an accumulator and

clock delay at the output to add the contributions of the different users together. While the

innovation signal input and the accumulated user contributions at the output are still clocked at
the chip rate, the MUDPE 900b internals are clocked at N times the chip rate. The soft symbol
output and the bit estimate outputs must also be synchronized with the next stage using symbol
rate clocking.

100107] There are several different approaches to qombining estimates from different stages

together. Figures 9¢-9f describe four alternatives.
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100108] Figure 9c is a variation on the MJIDPE. In
woreaen7@es t he accurrul ated soft decisions to hawesi0he002318
interpretation as "log-1likelihoods" the accunul ati on
- of matched filter output nust be effectively carried
00108] ouFigurectc it aggndgin grethe DRI I drderdohihevechniuiatbd gnft decisions
9c by dividing 946 the accunulated soft synbol in the

to have th@dinesrpretition batiogikelifdddSUIhe @t @l stdrSf thitciRedSilpdR Olitpafhust be |
subtracting 948 it fromthe current matched filter

st YRR TR el O aBon o

perl od rom

'.accmnulat?(E%qu TR e bR bV B i ot RPE L o B

filter termfromthe cu rent stage, [00109] FIG 9D
subtracting Q484 Grorwthe cympntamatehed diter iremmsmBsubirsctionclsment- At thegnd of 2
. i nstead of subtracting out an average fromthe
symbol peppdthoersirs aenysulatbdsaftsynatiol fratcthe grevidusstage svomkd lzave been
‘ passed between stages .and subtracted out. Mre
“subtracted $p @it fhdh%bhrﬁulaﬁ&ewﬁﬁldmeﬂatfolf tHeahattREAMilted G&he froly/the RErrent
i nnovation variance (2/a2), for each chip is passed
into a first-in-first-out (FIFO buffer elenent 950
and is clocked out at the chip rate. A si gnal

j e al ed ter t m.from t .
100109 | RACEBBIY apltubrVarh S iFNOLRE. i bl el R s Rpieoting
current scal ed mat ched fllter term usi ng subtraction

out an avegage (o (hg BECVioHsStages he é%tmltmqtghe@rfﬁqfer SRrme s RAsEad; B tw g stages
accunul ator contai ns an exact accumnul ation using the

 and subtragfed puld Mase eprsificrily; the matshed filier temaysceleil by tieonnestatips variance
fromthe beginning of the synbol to the current

(2/0®), for saohitwhip isipessad tntona fastiindirktamt (EO) bussi elsrabntd50and isf docked
chips after the current chip, the :accunulation has

out at the dhifErava AU ok %i)téﬁénﬁﬁ‘%th@ cENéDMatcBRERer tHREHBAMAR pRYRBUtage
this technique is t does not need to approxi mate

i SRS LA A6 THiTA nl

element 9%%&%11?[{%3(“? a& %t evaxgre 513 g‘l}eaz?cgvér%ﬁalt%? ¢ {%%%H (ﬁ%ct accumulatxon
variation invalves nerging of th
-using the Sf':ﬁr\% {qa@ﬁgd gfteratgla% £RT eaehyehip.cFioy chips fomyike bieglpgmg of the symbol to

accumul ator 934, and the placenent of the
: the currentraynbplthie ecatinyHateindmes the 1832 staley endforchips eftert the c@ent chip,

»stage.

the accumulation has the value used on the previous stage. The advantage of this technique is
that does not need to approximate the value to be subtracted off by its mean value. The
-disadvantage is that it requires and additional FIFO buffer.
| 100110] FIG. 9E is another variation of the MUDPE that could be used for the first stage of
MG-MUD. This variation involves merging of the functions of accumulator‘(912., FI1G. 9A) into

accumulator 934, and the placement of the multiplication element 932 at the output of the
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accunul ator' 934 rather then the input. If this
WO a04Aari9sr had been used on the first stage, tpPenUBINN002318
accunul ators 912 and 934 woul d have been initialized
, with O anyway. Simlarly, on the first «chip, the
accumulatoriP34 yathsy they tad impentif 6dovaration hahbemaistden Hiet firstsstagepthen both
as 0 and on the next. N1 chips, where Nis the
accumulatotyd1erand 934 hiopid e beyihtializ6DAAED z{n@ﬁrag.' Silrﬁﬁﬂllér@i the first
fromthe output of the nonlinearity. [001111 FIG 9F
‘g . - I - - .
chip, the s PIEKRE GRCADOND FouldehBbaR bt binhinF e ind bh eIt s
.T rymary.differe .S that .elimnation of
where N ig 1R R B chs el RO, ot B oyl i diupont o e
.. current bit estimate bk. (t) , the output of the non-
_monlinearify. nearity 9.04 is |atched at the synbol end. The
‘ estimation used in the prediction, 6, (t +l)-, is
[00111] - ¢ EK&PF4s avhatisg: thatds einfilap to FIGk 9 Bis used ts implement a PIC
;[ 001121 According to still another aspect of the
- algorithm psiag e archiveeire OThe prini&§ difidrentedttat elirinaliod 8ChtliPlexing -
: i mpl ements various MJD net hods through the selection

. : e gain.factor ..and. a nen-|inear fupctjon.
ctement (i, 8%, SBF b st ore St wfSpRug b ABE arh{Y themon
: Multi-Stage MUD .(RVBM algorithmarchitecture) is a
 linearity 90 st lbtcBéPdd The $ANBY] 8nd. AR esiiBHGTRRY & heDr&fictidhe HPIELH | i
4 functions comon to vari ouﬂsml\/tlbD met hods’?) %gioglbmﬁ 18
functions inpclude nulti-stage state prediction and
‘taken as ﬂ’(?ﬁ&%‘f‘%te&?% CRYI9KPAECagonal gain matrix update
o equations. The RVBM architecture is configured to a
100112] s pAesardiag tamilhenotlenr abyect of thepresen gnventiom pregandigutabls
.time and stage-dependent gain factor that
architectureomplespotsdarives MU metieidh ddoughte seladtioplofanivpdatalgsia factor
requires the selection of a nmethod-specific
- and a non-fifékr finttiah. T SlchREtus @GR 16 M BRIR REisivEaVLRRSBRSMUD
decision, and ,the selection of a nethod-specific

oIS S AU AP R 0
functions @1 scgnﬂ%og\{ag?f’ls m Hg@@lﬁd'a.a’l:kﬁp(%o%rg%g&%g | eqwgﬁ%@g _ti-%taige state

L Cage d’58010- Q0602 . . . . A .
prediction and update equations and diagonal gain matrix update equations. The RMSM

architecture is configured to a specific MUD method by calculating and applying the time and
stage-dependent gain factor that corresponds to that method. The configuration also requires the
§electiqn of a method-specific non-linear function used for symbol estimation and decision, and
the selection of a method-specific state update equation. MUD algorithms supported by the
RMSM architecture include the Mixed Gaussian Demodulator, PIC, Partial PIC, Decoupled

Kalman Demodulator, and hybrid multi-stage MUD methods.
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WD 2004/ 070958 PCT/ US2004/ 002318 :[00113] FIG 9G
illustrates an enbodi nent of the ' MJD processing
web@aonos®00g enbodyi ng the RMSM ar chit ect ur ePCTTOER04/002318
processi ng el enment 900g i npl enents the functionality
, of -the processing elenments depicted in FIG. 9A-9E in
00113] 5 BiG Qs acmhodimanef frbikpragessin ehsmnt 800
' contai ns additional sw tches 952, 954, 956, '
embodyingtiecoRMEM taechitedrerei Mhisgetocdssing elkinentl9d0eanpidmad the dinctionality
' gain factors 3k. (t) and subtraction 956 of Iikelihood
" of the prodegdifgd €lémbRk Bpidted iPPIGAD ARG :%ﬁlél@ﬁrcliﬂ&ﬁur&a{; lﬂ%@béésing

sinplified but is otherwi se consistent with

e Y S 9,55 8 BRI B

vari.ous .non-1| inear deci sians nct.i ons be appl.i eq,

* difforent s oF GRIR PV i) 4P SERRTPB0 00 WkeHoOd AT (SRS £0n ).

