JO NT | NTERFERENCE CANCELLATI ON OF PI LOT, OVERHEAD AND TRAFFI C CHANNELS
Claimof Priority under 35 U.S.C. 119 [0001] The present application clains
priority wo 20e/@ssiigned U.S. Provisional Application NopceQ/se@s o4
entitled "TRAFFI C | NTERFERENCE CANCELLATI ON AT THE BTS ON A CDVA REVERSE
LINK," filed on Decenber 23, 2004, which is incorporated by reference.
BACKGROUND Fi el d [0002] The present invention relates to wireless

comuni cati on systens generally, and specifically to traffic interference
cancel lation in wrel ess conmuni cati on systens. Background [0003] A

communi cati on system may provide communi cati on between base_stations and

access term nal JOENTUNTERFEREN(HCANCEL AT TYON O PHTon from a
base station to an access term nal. Revers in i refers to
transm ssion from an £3VEREHRAR AaNDtFEReﬁﬁgkt éﬁg‘&%@ch access

term nal may communi cate with one or nore base stations on the forward and
reverse links at a given nonent, dependi ng on whether the access term nal
is active and whether the access termnal is in soft handoff. BRI EF

DESCRI PTI ON OF DRAW NGS [ 0004] The features, nature, and advantages of the
present application may beChimeof Bpjozite ander FhUihe. 8k%i | ed description set

forth below with the drawings...Like.reference . nuperats an h 1 may
i dent [0P§ht he sarB® ofre&h f cﬁtb?neccﬁaéms[ Bﬁﬁ@? I*?nge%%!igﬁ?gsﬁ%t %&g&gmﬁ%el ess
conmmuni cat jAppIisiioh NB. \§01638 686 Cerftitiad F*TRAFENC INTERFERENCE CANCELDADEINFI G 2
illustrates an exanple of transmtter structure and/ orﬁ)ré%cg&ﬁ whi.ch may

5 5|

be i npl eneATeBHEBEN O ASRMARBVFRSEHRINK G filed ppfRgogm Wil 15t es” an

exanpl e of . L Ver ss and/or structure, which nay be inplenent éd at
a base stafnl%8ﬁ)%gq%(¥$ge?%% 0008] FIG 4 illustrates another enbodi nent of a

base station receiver process or structure. [0009] FIG 5 illustrates a
general exanple of power distri butﬁA)aK(gRb% users in the
Field |
[0002] The present invention relates to wireless communication systems generally, and

specifically to traffic interference cancellation in wireless communication systems.

Background ‘

[0003] A communication system may provide communication between base stations
and access terminals. Forward link or downlink refers to transmission from a base
station to an access terminal. Reverse link or uplink refers to transmission from an

| access terminal to a base station. - Each access terminal may communicate with one or
“more base stations on the forward and reverse links at a given moment, depending on

whether the access terminal is active and whether the access terminal is in soft handoff.

BRIEF DESCRIPTION OF DRAWINGS
[0004] The features, nature, and advantages of the present application may be more
apparent from the detailed desci'iption set forth below with the drawings. Like reference

numerals and characters may identify the same or similar objects.

[0005] FIG. 1 illustrates a wireless communication system with base stations and access
| terminals. '
[0006) FIG. 2 illustrates an example of transmitter structure and/or process, which may

be implemented at an access terminal of FIG. 1.



systemof FIG 1. [0010] FIG 6 shows an exanple of a uniformtine-offset
distribution for frame asynchronous traffic interference cancellation for

users wi twoegeal7itenansmi t power. [0011] FIG 7 ill ustrares/spoosniend aci ng
structure used for the reverse |ink data packets and a forward |ink
automati c repeat request channel. [0012] FIG 8 illustrates a nmenory that