P depicted in sone of the figures. Additionally, the

~[00114] ¢ ol &G Imasbeen vaymublyesyraplifie tni dswtherwisercoasistan it BiGk. 9A-F.
. line in lieu of two lines. Accordingly, the function

- First, it ilhtkratis ke nni18feadBisich fMBEERO004 géherally] s Withedth&28mbodiments,

Complex multiplier 926 nultiplies the incom ng signa

 yarious noﬁMin‘é?E%e%&fH ¥ Gicfo r&%‘%ﬁ% %ﬁ%@éﬁuﬁﬁ% bt ﬂ&%egi to the -zanh

wave uncti on e -conj ug

oo oG858 e PR bl S5, PSP A SRS S S

. ; recipracal of the magni tude scaling_ functiaon 962,
in a singlo bgfd ¢ indisu Okt et AsPodinedy. dissfuB icnel metiplarses dnmerged
- .gain factors b(t) can be used and so the user
;into multi $26. Udemplgr nivdtindisr PR anudtipliss the ifcomihg signalttey the conjugate of
functionality provided by respective nultiplexers and
: the synthed®ddasjgnaivse wavefshoRurtion 964 peders the dorj@gdien operagdes Since
- into the illustrated accumul ators. 912, 934. [00115] By

this designSe@hiRatds Rl afdARedtin@ble8 tim?fen%'t Parfoe Bﬁfe§<alg§§%ﬁﬂs,nﬂle reciprocal

various swtches, and selecting the desire

: of the maglé' d sjcﬁ]l?r?g fuﬂ@cﬁn%&?s&i‘t‘&%ﬂg gl;xde%;nltii)lig{) agrrg 5?0%&:% s%!d%g(%gltlt gain

g can easily be’recontl orma’sin

s B2 SRl 5 R bR Ko ©

met hods. 100116] Oten, the nmethod-specific set of

functionalifypravidgd by respecaive puliiplexard sl dadeysanmotsheyveiul is uaderstood tobe

. table. Inits nost general .form the size of each
~merged into g ilusteated AdcwmMatorkP12, &B#e where N is the 38 Case
58010- 00602
[00115] By selecting the right set of gain factors, setting various switches, and selecting the
desired non-linear decision function, this processing element 900g can easily be reconfigured to
perform a single stage of any of various MUD algorithms, such as PIC, PPIC, DKD, MGMUD,
or various hybrid multi-stage methods.

joo11e] Often, the method-specific set of gain factors can be pre-computed and stored in a

table. In its most general form, the size of each table is a [N x M x K] table where N is the
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WD 2004/ 070958 PCT/ US2004/ 002318 : number of
chi ps/synbol, Mis the nunber of stages, and Kis the
wo edaoalo7ovssrber of -users (or channel s). The curP€nUS2004/002318
user, the current processing stage, and the current
chip wthin a synbol -determne the indices into a
number of chipb/eymbdlOM ik The fihabey aif stagenc arot Kvethe dotsl tnbea b€usters (or
function of the current algorithmin effect and the

- channels). STIRGRriebiRer, thd AREAbprobasinElstage tdhd tBddirehfEHip fwithdd £symbol
i ndependent of both the stage and user and are: 3(nk)=

"determin ehé &km a{ﬂb , is the current chip index wthin
ete e“ﬁe sg:/rrbo 3 eN| s the nunber nk chi ps per synbol .

[00117] flbemlg e e T ot & ol 1%? the B 'agg'gﬁg@gl effect and
' dependent vvel ghtlng. fl (nk) = A where O<_ A S 1.

-fthestagenmbmally, the | m approaches 1. O as the nk stage
: nunber increases. [00120] As the nanme inplies, the

[00118] 9ot Hiegihe pafnfactbRarSindskendtntWEbuthate Ethg‘@zdrdgfsbﬂar{ﬂadréfan
[ ] Denodul atorg (BFKD) is s?l?regly ~3m ( nk) where a. takes

10n a user defined value between O and 1. Refer to B.
ﬂ(nk) —Whmgam fnd, N} isBuesuatent clip ey v§ithin getginlrakani Y isghe number

: "Technique for Miltiuser Detection," Proceedings of

the I EEE M| com 2003 Conf erence, October 13-16, 2003,
<hips per sfmbolal gorit hm description and rel ated references.

' 100121] Gain factors for the Decoupl ed Kal man

J00119] Dermdsniafaetord fookHie Kafidl PFreclii#hn isdmileto PdefbubBRlude a stage
according to J. Dunyak, "A Decoupled Kalman Filter

Techni que for Multiuser Detection of Pulse Anplitude
dependent psipbiting; /5,;;1(@%”‘4' whee® Pipsl. Normillvethedw apprbacisi lc@ips the
Communi cat i ons,”2002. 39 Case 58010- 00602 WD
2004/ 070958 PCT/ US2004/ 002318
stage number increases.

{00120] As the name implies, the gain factor for the Block-structured Fixed-gain Kalman
‘Demodulator (BFKD) is simply S, (1,)= —aﬁ where «, takes on a user defined value between 0

and 1. Refer to B. Flanagan and J. Dunyak, “Steady State Kalman Filter Technique for
Multiuser Detection,” Proceeding; of the IEEE Milcom 2003 Conference, October 13-16, 2003,
for algorithm description and related references.

[00121] . Gain factors for the Decoupled Kalman Demodulator (“DKD Gain Factors™) canbe
defined according to J. Dunyak, ‘;A Decoupled Kalman Filter Technique for Multiuser
‘Detection of Pulse Amplitude Modulation CDMA,” IEEE Proc. of Wireless and Optical

Communications, 2002.
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[00122] It is assuned that one of several non-Ilinear
deci sion functions can be sel ected depending on
wo b@4de®ss ed al gorithm desired. Candi date funcP@DNS2004/002318
include the hard-limter,. the sign function, the
clipping limter, erasures; and the hyperbolic
[00122] t angeakumédthat esabfelsralnob-liRuLdecidistMuhtihsich@be selected
assigns an out put of A 0, +A depending on.the input
depending Xt becs Ly bt (S EHaD BRLPA L Dl Rinipoid e P Bpitr, e
. can, be..adapi.ed. t o _a speci.fic algorithm Referring.tc
sign fanctB e SGHRTRR e Sripiir i oo udBenic B Hrk s a-tovel
: . algorithmare as follows: [00124] For PIC 1. Use the
-+ function thyh pssigng ap gpPut of—4m G +A dependingpp dhe inpwsignak gai n
. factor .is scaled by the inverse of the absolute val ue
[00123] of As ktetadpeeviousiy Mithhid aZha@etof auew phraBietars, tileRMSM
: regenerated signal is added to the' input conplex
- architectue@ag ba adaptedto\eapecific aigotijhndt. Rdfeir@geto Fogré 0% the Sénfigheation for
non-1linear synbol estimate fromthe' previous stage is

| each specigéﬁfﬁoﬁﬂﬁﬁ)ﬁ'e s ifdffows?-  Sel ect desired non-linear
- etection function with an preceding 1/N scaling 6.

- Set. the.likelihood term 4,-(t)=0, where Ni s the
fo0124] nuﬁ%reﬁ%m chi ps/synbol. [00125] For PPIC. 1. Use the
gain factors_for Partial PIC 2. Set switch A so the
1. [B@QFH%W5§¥¥WSﬁ§I' al ed by the inverse of the absolute
2. Setsritrl Ao thegainstastor wmprlpd by thegnvegen ofdhp dhsplute value pfthe user
. amplbfdaer ated signal is added to the input conplex
" 3. Setwwtzhdhsb thamegeatiated signat ¥ addedhoithemputsauinipdéx @sslmantl ienovation
~i(non-linear synbol estimate fromthe .previous stage is
‘4, Trigs&EwerRIYso the ﬁBn—liﬁeaﬁZinbﬁI estifRitd 6k A previbesstage is used every
-tinRet ection function with preceding 1/ N scaling
5. Select desired non-linear detection function with an preceding 1/N scaling
" 6. Set the likelihood term &, (£)=0, where N is the number of chips/symbol.

100125] For PPIC:

Yo

. Use the gain factors for Partial PIC
-~ 2. Set switch A so the gain factor is scaled by the inverse of the absolute value of the user
amplitude
3. Set switch B so the regenerated signal is added to the input complex baseband innovation
i(t) | |
4. Trigger switch C so the non-linear symbol estimate from the previous stage is used every
time.
5. Select desired non-linear detection function with preceding 1/N scaling
6. Set the likelihood term &, (r)=0

100126] For MG-MUD:

1. Use the gain factors for MG-MUD
2. Set switch A so the gain factor is scaled by 1 ,
3. Set switch B so the regenerated signal is added to the input complex baseband innovation

i(t)
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hd

-6. Set the likelihood term~,," 0=0 [00126] For
M5 MJD: 1. Use the gain factors for M>MJD 2. Set
W@ AomIss so the gain factor is scaled by 1 3.PSPUS2004/002318
switch B so the regenerated signal is added to the
. i nput conpl ex baseband innovation i(t).40 Gase
Trigga 504100 60D thrROM hQF OGS sROHGIISAMAK/10 0Rd EBery4dime except at
the bemgRiz ofWisi@bolbomdirye Tie whichthsd) 6nlinea aymbdyldatimate from

thePeévioR!PadeSs te@d every tinme except at the beginning of

Sel@ctd, er EQQ%%M'E orlatlipBinghingige. non-1linear symbol
To?xﬁ eﬁ% ERibYa velforPSMGMYITS 808 ﬂiﬁelﬁfb%ﬂterﬁl 5,3@)%%%0

1
. yerBol'i’'c tangen a Cl1pplng m ter N,
lmplﬁﬁpgriﬁaﬁe PP gensiongzet Ve &) o‘-r(sseff SyppqViosimatgropharevious stage)/N.
To lingletriehoRigutedrdmersion, 6¢t) &O(¢) Equal ioithleenmadpordigg neatded filter

tenﬁ%(ﬁﬁg{é,pr%@)&'stz(%ﬁ) = (soft synbol estimate from
previous stage)/N. To inplenment Figure 9d version,

,‘[0-0127] Sefor Kf)t) equal to'the corresponding natched filter

B LN

termiromthe previous stage. 100127] For DKD; 1. Use

the above intr in Factors 2. Set switch A
Us?ggjfgowqumﬁgoéqce%i}ﬁ%a?r@ac%@o 0 .4. Trigger switch C
Setsyitchd 32}k non- 1 i near synbol estimate is used
Seteyeich Blore except at the beginning of a synbol
Tripgarsuaicly C sorthevnrodnt sersineansymbolrstimateyisend eystyitivae except at
thefbeginmirigtod aymbblhmimdargg én whichesk, nbn-lifedraginbelidsinate from
thep@dvibusneae id wwedl ion 6. Set the likelihood term 4k,,,

"5, Seleét)IBD> non-linear function

6.

Set the likelihood term &, (1)=0

{00128]  For BFKD:

B0 2

Use the gain factors- for BFKD

Set switch A (952) to 1

Set switch B to 0

Trigger switch'C so the current non-linear symbol estimate is used every time except at
the beginning of a symbol boundary. In which case, non-linear symbol estimate from

* the previous stage is used.
5.
0.

Select <TBD> function
Set the likelihood term &, (£)=0

4[00129] - FIG. 10 is a schematic diagram of an embodiment of a user amplitude estimator

1000 which can be used in the previously described MUDPEs 900a, 900b. As previously

described, a second accumulation of the matched filter output is performed that is always

initialized to zero at the start of a symbol, and not normalized. This is referred to as the matched

filter accumulator input, which is received by the user amplitude estimator 1000. Additional

inputs include the fractional part of the timing offset, the complex channel estimate, and 2 times

the reciprocal of the innovation variance (2/0%) as shown. Regarding the fractional part of the
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[00128] For BFKD: 1. Use the gain factors for BFKD 2.
Set switch A (952) to 1 3. Set switch Bto 0 4.
waeiggasswi tch' C so the current non-Ilinear syP@DUS2004/002318
estimate is used every tine except at the beginning
of. a synbol boundary. In which case, non-linear synbol
timing offsess ing ease phHiwmineniiset ol ik chip agselution, hisiuriber S61l de a 4-bit
: <TBD> function -6. Set the |ikelihood term4 ' (t)=0
quanuty 0: 1500t 4l] bifd 16.thd fightofahskihaypoint.  Thyah@vall trused to lookup the -
enbodi nent of a user anplitude estimator 1000 which ‘
pilot powéirémr e }gnﬁ.@d THe gild€p W@db&&'?%bébmm Yaedo MERESs Mot power

previ ously descr a sécond accunulatlon

:correspon&ﬁ%&é@ﬁle% LS gfcf\}ujiet s l%hggﬁon't Sgl'ﬁeqai 0L esa gﬁ%agpcal of thg

It 1 ze O zero

and. not lized. This i. eferred t s the maf ched
innovation Y*W‘Efe is B R Boplg descripp expeaas swplird ouhegest pishe
user litude estimator 1000. Additional inputs
MUDPE. iﬂh@lcgmé ek sharmehestinnteis qbtaineddfom e previowsly descsibed CIRE
conpl ex channel estimate, and 2 times the reciprocal.
module. of the innovation variance (2/a2) as shown. Regarding
: the fractional part of the 41 Case 58010-00602 WO
100130] 20@H¢ BP9 8 atifeldrisiR0MNs APSikiGe ntrhBrtgpieslySREs tharh Bnéh Which

case of timng offset to 1/16th chi'p resol ution,

' measﬁres &E%of‘%&i Ju%ep? ﬁﬁlpéﬁﬂfetto tlﬂ't@ﬂ?lé iﬁ#%to Tﬂx«?u T \RlﬁHde Q:Etluﬁa&no 1000

|nary poi n s value

r for. that The Iot
will compﬂtmaﬂﬂ}%%mte% fRsapirelhy Vi hafis. Sbr B8Tafeong riber fake
power. correspondi ng[ to the phase to provi de t h| s
convex combrr@il%pf s pormh estiagip andsthe pripy prsrent ptimate phihg caare pf the
the innovation variance is the value previously
user’s relative empliiwde. a¥lobespegifically fordle paatmkter newhichfin tHedigure is 0.99, the
- NI [ JDPE. The conpl ex channel estimate is obtained from
‘estimator 1009 tpkes\0i01U$ !0y tidasaké pnt dshifakte pIROMDS () times the prior estimate.

The result is clocked at the symbol rate (1014) and the square root of the result-(1016) is

_ multiplied by the complex channel estimate to provide the user’s complex amplitude estimate.
[00131] The point estimate is computed by taking the magnitude squared (1002) of the

--matched filter accumulator output at the end of a symbol and multiplying it by the reciprocal of
the ;)rior estimate (1004) of the user’s relative amplitude squared. The result is than multiplied by
a scale factor and a bias is removed. Finally the point estimate is limited to the range 0 to 1.
(1008). The square root of the new estimate of the user’s relative amplitude squared is taken and
then -multiplied by the complex channel amplitude estimate té obtain the complex amplitude
estimate for that user. The scale and bias terms used in the calculation are computed as follows.
The magnitude squared of the complex channel estimate (1012) is multiplied by twice the
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[00130] The user's relative anplitude is a positive

nunber typically |less than one which -neasures the
WO 2004070968 t he user's anplitude to that of the piiT/U82004/002318

The user anplitude estinmator 1000 wll conpute a
> pai nt-estimate _of the square of this quantity every .
+ reciprocal of thegnnovaign yarance. Kk is alsgmuliiplied by dhe pilatppwas 29 proyided from
the point estimate and the prior current estimate of
~ the pilot ppiver Elid0¢0,0fhicthmay be diffgentaleperiditg anthk Uthitelendfingethe
specifically, for the paraneter a, which in the figure
fractional p&rt Of 88 tintifgoffes! Thetceiprd &) & thidaesT the Rdull- {t03X) 4J thEBias. The
' the point estimate plus 0.99 (a) tinmes the prior .

LI . J . : * r

quantiy <3858 81 lica B RicE Bt skoip ol AR oo BlatlohRa N o Butpue

< tiplied t he conpl ex channel estimate to provide
squared a@ﬁé“ﬁé’é?‘ﬁ%e%ﬁﬁﬁ& anplitude estimate. [00131] The .

: point estimate i.s _conputed by taking the magnitude
[00132] 5 EKs-dd 18 2 sehematic diageam Hipstpzng 1 qalodiment oalsianeiure

output at the end of a synbol and nultiplying it by

‘synthesizer 00, adiighr capdie uséd bt the préviousbsinirodoed pil60equisitidnh €TCE, and

4 user's relative anplitude squared. The result is than
pilot cancellatibh plddelds byd tie MUDHE ThéhPinddndgRabi fifotd frec8APURE using

Finally the point estimate is limted to the range O

| linear feedtbgclélshiﬁ 100&drs (THR)SA8ar Fll J69R bl ﬁ@%g@ﬁi\é’d%? & gﬁﬁgﬁg Qhich as IS-

e user’'s r_elatlbve ﬁnb tule sqﬁar |st|a_
95. For cali{ EAEHA W] (s, MEERIPLcE iCHHRMPY o e P aliEblergo2

that. user. The scal,e.and bias terns used in the .