spans a conplete 16-slot packet. [0013] FIG O9A illustrates a nethod of
traffic interference cancellation for an exanple o{ se%ueggi a: I i nt erIerence
I hon (Sl i-t,h..no del ayed.decodi ng. [0014] FlI illTustrates an
;gggsa@ﬁﬂ ? 0 éerﬁé}r‘mlgl Setra?r%?‘tar?o%e‘l’ﬂjﬂ’ki:? regﬁg’e’[ ress anfler structie; whichanag a
recei ver sangiipldmunte ataftiagy statidnl OFHIGO]. successive subpackets of an
interlace with interference cancellation of decoded subpackets. [0016] FIG
11 i 1110998 at es dHCovkeHinsHates Ranther smbodimentiof.a poB1ttidH Gceiv2Aprddesssor at es
a method tqufigsd performpilot 1C (PIC) and then performoverhead 1C (O Q)
and traffic IC (TIC together. [0018] FIG 12B illustrates an apparatus to
per f or[@9®he net HIG. Sfillksttesl? fenefd) @k dhplel dB pobdA didtlidgionadfatired wéaksiiatgheon of
the nethod in FI 2A. [0020] FIG 13B illustrates an apparatus to perform
t he method ¥ e‘ﬁlogﬁésﬁ. [0021] FIG 14A illustrates a method to perforrn]c
j Oi nt ac 2 4B i teat n .at t erform
Lhe matho of Frec DAY O0Ss PR ofgh bt b Ela" SRRRTNSY ISy il
met hod i n REYRCchionqus fraffednterb@ncelGBeellatios foratsers veith ampw?kuﬁt goweper f orm t he
f. FI G . ~[:0025] FIG . 16 .illustrates del of transm ssion _
gts'? gjr?(ﬁ[lbOZG] lﬁé 7[1311%3}63@98{%@“8% stryciims) ysed g%rp fdevesse ipndataacketsansmi t
and recei vend alfoardink b@6Aatic fp&l requét Raghel8B show an exanpl e of channel
estimation (real_and_imagi nary conmponents) based on the estinmated multipath
channdP01Zt each F&p- ¥ Hiuskatraxmeniony et sane 2 8pmpletss] 6-d10vpatB. show exanpl es of

i h I i E fipgers and.despreading wth the
it o HOET FOOSE RSB, LASER) 3P o el ROG P SRS P loae
finger del @fsequentinl irtgderenat cadcaliation (SICPwith[HORMyek i&eodafgd i | | ustrates an

hod of FIG 20A.
appar %Olﬁ] to peli:]}(?.rég El u%trgi%g ax(lj apparatus to perform the method of FIG. 9A.

[0015] FIG. 10 illustrates a receiver sample buffer after arrival of successive subpackets

of an interlace with interference cancellation of decoded subpackets.

[0016] FIG. 11 illustrates an overhead channels structure. .
[0017) FIG. 12A illustrates a method to first perform pilot IC (PIC) and then perform
overhead IC (OIC) and traffic IC (TIC) together.
[0018] FIG. 12B illustrates an apparatus to perform the method of FIG. 12A.
[0019] FIG. 13A illustrates a variation of the method in FIG. 12A.
[0020] FIG. 13B illustrates an apparatus to perform the method of FIG. 13A.
[0021] FIG. 14A illustrates a method to perform joint PIC, OIC and TIC.
[0022] FIG. 14B illustrates an apparatus to perform the method of FIG. 14A.
[0023] FIG. 15A illustrates a variation of the method in FIG. 14A.
[0024) FIG. 15B illustrates an apparatus to perform the method of FIG. 15A.
[0025] FIG. 16 illustrates a model of transmission system.
[0026] | FIG. 17 illustrates an example response of combined transmit and receive
filtering.
>[0027] FIGs. 18A and 18B show an example of channel estimation (real and imaginary

components) based on the estimated multipath channel at each of three RAKE fingers.



[0031] FIGs. 2 1A and 21B show an exanple of estimating the conposite
channel using uniformy spaced sanples at chi pX2 resolution. [0032] FIG
22A i | | uswoav@7areret hod for estinating conposite channecrais2asioficmm
resol ution using regenerated data chips. [0033] FIG 22B illustrates an
apparatus to performthe nethod of FIG 22A. [0034] FIG 23 illustrates a
cl osed | oop power control and gain contr®l with fixed overhead subchannel
gain. [0035] FIG 24 is a variation of FIG 23 power control and gain

contro hth fix ovgnh ubchannel in.. [0036] FIG_ 25 illustrates an
exanpl 002(’)8{] pomrﬁ@gh;ﬁ?él'f‘gvaméitsﬁoﬁ ?‘@iji‘??egﬁé’édé YeHashrenelgestimate based] ox G
26 is sim | RAKBfirtgefs and4lespresdihig With thedded &8p¢l gain control. [0038] FIG 27
illustrates a variation of FIG 26 with -only overhead gain control.

DETAI LIEFPMESCR PN (o dbisiratesye eethedi fos rdespreading lne R AKEefinger sdelvys with
necessari l yregérf%fﬁ?cﬁ@%%gc}ﬂ?s advant ageous over other enbodi nents. Wile
various aspects o e present disclosure are presented in draw ngs, the

dr awi nlg830ar e notFIbie2eB siustriates dn appuritos QR RBrAthdmaiMdd b Fie. A i ncl usi ve.

ot ud8EE <yt IRoHE 874 215 Shipy o5 fxnale af Pomeatien? casomistc shahmal phing al |ty
Cont ol Ler o L0 A oot o nal < 105, Var i ous.
aspectl8032hd enbddGmeRds ilbistrates apmethedt fodi estimating eon@esitd biemnbiehOwhiidHL be

i mpl enent eq 4 t@&sg%srég%ﬁg%@ug%é%'Access termnals 106 nmay be nobile or

stationary an ghout the communication system 100 of
FI'G 10038n acceddGt 22Biliitratkdn BFparddes ©RABAEL Bk hAnod Xfﬁi&.% nted in a
conput j rgg devi ceF such_as a | aptop personal conputer. ternatively, an
accesd"38} i nal iy 2Bellystsatest a cdonedilnenl pawen cautvolcand gaincoasoh withr fionnl

digital asgjystha Sl{blgpﬁ}mlégnaccess termnal 106 may refer to various types
of devices, such as a wr ‘phone, a wirel ess phone, a cellular phone, a

| ap t d¥P36bnput efIGa24diis @l estmtion OFFIGE 28| guwd &os@6Phnd SHRUdRErol RGh fadd. 2
PDA, an exter ?lal %)]éf'lnte nal nodem etc. An access term nal nmay be any
SRR

devi ce that®” PREELBnnectivity to a user by communicating through a

wi r el ¢gs6rhannelri@r24 hrewsabs & &a‘hﬁqe of power control with fixed overhead subchannel

~ gain.
[0037] - FIG. 26 is similar to FIG. 24 except with overhead gain control.
[0038) FIG. 27 illustrates a variation of FIG. 26 with DRC-only overhead gain control.
7 DETAILED DESCRIPTION
[0039] Any embodiment described herein is not necessarily preferable or advantageous

over other embodiments. While various aspects of the present disclosure are presented
" in drawings, the drawings are not necessarily drawn to scale or drawn to be all-
inclusive.

[0040] FIG. 1 illustrates a wireless communication system 100, which includes a
system controller 102, base stations 104a-104b, and a plurality of access terminals 106a-
106h. The system 100 may have any number of controllers 102, base stations 104 ahd
access terminals 106. Various aspects and embodiments of the present disclosure
described below may be implemented in the system 100.

[0041] | Access terminals 106 may be mobile or staiionary and may be dispersed
throughout the communication system 100 of FIG. 1. An access terminal 106 may be

connected to or implemented in a computing device, such as a laptop personal



channel, for exanple using fiber optic or coaxial cables. An access

term nal may have various nanmes, such as nobile station, access unit,
subscri bewounigo71wpbi | e device, nobile term nal, nobil epamiusospie phone,
nobil e, renote station, renote termnal, renote unit, user device, user
equi pnent, handhel d device, etc. [0042] The system 100 provides