The result 1 BFSC M el Bl COBRSD PIeBoL OF el bifdg mapped
squared of the conplex channel estimate (1012) is

to the symhgll tli piq rrgdusg apvpteolated versiocatde p80Y0-000 66 the\iO required
2004/ 070958 PCT/ US2004/ 002318 reciprocal of the

“fractional offset\the binaryiapit ansebe filtered 1208 d 100U T ithpd prefénteyl ehddediment, this
pil ot power,. as provided from the pilot power LUT

filter is a 12Q4P finiblirggulsea¥spoasiFIR pHRAL THERSMEINGheNthE hRotsyRteSized in
denoting the fractional part of the timng offsét. The

o o SR 4k 18y LUy iy s ot

reci procal of the innovation variance and the out put

channel. squared (1006) to produce the scale. ;[001321 FIG 11
. s hematic diagramjllustrating an enbodi nent of a
f00133]  g; %‘%'aﬁéﬂ%as Mefiediagam lilfeﬂmtwpbﬁgl@amea@mwcﬁlwys thptecan be
previously introduced pilot acquisition, CTCE, and

used by the MUDPE signature synthesizer 1200, more particularly three different

- implementations 1202, 1204, 1206. Since the input is binary, the output can be calculated using
alook up table. There are several tradeoffs to be made in the implementation depending on the
cost of the lookup table vs. the cost of using adders. Preferably, since there are 16 possible
fractional offsets, 4 bits must also be used to select the correct filter. The one table

implementation 1202 requires 16-bits (12-bits for the data input plus 4 bits to select which
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pil ot cancellation nodul es and the MJDPE. The real and
imaginary pilots are conputed using |inear feedback

W@ boofin7e9eg)i sters (LFSR) 1104, 1106 as woul d bePCT/US2004/002318
specified in a standard such as IS- 95. For each of
the 64 Wal sh channels, a different code is applied

fractmnal bfifsuit) dr%éS%lcﬁ:btldlﬁhb Brolib&2the olipit, Has ek nb SidditioAaATygic. The
sequence. A "0" bit is napped to a synbol.of 1., and-a

two-table m’lplelﬁéﬂtaﬁcﬁl mpﬁ‘egmrésc%wb h@-tﬁb’ﬁ’@ﬁk or& tind&s WZQ%@ES ﬁﬁatlons For

i nterpol ated version of the pil one of the

e 7 r he Lnar. t
e 10 SR o A e g g?»tgarevmﬁ&ﬁw e 12
fi n|t i mpul se response (FIR

bit sequen?q ?rttﬁ? See?ﬂ@ h‘zﬂﬁsﬁm optptts gf thedivo tt?@esdnvsstbe §9¢ﬁdﬁeg¢t9@do replize
the case of Walsh code O (which is all |I's) or the

- the 12-tap Ty fidiens fie thedbpeertade fmplementatiorh b?OGJ\ﬂiISEh&btt liahlesasdre required, or 3

:[001331 FIG 12 is a schematic diagramillustrating

L x256= 7($ubeat1bh$) Hon tter§isitsalt birs sdledt tey Sactionil offest 4@ thelster Hlits are

t he MUDPE si gnat ure synthesi zer 1200, nore

elther the RRMnkC 8} 8fd A bit Qéﬁﬁeﬁl bf fe1eMit mbﬁipéegﬁ@ﬂz ations 1202,
1704,” 1206. Since the I nput 1s ry, the output can

1ootsy Doy 5t o By LS e B e
SRR [ NG RN R

possi bl e fractlonal of fsets, 4 bits nust also be
* invention hpsdeen dessrbedin conuderable deteil it rsferema do oatsin asbediments
i npl enentation 1202 requires 16-bits (12-bits for the
thereof; thelmivanticnpmty hé variotisly dnsbotlizdseitlent degairtidy #3@n theasdrit or scope of
58010- 00602 WO 2004/ 070958 PCT/ US2004/ 002318

the inventibh.aThérefoat, thd folleiwinglaifk2BEuIl a6ehd RRfed © tAE QMeEPtion of the
t heout put, . but uses no additional |ogic. The

'embodnnefﬂé"?:oﬁt@ﬁﬂeﬁh\efmiﬁ gtv@aé/‘ on 1204 requires two 10-bit
tables, or 2 tine 24 =2048 |l ocations. For the 10
blts 4 bits select the fractional offset, and the
other 6 bits are either the first half of the 12- bit
sequence or the second half. The outputs of the two.
tabl es nust be added together to realize the 12-tap
FIRfilter. In the three-table inplenentation
1206, ,three 8=bit tables are required, or 3 x 256 =
768.1 ocations. For the 8 bits, 4 bits select. the
fractional offset and the other 4 bits are either the
1st, 2nd, or 3rd 4-bit segnment of the 12-bit i nput
sequence.

44
“ Case 58010-00602



:[00134] Thus enbodi nents of the present invention
produce and provide i nproved interference
w@amgmlhdat i on in a CDMA. conmuni cati ons envi r onPETUS2004/002318
Al t hough the .present invention has been described in
consi derabl e detail with reference to certain
enbodi nents thereof, idreAIMSenti on =naybe vari ously
enbodi ed wi thout departing fromthe spirit or scope of
. ~the invention. Therefore, the followi ng clains should
1. Ampesthog foncapsaling mutiplg aiserdBierpishe i agionipenications dYsiem Perein a
contained herein in any way. 44 'Case 58010- 00602 WD
plurality o? 064s QtABE cRETH GISMAIAB2BER the GehoNBompridinget hod f or
canceling nul tiple user interference in a ,
receBANRN i@pht tRARADroviaéseipluidlief 6f dsodete RhiueSprotivcediat BifREimbol
communi cate over a shared-channel, the nethod

COTB: 8 AL 4050 ) 1L BEH 853 v
St ] e b R B B rvins

current sub-synbol interval for a current synbol and a
pr ediseigte valpasarssrongs & prsyious §%ﬁw§bqléntarvs¥®y il @arrent
sub-synbol interval for the current synbol; and
est symbolpgndsynbol s for a given user fromthe plurality
of users at sub-synbol intervals, wherein a current

est@fitingalinbBlsifor a fiven géor erdnite pnasiity BRusSs at 6 slyind6! @fervals,
the current discrete value that corresponds to the
cur LeRfeisy Blent EQmidm Bt 18 %i%éﬁ%%er%ﬁma&@?‘ﬁ%hﬁm of the current

interference produced-by the :plurality of "users as

det ' Jromthe - previ Lscrete: val ue durin

t e SsPist e B olSapouft b8t 3580 Attfuct o
claiml .wherein the c ications.systemis a c¢ade

" ai Gsplntaipene rrpduced bl plBrl et e s sristaipet digm the
3. The_ nethod of claim1, wherein the sub-synbo

i nt Brovigus diserstecvalys duringthaprevions sutheymkal prservel. cl ai m

1, wherein estimating synbols for the given user is

2. Th¥ ﬁ{eftl%ﬁmla?% 1%wherein the communications system is a code division multiplex

access communications system.
3. The method of claim 1, wherein the sub-symbol intervals are chip intervals.

4. The method of claim 1, wherein estimating symbols for the given user is performed by a

piurality of processing stages.

5. ‘The method of claim 1, wherein a plurality of processing elements respectively perform
~¢stimatiohs for each of the plurality of users at sub-symbol intervals to accommodate canceling

interference produced by the plurality of users.

6. 'The method of claim 4, wherein the plurality of processing stages includes a first stage
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plurality of processing stages. 5. The nethod of claim
1, wherein a plurality of processing el enents
w0 e@ppTdsyel y perform estimations for each of P€TES2004/002318
plurality of: users at sub-synbol intervals to
accommodat e canceling interference produced by the
and a secpdustagd, the foft sttpenpsovibing Thacemmidiatdd edft syrabohodtpunfoeties given
the plurality of processing stages includes a first
user to th8 b@&@Ad stdde, thesRomBaAL: &Qﬁﬁﬁnﬁ@rﬁ&ﬁéf&?@@%&m user using the-
= PCT/ US2004/ 002318 and a second stage, the first s%age

-accunl.ulageircf)s%h@yﬂ:%o?&\%tgl&?uw' ated soft synbol output for the

ven -user he second stage, the second stage
estimating synbols for the given user using the-
7. Themeihol af eldins 6f Wheryintihd input giteceived bhhie BRohd etagé istetiysd by a
6, wherein the input as received by the second stage

“symbol pifodiRIANE B thit ReeifddByPihe BRStisRder €l ative to t hat
oo preceived by the ?irst s?ageé ? The nethod of claim1,

: . _Wwherein synbol estimation is based upon one of a
8. The metimadof cleim 1 swhaeiadymbpbestisstipmis tsedupofirore wf & madinofm
claim8, wherein the m ni num nean squared error

. mean squeGtlieffof estinfaté | i near mean squared error estinmate. 10.
The method of claim1, wherein synbol estimation is

- based upon a m xed Gaussian distribution. 11. The
9. Theppibad ef claima B riwhereippbes minimupumeanseapred eageestinpateristalinear
‘ pl-urality of processing stages are of different
mean squargdesror éimathe net hod of claim 4, wherein each
processing stage in the plurality of processing

o st ages r.for nul ti  user. detection, .al gorjtt . ‘
10, TRUREER A RE TR s ERoR  RacdinpBd Mtsg Clpsgian
(M5, decoupled Kalman (DK), parallel interference

distributigmancel | at i on (PIC), and partial :parallel
interference cancellation (PPIC). 13. The nethod of

11. T% xﬁl?tg}aél ?t;/ &%1?1{ g i \phe“?%gi Fxhdémﬁﬁss%dg@ fiohAHE piu?ah’ﬁb St processing stages

proce
are of different types.