communi cation for a nunber of cells, whgre each cell is serviced by one or
nore base stations 104. A base station 104 may al so be referred to as a
base station transceiver system (BTS), an access point, a part of an access
net wor k, acomphaer. pAttbrmativaly cai aceess(thATial rozy be Alselé-cBntaited alsta dewiospsuchr ef er s
to network equi pnent.. provi din a connectivit t ween .a packet sw tched
tat & net woPke pEsg cieal fSyblenngiyAL & PRESetubYl (B MRPEE B35S soies
Forward |i gk debikes, Sucklnd ivitked" phdifes at Qi&fe&“?ﬁbr&?'@@elﬁﬂ@}zﬂo&a%elét@»b' on
104 to an access term nal 106. Reverse link (RL) or uplink refers to
transm ssi epmputernaawirelesseeommuarieation| persosal eompukridBCY cardi a®DYo4n ¢xteynal] A
base statign.104 transmt, data_ t S ' 6 i N dat a
rate sel ec%ér;t?lfn f%an%adglgt IgEs)cf é‘lnf &t Sesn%ng’[a})tag%?a t@%%gi\n@eg%%eté% ?%?fr(rl\e%éi %106
may neasur gormhesiigitiado-4 @senby s6maii@idatih@ tHreughne wirtletd chaiddRthrohigtna witedt
signal sent by the base statign 104 and determ ne a desired data rate for
the base stharngh faexample ysingsHper aplic o1 coapipleabicse S0 acspstitaninalgnay hays
access terg,nal AN : i 1 : o]
(DRC) nessages % %Q?ﬁg% %}ggggltugﬁegﬁgt ZLedt%%esﬁ %E}F (r%nmt)%éb a{sl%t’s@gt&ll%geﬁ%‘?f of
t he desi r ethobie denmaha, mjobild Bhit,Tinebds phemn, aaotileptdnete sGBofatesmte efrmimagd t o

or "base. s FeRoGHGILABA: deting: eh RaPey TeBHEH VbRt ng of cal |s to access
term p§s3) 106 ViThe kAReR 290 ppdvaddstdtnriiificatibl FoBY RluBC NS Wikire 440h daRY be

further coupled to a public switched tel ephone network (P§T via a nobile
swi t chi ng tessrdeed hyS@e oramate basesstaiwok ¢04.dAthasheatisr K04inay alsp be kederrefhioa

servi ng node, (PDSN). [ Q046] .Th ' i te 0. 413y, n r nore
communi cat P%ﬁ%?seecsﬁ r%lloglgﬁag,géeé‘fﬁr: %ysgt%pg%ggﬁ %‘l&l\??gﬁsgﬁgﬁr}g Irytﬂ p Oefrgglcaggezsg “?‘&%K}ﬁ) ,
| S- 95, Hi gl rfedeen Backehnsoeiver (MRP))or £Nwde IBf eXdcess hawark rifgl tbaictwdtit e

(HDR), as specified in "cdma2000 H gh Rate Packet Data Air Interface
Speci f i cat e@¥pmeny popdipg datggenn bstwiegn [auracket Maicheddatamebuerk(@g.po) ,

| XEV- DV, Wydeantkddhiné YoM bminals 106.

[0043] Forward link (FL) or downlink refers to transmission from a base station 104 to

an access terminal 106. Reverse link (RL) or uplink refers to transmission from an
access terminal 106 to a base station 104.

- [0044] A base station 104 may transmit data to an access terminal 106 using a data rate
selected frofn a set of different data rates.” An access terminal 106 may measure a
signal-to-noise-and-interférence ratio (SINR) of a pilot signal sent by the base station
104 and determine a desired data rate for the base station 104 to transmit data to the
access terminal 106. The access terminal 106 may send data request channel or Data
rate control (DRC) messages to the base station 104 to inform the base station 104 of
the desired data rate.

[0045] The system controller 102 (also referred to as a base station controller (BSO))
may provide coordination and control for base stations 104, and may ﬁlrther control
routing of calls to access terminals 106 via the base stations 104. The system controller
102 may be further coupled to a public switched telephone network (PSTN) via a
mobile switching center (MSC), and to a packet data network via a packet data serving
node (PDSN).