- 12. The method of claim 4, wherein each processing stage in the plurality of processing
stages performs a multi user detection algorithm selected from the group consisting of mixed
‘Gaussian (MG), decoupled Kalman (DK), parallel interference cancellation (PIC), and partial

parallel interference cancellation (PPIC).

13.  The method of claim 4, wherein each processing stage in the plurality of processing

stages includes a recursive multistage demodulator.
14.  The method of claim 13, wherein the recursive multistage demodulator includes gain

factor and non-linear function modules that are reconfigurable to allow corresponding processing
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:stages includes a recursive nmultistage denodul at or.
14. The nmethod of claim 13, wherein the.recursive
worioiossgye denodul at or i ncludes gain factor PCT/US2004/002318
andnon-|inear function nodules that are reconfigurable
to all ow correspondi ng processing 46 Case
stages to- pbforhda GO AsenQeR0dd Algohif sEtiedIRA0 iRl onsitingeSmixed
to-performa nulti user. detection algorithmsel ected

Gaussian (MG)THE&ﬁ HAGImER ?Ek?t PabdlePintdifor@ite cAmsasicH (PIC)ViRd partial

ecoupled Kal man paral l el interference

H@& nd partial parallel interference
parallelmt%ancg &ﬁt%g@g@ 15. An apparatus. for canceling

nultlple user interference in a comunications system
15. Anvipparaius far qantdlilgihyltiple userdnerfemnoe i £edremoniestions Sy d

channel, the nethod conprising: an input that receives

wherein a ? TuPdIy ahhdeks %mﬂhﬁﬁ&t@ berAhbRa cﬁéxﬁféy GRSImeihod YompHaRe!

ntervals that are less than a full synbol peri od,
an gﬂ):f\ g’ﬁ{l re%elggsqﬁlg%qlﬁy §f (Eelrgc\;gt]e \(’3 g %r%gﬁére?iag ?lﬂ)d§ l?cfl 1rﬁelgals that
d .
g LEYI Jess tha SC LS V%h Bf;.nqdh %1%3 %gafrﬁ ; aﬁaep oc%%responds to
a- flrst proceSS|ng St%& LN comrmuni cation with the
i npacurrenigub-ssmbekintesy Mmugremcﬁmé)ol gnd/epretious digerete value
sub-synbol intervals,: wherein a current- estination
f or codespodsien pusdous sabisymbbEiateavad dort the oursdnt sjmbol; and
current discrete value that corresponds to the current

aiﬁétrp?&ksg‘l sta ngédfﬁ[ﬁuh!i%ﬁ[onaﬁﬂl 1RREAIL SthhtYsBmbRE 811ABols for a

pr oduced he plurality of users as determ ned from
th -
e ARt i Isfhfg%zg%sﬁzc LM Rorgiven o

wher lnthec catlo code dj vi )
i ERiSS SeBat oF i PR ?yeﬁ@ﬁforiefm#ﬁi o B Fhrent
apparat us of claim 15, vvherel n the sub-synb
i nt &Ymbeldorthe giwnyserand congels mtfgferenﬁ@m&b%ﬁddw&e Bhurality of
claim 15, wherein the first processing stage is one of
a: pbas ad detgrmitied fporo desprevigusdiagets vabedlutiog gt firevioes sub-
synbol s for the given user.

symbol interval.

16.  The apparatus of claim 15; wherein the communications system is a code division
multiplex access communications system.

17.  The apparatus of claim 15, wherein the sub-symbol intervals are chip intervals.

18.  The apparatus of claim 15, wherein the first processing stage is one of a plurality of

',;processing stages used to estimate symbols for the given user.
19.  The apparatus of claim 15, wherein the processing stage comprises a plurality of
processing elements that respectively perform estimations for each of the plurality of users at
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19. The apparatus of claim15, wherein the processing
stage conprises a plurality of processing elenents
WO bat/orespecti vel y perform estimati ons for eachCDUS100€002318
plurality of users at 47 Case 58010-00602 WO
2004/ 070958 PCT/ US2004/ 002318 sub-synbol intervals to
sub-symboh intervals taeesommndatecancdling dnteerercearodusdd by thegyluraliey of users.
pI urality of users 20. The apparatus of claim 18,

wher ei n eb I es ,sta s i ncludes .a
20. Tha? app atussctftézgaé dw Clgé{:%ﬁ aﬁg@iﬁ é)%p{o%gssm qees [nelpdes a first
. provi di ng an accurml ated soft synbol output for th
' stage and agaev@mi tagss thedirgtiilags PEQAYUNE pA gecumuiied snthrantol qyiput for the
estimating synbols for the given user using the
glven user & thesatantisthgs,dhé seopnd sthgoestimating 8gmbath éordppgiven user using the
claim 15, wherein the first processing stage
accmnulatédmiﬂedyﬁﬂios @phi. ni mum mean squared error estimate in
' estimating synbols 22. The apparatus of elaim 21,
, wherei n the m ni num mean squared _error estlnate Is.a .
21.  The sppagatus ofedaimskpn Whersinthe Sirst @seqepringstagedmplayaeni b BHRYE
. of claim 15, wherein the first processing stage
mean squarad}:dmmesﬁmatalmmsmmtmﬁambmlan di stribution in
estimating synbols. 24 The apparatus of claim 18,

. wher ei n indi.vi du esfromthe Iur .
2. Th RO et Sy Bbeie G FBR R PR S ELerop S impfg s a inear
. apparatus of claim 18, wherein each-processing stage
mean squated aris egfimodtel i ty of processing stages perfornms a
mul ti user detection algorithmselected fromthe group

. Ak IRk 15 Yo LR SRR el
artial . paral terference cancellatlon (PPIC).
Gaussian ¢ b"ﬂ?é“ﬁﬁ HP%‘P@SSYB’F’ @r ai m 18, wherein each processing
stage in the plurality of processing stages includes

24. Th@aﬂp%%ssé%?alﬁ‘ﬂ-'ﬂ g \N%Eﬁﬁ?ln@ﬁ%ﬁ}' LiabQront DR PESIHEIRocessing
|stage denodul ator further ~including gan factor

ear function nodules that are
stages are(?{]edégn% IX?QSDI e to provide -correspondi ng processing
st ages that performa nmulti user detection algorithm

25. Thegipaedtecbfdlam t8)e/herein each processing stage in the plurality of processing

stages performs a multi user detection algorithm selected from the group consisting of mixed
Gaussian (MG), decoupled Kalman (DK), parallel interference cancellation (PIC), and partial

parallel interference cancellation (PPIC).

26.  The apparatus of claim 18, wherein each processing stage in the plurality of processing

stages includes a recursive multistage demodulator, the recursive multistage demodulator further
including gain factor and non-linear function modules that are reconfigurable to provide

corresponding processing stages that perforn a multi user detection algorithm selected from the
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48 Case 58010- 00602 WO 2004/ 070958 PCT/ US2004/ 002318
group consisting of m xed Gaussian (M3, decoupl ed
wEamamofdK) , parallel interference cancel |l atP@IUS2004/002318
(PIC, and partial parallel interference cancellation
(PPIC). 27. A conputer program product,for canceling
group consigiingjof mixedGaussian {M@r dasouplpd KalmaK pauati¢ldntsrfesesee m
- wherein a plurality of users conmmuni cate over a shared
- cancellation{BIG)ehnd pditial paruilelinerfepimog caeitatid@PICt ored on a
conmput er readabl e nedi um and adapted to perform
. .~ operations conprising: receiving an |nput that
27. A qoppytey proggampredict foy GWCH?%’@PL‘%PSE user b fesenegdead at
sub-synmbol intervals that are.less than a full synbo
communicgigons syistemivdrestin aghuality of tisal$ sunmumicatalover a sharadebpaned,she
: to a current sub-synbol interval. for a current synbol
computer fa0graf proéwdt 8tesed on dle@apRéraeatableanediithenn adgfed © prrform
previ ous sub-synbol interval for the -current synbol
opmmﬁonsgﬁgyﬁ§h'nating synbol s for a.given user fromthe

ural 1Ty of users at sub-synbol intervals, wherein a
current. esti nation for iven. user estinmate
reofrain g B i o RS Bt TR B uB-symbor
correspands to.the current synbo] for the given, user
andierEHe aéaneﬂ@%ﬂhaélraeﬁﬁé, Pfo%@@édvv{avew&ﬁem@ﬁm value
of . users as determned fromthe previous discrete
val easragpendsdo e igurenteub-syrmbe intesiphfila qurreitrsynibol @8l a firigeious -
conput er program product of claim27, wherein the
c ondistreceatalierdrsypindstol Spraviotosid-oimbod imervaifbi thp lcartent
access communi cations system 29. The conputer

pr oghasBl; didoduct of claim 27, wherein the sub7synbol
intervals are chip intervals. 30. The conputer

CS“%%?F S%B%]? ?&%@1%’% fég@ﬁ%%ﬁe pﬂ@:ﬁﬁ? bf]ugepseat sﬁy—m& 1%19\{31‘13,
wherein a current estimation for the given user estimates a portion of the current
discrete value that corresponds to the current symbol for the given user and
cancels interference produced by the plurality of users as determined from the

previous discrete value during the previous sub-symbol interval.

28.  The computer program product of claim 27, wherein the communications system is a

code division multiplex access communications system.

29.  The computer program product of claim 27, wherein the sub-symbol intervals are chip

intervals.

30.  The computer program product of claim 27, wherein the symbols are multiple bit

symbols.
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Case 58010- 00602 WD 2004/ 070958 PCT/ US2004/ 002318 Al.
A nmethod for canceling nultiple user interference in a
W@ eomniosat i ons system wherein a plurality of POBEsR04/002318
conmuni cate over a shared channel, .the nethod
conprising: receiving an input that provides a
31, A Mbthod fortcynceling inanislt aset dhtoferendedt YaBthninicitions yysteal wherein a
cintervals that are less than -a full synbol period,

 plurality oPMAGF S RS adéhﬁt‘éﬁ%hﬁ]dé?'th@meﬁ%(: ?ﬁaﬂgt to a

current sub- synbol |nterval or a curren iple bit

e & B0 0 RO A A A FEto AR ol
glljl/tg’lﬁ @éﬁl oﬁ%“parﬁﬂ A t loElgg %/rggféll éﬁ%%i%ﬁsié value

i nterval s, V\herel n a current estimation for the given

us eforesspondstie 8 carrpersub-symbe! inteevat fyrracmrrentiingiple it symbol and
val ue that corresponds to the current nultiple bit

sy maptevices disesetgvalaticorttspondane a peavivels sub-symbblanienabfor the
produced by the plurality of users as determ ned from

thecﬁgﬁlymﬁlgbﬁgg,ﬁbg ggd ue during the previous

sub-synbol i'nterval. The nmethod of claim 31,
e pmwﬁ £EOTE) g%;fm RRPS R oEp e AL St v,

rrethdof clalm n the subsrrbol t-er

o e VB i it ek Ton e SR NST CHRIEIeS PAPREn of e current
wherein estimating synmbols for the .given user

per fliserstecvabie that %H@?Imnid% {p the cwre audiinlg b tsygbel fogt%le given
The nethod of claim 31, wherein a plurality of

pr ouss sndiganetls mﬂtfsrenmmeduqed by yhegelnfabityof wsstsi asdtteonined
for each of the plurality of users at sub-synbol

I Nt goMahs: gﬁe@l@@ aaorssiadlge Gaipahd peviou be-ERhiesGRterval.
produced by the plurality of users. 36. The nethod of

S claim 34, wherein the plurality of processing stages

32. The metheded claim 3l swhereidhe commupications sistemaga co arfbvmomultlplex
~.stage providing an accunul ated soft synbol output for

access comlhmigzitimmsys'ﬁdﬂn. Case 58010- 00602

33.  The method of claim 31, wherein the sub-symbol intervals are chip intervals.

34.  The method of claim 31, wherein estimating symbols for the given user is performed by a

plurality of processing stages.

35.  The method of claim 31, wherein a plurality of processing elements respectively perform
estimations for each of the plurality of users at Sub—symbolv' intervals to accommodate canceling’

interference produced by the plurality of users.
36. '~ The method of claim 34, wherein the plurality of processing stages includes a first stage
and a second stage, the first stage providing an accumulated soft symbol output for the given
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WD 2004/ 070958 PCT/ US2004/ 002318 wuser to the second
stage, the second stage estinmating synbols for the
w@Rwe709s®er - usi ng the accunul ated soft synbol POTUR2D4/002318

37. ' The nethod of claim 36, wherein the input as
recei ved by the second stage is delayed by a synbol

user to theperdnddtage) the sacond staghedtimatingisymbolb yortthe gifven ater abingehe
38. The nmethod of claim 31, wherein synbol estimation

accumulaté®sdiesasbolp@pupne of a mini num nean squared error
estimate. 39. The nethod of claim 38, wherein the

: . _.mnimum nmean, squared error estimate is a |inear nean

37.  Theggthod®f elaite B6cwhérpimithe input asThesiviask tytlie sfcond afage Bidelayed by
‘wherein synbol estimation is based upon a m xed

a symbol pEeiud sélative td ittt rchbived by thedflrst stigs. met hod of cl ai m 34,

: wherein individual stages fromthe plurality

: of . prqocessing.stages are of, different types. 42. The
38, Themielhod o laim 31w hofoingaibel sstiartian B RssebwiaPnstod ganingmum
. the plurality of processing stages perfornms a multi
‘mean squatgslegrrog estgsate.on al gorit hm sel ected fromthe group
‘ consi sting of m xed Gaussian (M5, decoupled

Kal . aral lel .interference cancellation . .
39 T el oy 3RV g s o) e v SO GRRP i e
(PPIC). 43. The nethod of claim 34, wherein each
‘mean squapsd saos estHBAtetage in the plurality of processing
stages includes a recursive nultistage denodul at or.

@ T PIS RSN e S A O G i

distributi non-Ilinear function nodules that are reconfigurable to
- SOUUOY | 5\ correspondi ng processing stages to perform a
mul ti user detection algorithmselected fromthe group

41.  Th&RRBHoE bf BEiR B4 W K&G6inIdividediSeaged FbRr O ﬁﬁ@a’\l/g')of processing stages
2004/ 070958 PCT/ US2004/ 002318 ~ Gaussi an ( ,

are of diffdl&H ¢ Fed Kal man (DK), parallel interference
cancel lation. (PIC), and parti al

42.  The method of claim 34, wherein each processing :stage in the plurality of processing
stages performs a multi user detection algorithm selected from the group consisting of mixed
Gaussian (MG), decoupled Kalman (DK), parallel interference cancellation (PIC), and partial

parallel interference cancellation (PPIC).

'43.  The method of claim 34, wherein each processing stage in the plurality of processing

‘stages includes a recursive multistage demodulator.

44.  The method of claim 43, wherein the recursive multistage demodulator includes gain
factor and non-linear function modules that are reconfigurable to allow corresponding processing

stages to perform a multi user detection algorithm selected from the group consisting of mixed
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paral l el interference cancellation (PPIC). 45. An
apparatus for canceling nmultiple user interference-in
w@2@amess cat i ons system wherein a plurality PET/USHN$002318
communi cate over a shared channel, the nethod
. conprising: an input that recejves a plurality of .
“Gaussian (B cdespeplod Kaby uﬁ@allﬂtm@fﬁteg%@@mllaﬁp@-(E/lgﬂ)saqdrpafﬂal
are less than a full synbol period, wherein a current
parallel intelferencetcancedlbtien FPICEsponds to a current sub-synbol
interval for a current nmultiple bit synbol and a
‘ . previous discrete value corresponds to a previous
45.  An Spparaty e cancsling YRR YSeE FRSTEGRGE 3 CAEPYRAREOR] Pstem
. synbol ;. and a first processing stage, in conmunication
wherein a phimahityt ¢farsens gommunieate ver £ ﬁlmr@cgcly»pndothg nfedhodecomitizg:
user at sub-synbol intervals, wherein a current
an iapitithatrecives arplirhktygif dsoretsealuesqidduted etssub-symbb] interedls that
the current discrete value that corresponds to the

CUT 418 s tHHH lat il sPmbo1tpefiddRPhereih AlcubBft didtrdte Palis 86rréPénds to
cancel s interference pr oduced by the plurality of .

use t ' f [ {e
e N B
The!.- apparatus of claim45,. wherein.the co ni cati ons
sy stisgrpte yaliie cgpesPaPds Qjagieviok 1 pﬁyg?o{;l&&eé%@?gr ¢ Current
conmuni cati ons system 47. The apparatus of claim 45,
whepsltiple biesyshelapdbol intervals are chip intervals.
48. The apparatus of claim45, wherein the first

a fipst poessinggtae Aneoimnumimtion wathgheimpht, that eftimatesmysboisfgr a
stages used to estimte synbols for the given user.
49. oi&ifusRP REuBlsymbel infdradlswiereith eligbt ebth@atiinofoe fisigivgn user
stage conprises a plurality of processing elenents

bR o SR kgl i

2004/ 070958 PCT/ WUS2004./.002318 b- ' I
BB E B 67 e A 6 Bpd S Ao e o e
oo eyl SR S B
i rIf’rfevious sub-symbol interval.

46.  The apparatus of claim 45, wherein the communications system is a code division

multiplex access communications system.
47.  The apparatus of claim 45, wherein the sub-symbol intervals are chip intervals.

48.  The apparatus of claim 45, wherein the first processiﬁg stage is one of a plurality of

processing stages used to estimate symbols for the given user.
49.  The apparatus of claim 45, wherein the processing stage comprises a plurality of
processing elements that respectively perform estimations for each of the plurality of users at
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stage and a second stage, the first stage providing an
accunul ated soft synbol output for the given user to
wo b@4pemend st age, the second stage estimati ngPEY/IBINNE002318
for the given user using the accumul ated soft synbo
output. .51. The apparatus of cl ai m 45, wherein the
sb-symbol unmalptqmgmmogatctcag@lmmtmm@ prodricail by the pluratisof users.
squared error estimate in estinmating syrrbol s. 52: The

a ratu f C 51, ., wh L he m n

50, ofarb i iéswﬂ'?ﬁmthﬁgﬁﬁrwtawce AR e bies? ey

‘ ‘ estimate. '53. The apparatus of cl ai m 45, V\,herelngéq

- stage and #gepend q&ag@c@@ﬁrﬁ@t@p@wlmﬁg%mw atedrpofbsymbl quipphier the
distribution in estimating synbols. 54. The apparatus

given user ¢ thelsedoml 4Bige the seond stagé mtmmmg symabels féntbergivhe user using the
plurality of processing stages are of different

.accumulatéd’%ﬁ%ynfb@l odipgt. appar atus of claim48, wherein each
processing stage in the plurality of, processing

, stages perforns a nulti user detectlon algorithm _ |

51, Theappatatescdifclaim 45 whgreguthe disH Precepsing mgqmpg@nen@a%%mawm
(M5, decoupled Kal'man (DK), parallel interference

,meansquaf_w:blrbatthéftair(&tiﬁ)a,tingnykn‘pds.ti al parallel interference
cancel lation (PPIC). 56. The appar at us of cI ai m 48,
wherei n each processing stage in the

52. The,prpeedus ofglagt Hg aderan g gut gtﬁ??§ﬂ gtt“&@“ﬁ is a lincar

denodul ator, the recursive nultistage dem)dul at or
meansquafasﬂrmpsﬁmﬂgl udi ng gain factor and non-linear function
~ nodul es t hat are reconfi gur abI e to provide

5 T G &%fe%'% RO b ol DHldda

58010 00602 V‘D 2004/ 0958 PCT/ US2004/ 002318 group
-Gauss1ancg§jﬁ§1pt§{q1ﬁ§sigpatmgx%@1 ussi an (M3, decoupl ed Kal man

(DK), parallel interference cancellation (PIC, and

54.  Thé Q;E}%ﬁ'(ﬁ!ls d&?:ge?}dcﬁgén g&}g%fe‘?ﬁ fxﬁ'ﬁv‘?ﬁl&? st‘é@é&cf%rh e AfralifFdtProcessing

Ing multiple user |nterference in
J cations systemwherein a plurality of users
stages are 8%‘%%ng§?85 over a shared channel, the nethod
conpri si ng:
55.  The apparatus of claim 48, wherein each processing stage in the plurality of processing
. stages performs a multi user detection algorithm selected from the group consisting of mixed

Gaussian (MG), decoupied Kalman (DK), parallel interference cancellation (PIC), and partial

parallel interference cancellation (PPIC).

56.  The apparatus of claim 48, wherein each processing stage in the plurality of processing
stages includes a recursive multistage demodulator, the recursive multistage demodulator further
including gain factor and non-linear function modules that are reconfigurable to provide

corresponding processing stages that perform a multi user detection algorithm selected from the
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receiving a set of data that provides, a plurality of
di screte val ues produced at a sub- synbol
WO ndog/ov@ss t hat is | ess than a full synbol peribdl/uswd4/002318
lestimating bits for a synmbol, corresponding to a
given user by interpolating the signature waveforns
group coningaf niiuerbGauseie (WG desoppled Kelman GIKiperlcligcrforence
common sanpling lattice of the received set of data.
~‘cancellation§PIO)handeirticd paralleLinterferdnée cadeeliation (PREC)comuni cat i ons
‘ systemis a code division nmultiplex access
: 4 .communi cati gns system 59. The nmethod of . cl.aim57, )
- 57. Ampefbedfos cangslipg I Bier Hperiergagedp A ComERINicaYoRY YsieBY Wherein a
code division nmultiplex access conmuni cati ons system
plurality ofgsersommusti¢rielo v ashaiedhcBamelyitherna¢thod pesnpiigingy mbol
interval is a chip interval. 61. The nethod of claim
recBivingfd et bfdatLthapprosidega plidalivg of discretetvalues paldackd at a sub-
signature waveforns to determne an interference

Conty i bktORal thAXiS B3P Al g Eﬁg&iﬁ%eﬁbd’;%du ser. 62. The

nmet Hod of claim 61, wherein t terpol ated signature

f QEMei S . Si I I Qn-
st R SO SRl ey &P FRRBNAEE 8 ignature
estimate bits in-a seco ub-synbol interval that. .

f ol PBYROTIEIOF pr1EFst sorpe g%ﬁ@f@ﬁ&@?@%ﬂfﬁ to gppmmen.sapRling attice
of claim 62, wherein a sub-synbol delay accommpdat es
conelihe gveivpd sgpfdaigse 58010- 00602 WO 2004/ 070958

PCT/ US2004/ 002318 retai ning the interpol ated

, sigpature waveformifaor' bit estimation in the second .
8. Thfppt0y A el frdhosin s corpmiion i sy ora e lirigh modtiplex
: for the first sub-synbol interval. 64. The nethod of

access COmIUIERtIONS SYRff-ei n a plurality of decoupl ed mul ti-user

detection: processing .elenents respectively

59. Th?ﬁfe%ﬁ‘o@@ﬂairﬂ 57 &Eiﬁl@ﬁ@é&ﬁmﬁﬁgéﬁd RWYdtQn$s &fﬁ%?’ﬁ&ﬁ'gﬁl@g code

e plurality of users at t sub-synpol interv
division mgl?i'ple;lzha ce@g%grgxqmg{ca&l)rﬁsl srystgr%’. further conprising:

~60.  The method of claim 57, wherein the sub-symbol interval is a chip interval.

-61.  The method of claim 57, further comprising:
using the interpolated signature waveforms to determine an interference contribution

corresponding to the given user.

62.  The method of claim 61, wherein the interpolated signature waveform is used to perform
signal reconstruction for a first sub-symbol interval and is retained to estimate bits in a second

sub-symbol interval that follows the first sub-symbol interval.

63.  The method of claim 62, wherein a sub-symbol delay accommodates concurrently
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determining a current interference estimate for a
current sub-synbol interval by conbining the
wo deereyssred i nterference contributions for eaetm/of20041@2318
plurality of wusers; renoving the current interference
.. estimte fromthe set of data to proyvide an |nnovatign
retaining the iptenpolaipd Fignaturg wayriorny %quawag?rgw&ﬁe $e5oRd Py rasmabol
bits for the given user in the current sub-synbo
interval anidhfoe sigadl recvastistion fonthe firsh enti-symhad iftevelace esti mat e
for each of: the plurality of users corresponding to

ot. TSGRt PLEET b EPyp LR e osing
: An apparatus for canceling multiple user interference
elements jeppegtivelyeisrene theristesiorenseconfyiariong, fog %‘I’}U‘P@hﬁ’ PW@#’FY of users at
: users communi cate over a shared channel, the apparatus
the sub-synthwpiitewvalg: an i nput that receives a set of data that
provides a plurality of discrete values produced at a

‘ sub- | .interval that .i.s less than a full synbol

65. Thﬁé?‘?t@%‘ﬁ? 4nmefﬁ%‘@m§i’é$:ecti on nodul e that
estimates bits for a synbol corresponding to a given

detesminipg/a pyrrant puerarensg epiifaats ifoffaguireat subveymbohintergal by

at'l east some ofthe plurality of . ,users to a comon
s anEbmbihgtht idetermined rderfaremieedtribeationsf forledch.of Hie plGadity of
58010- 00602 WO 2004/ 070958 PCT/ US2004/ 002318 68. The
appaka@gus of claim67, wherein the comrunications
systemis a code division nultiplex access

rel‘ég\?fﬁaﬂ.iecﬂlje tertinBbstinite frohithe SRBRARA \t@%l%(ri(fél Aliffhovation

erein the conmunications systemis -
asynchrgnq$s code division multiplex access
comififtdPF ons system '70. The apparatus of claim 67,
wherejn the sub-synbgl interval is a chip_ interval, ,
using thermpoyation signakio gstiapigbats for thegixepser fhibe grrent syb-symbol
detection nodul e uses the interpolated signature
wav éfitervabandolethsminer mext interfarenmefestimaic dorcanh of theplwnality of
correspondi ng to the given user. .
users corresponding to the next sub-symbol interval.

66.  The method of claim 57, wherein the symbol is a rrfultiple bit symbol.

67.  An apparatus for canceling multiple user interference in a communications system
wherein a plurality of users communicate over a shared chénnel, the apparatus comprising:
an input that receives a set of data that provides a plurality of discrete values produced at
a sub-symbol interval that is less than a full symbol period; and
a multi-ﬁser detection module that estimates bits for a symbol corresponding to a given
user by interpolating the signature waveforms for at least some of the plurality of

users to a common sampling lattice of the received set of data.
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72. The apparatus of claim 71, wherein the
i nterpol ated signature waveformis used to perform
wak@aabosseconstruction for a first sub-synbol Per/es2as/002318
and is retained to estimate bits in a -second
. sub-synbol interval that follows the first sub-synbol
68.  The aprerates of cl8m 6fh whaysputhgcommmicationsdysiem iglacede Aivision
sub-synbol del ay acconmodates concurrently retaining
" multiplex hdtess ddbRMtibedsysiegnat ure waveform for bit estimation
in the second -sub-synbol interval -and for S|gna
o reconstruction for the first sub-synbol interval
69.  Thepppaagpaebelain & Wé)«e&mﬁheﬁowvéﬁlﬁn%syaemla|ama§yv&bmn0us code-
' decoupl ed mul ti-user detection nodules respectively
-division muéitpdexnicoess chrmiunicatibersystem. cont r i buti ons for each of
the plurality of users at the sub- syrrbol i nterval .

‘ 75. The a ara s.of .c furt he rising:
70.  Thegpreaing! G Wﬁl%ﬂ U b OB TR e o
for a current sub-synbol interval by conbining the

71. Th.g ﬁéﬁr{ﬂ@@fﬂdé@ &, f\ﬁl‘éﬁ:‘ﬁ?ﬁle‘iﬂﬁl%lfds@ﬁét&%n huRasks 4k uﬁtBﬁ)olated

uders; neans for renovi ng the current

' 'Slgligture \zﬁv r { es.rtﬁggtgmg%% irg?r& rﬁ‘%&}st Eﬁ)&)ﬁﬁé@%«%ﬁ%ﬁ&ﬁﬁl&&hg éivgﬁ user.

PCT/ US2004/ 002318 innovation signal, wherein the

72.  ThBWppdratisef clsiel FiG Whefein B ihtefobitel :ﬁgxmhue waedfola isigeed to
the. innovation signal to estinmate bits for the

~ perform si 176 st BioR YR Hrst dibe b1 BRdvalahe 'ismeﬁfheﬁ th %Qﬁmate bitsin a

nterference estimate for each of .the plurality of

sccond suly ket G35 GPEAOLT fﬁ’% LT A

mul tiple bit symbol. 77. A system for canceling

73, TheuppdrthSofisigim T2) et 886 symibdl deRyAttYnaAbdBEsScoRYE @Iy
‘ wherein a pl urallty of users communi cate over. a

‘retaining (R0 G HoIGRARRR rd Ve oA} RILRAURLMRINE thescORd hibiyiition

user tection (MJD) nodule conprising: an

interval a:nldrkg%'I §1g1f1a reconscl‘ruc 168 $or thd hrsE gubI §}¥nb%fl m%r%glr ete val ues;

74 The apparatus of claim 67, wherein a plurality of decoupled multi-user detection modules
_respectively determine the interference contributions for each of the plurality of users at the sub- -

symbol interval.

75.  The apparatus.of claim 74, further comprising:
means for determining a current interference estimate for a current sub-symbol interval
by combining the determined interference contributvic;ns for each of the plurality
of users;

means for removing the current interference estimate from the set of data to provide an
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a gain factor nodule that is configurable to select a

gain factor corresponding to a desired nulti-user
waeleaeoti9s al gorithm and a function nodul e t hBECT/US2004/002318

configurable to select a non-linear function

corresponding to the desired nmulti-user detection

al gonpyation sippal, whiksinsthe nahitiaserddetgciiprmodples argiconfigured to use

plurality of configurable MJD nodules are arranged to

pr othi Gieriovatidd gl sogestidafz bikfor THeeunysitsabaspdibol iatenval 8nd -

wherein the plurality of configurable MJD nodul es

| nchdid@iinda nbiltisibridol BRI BPEhch o BiedietalibydMiek! €,

and a first nulti-user detection algorithm

cor ' Wﬁ ule differs froma
sec%°$§%WS£?ﬁ%g?éﬂc§%% a Slg;rajl]’lthm correspondi ng
to the second MJUD nodule. 80. The systemof claim77,,

-76. -Theuethod df tlatn @2silicdein s dyimbid & a Ahaltipld biogynbogori thmi s
selected fromthe group consisting of m xed Gaussi an
(M3, 'decoupl ed Kal man (DK), parallel interference .

77. A systpapr eanceling pyltiple usaineaterense b piumanicatiqns sy dem yeerein a
cancel lation (PPIC). 57 -Case 58010-00602 WO

plurality o238y OAGAGScAROTVarS2DA4d ORARER the Fstém chngprisingt em of
claim79, wherein the first and second nulti-user

det ection al gori.thns -sel.ected f.romthe group
a QIR Ty CEFoch S EtHoag AP M FIoE N ORgEEBED| e Kal man
(DK), .parallel _interference cancellation (PIC), and
par & WpublaF sceing aplarafiss eftHecretaNelaes; at i on- (PPI C) .
82.. The systemof claim77, wherein the configurable
. Mubgain dadter thodwldithat Seopfigeelsie do sqidotia ghintfyctof camwispa@itasg to a
having states that are configurable according to the

desired gasirtd st hser defolted Aorth@PEhd hm 83. A net hod
for providing configurable nulti-user detect-ion in a

COMITHRICEEY hidBFle T i€ iRReh R B sBielt oﬂl-ﬁx{e)f.? HGE" S
commnlccg%e over a s{?grgﬁ%cﬁéangee,, atL*Le met %%c
conprising:. confi i ng. a.gain factor.. nmodul e to
el bot "o gspointiia S S Ba B Gend BRE Ao fLh i
. user detection algorithm .
78.  ‘The system of claim 77, wherein a plurality of configurable MUD modules are arranged

to provide multi-stage MUD.

' 79.  The system of claim 78, wherein the plurality of configurable MUD modules includes a
first MUD module and a second MUD module, and a first multi-user detection algorithm
corresponding to the first MUD module differs from a second multi-user detection algorithm

corresponding to the second MUD module.

80.  The system of claim 77, wherein the desired multi-user detection algorithm is selected
from the group consisting of mixed Gaussian (MG), decoupled Kalman (DK), parallel
interference cancellation (PIC), and partial parallel interference cancellation (PPIC).
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configuring a function nodule to select a non-Ilinear
function corresponding to the desired nulti-user
waeleaeot(96 al gorithm receiving a set of data PEEUS2004/002318
provides a plurality of discrete values and' canceling
mul ti-user, interference according tqQ the, desired
81.  Thegystem gicdaim), avhereimthe fgshand sasond gaultinser deisctien algerithms are
, claim83; wherein a, plurality of configurable MJD
selected from the geoup carisisting of mdxadg}a;dsaalg Vi) f decouplediSalman (XD, parallel
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receiving a set of data that provides a plurality of d_iscréte values and canceling multi-user

interference according to the desired multi-user detection algorithm.

84.  The method of claim 83; wherein a plurality of configurable MUD modules each
including the gain factor module and the function module are arranged to provide multi-stage
MUD.

85.  The method of claim 84, wherein the plurality of configurable MUD modules includes a
first MUD rﬁodule and a second MUD module, and a first multi-user detection algorithm
corresponding to the first MUD module differs from a second multi-user detection algorithm

.corresponding to the second MUD module.

86.  The method of claim 83, wherein the desiréd multi-user detection algorithm is selected

58
Case 58010-00602



WO 2004/070958 PCT/US2004/002318

from the group consisting of mixed Gaussian (MG), decoupled Kaliman (DK), parallel
_interference cancellation (PIC), and partial parallel interference cancellation (PPIC).
87.  Themeéthod of claim 85, wherein the first and second .njnulti-user detection algorithms are

- selected from the group consisting of mixed Gaussian (MG), decoupled Kalman (DK), parallel

- “interfefence cancellation (PIC), and partial parallel interference cancellation (PPIC).

88.  The method of claim 83, wherein the configurable MUD module further comprises a
| plurality of switches having states that are configurable according to the desired multi-user

detection algorithm.
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