Uni versal Mdbile Tel ecommuni cations System (UMIS), Time Division _
Synchronous CDVA (TD- SCDMA), Orthogonal Frequency Division Miltiplexing
(OFDM), ewo.2oddneiexanpl es described bel ow provide detai lpeTfuseoosloasrud y of
under standi ng. The ideas presented herein are applicable to other systens
as well, and the present exanples are not neant to linmt the present
application. [0047] FIG 2 illustrates ap exanple of transmtter structure
and/ or process, which may be inplenented at an access termnal 106 of FIG

. ti onponents shown. in FIG 2 may be inplemented by
; of ;I'\t)\g Ofé},rmﬁalr 8\?\2?@9 dcc())?mgﬁg%a PnSY5'9R 64)6' ST wWhie oaﬁdmh dPRFa cammungration

functions neyhrigueadsietl dsacodk @ividioh m@dlglet dceess t(CDNMA) NSLeAdyigf, BRe philet i ons
sﬁg\(/:m in Fldlg CZ{ ea’8048é A dat évsource 00 rov(i des %ata to gfrll encoder 202,
gta

whi ch enco Ihi flso yefergd dhes hgthblata Baigi (PR hespecifial fir tadnieoomded
data chi ps. C (o] ]! . Encl .cone of re L YPes, o ing,
Stch a5 byl N Ral P S Ty e HSEiB 6 T B ES. TGPSEA o BRY g,
bl ock codi rigvolatidre Daty p@ptimfzed oE VRO INEV-E0di Widsbandl IGDNIAN G
schenes rrain.ncI u t ti c repeat request AR§), chybrid ARQ (H ARQ), and
i ncr ement al W@ﬁrﬁ?'cdi@ﬁg{ie %@%‘E‘W“@Wﬂ?‘&fu%ﬁ?elﬁ(plm _nfflz9®jglsfmﬂmc\b}rq;m¥i ge
ded with @f f i T 1 h nte

codod data BIt et compar CIRASR. BBy DT el bl etdca,
i nt er | eavedhgagxgmples gleseritet dehnyd proarideddetizilsafor Ebaﬁtpr))Eﬁndgfstiﬁalng. ?Th@me?]s .

i i I. nar a hift keyi ng (BPSK) .apd quadrature phas
shift ey ThopeEben R B ERT: B ot R orosel chedbe o Sen senaicohrc
nodul at ed dmt meant ta ligitihe praseitGpplicatiyRi t may puncture bits of a symbol. The
nmodul 206 ma% al.so spread the nodul ated data with a Wal sh cover (i.e.,

Val sh%@éb) to fi3Pn? ddysiratenap example of@nsmaittor sta@uremyd/at ?mc?sisnwhﬁth\;?a?;g% y
i HM i ) ] o i C .to rma

E:nkjl: :)Ispl '?')r(letb@ngdul at g?éHZ%gan\rAr%({/CQ%ﬁse%&hgfe:maeopg)fsgggoi\‘ﬂra\gﬁﬁ?H‘?ﬁi g anq eRPAEader

to spread tshewstinddG & mahitesimplements® byr sofvaee, Nr@O&ALS of 8- Smbigdtdnt o€ 0de,

de) . [ Q050 ageband-to-radi o-frequency (RF) conversion unit 208
Imci)ggcggvg tsg%ggré’]bgﬁdg%rﬁ‘dﬁ% s Othgr Fflam@}oﬁﬁa!‘%}’ boraddedatns FiGs? dn adidiioantoaott enna

210 over aijndtéaaloZHfe MAGHBHNIsEAA BFIG. BK to one or nore base stations 104.
[0051] FIG 3 illustrates an exanple of a receiver process and/or

st r uctdQM8l whi cH dﬁty source 200 provides data to an encoder 202, which encodes data bits

using one or more coding schemes to provide coded data chips. Each coding scheme

may include one or more types of coding, such as cyclic redundancy check (CRC),
convolutional coding, Turbo coding, block coding, other types of coding, or no coding
at all. Other coding schemes may include automatic repeat request (ARQ), hybrid ARQ
(H-ARQ), and incremental redundancy repeat techniques. Different types 6f data may
be coded with different coding schemes. An interleaver 204 interleaves the coded data
bits to combat fading. |

[0049] A modulator 206 modulates coded, interleaved data to generate modulated data.
Examples of modulation techniques include binary phase shift keying (BPSK) and
quadrature phase shift keying (QPSK). The modulator 206 may also repeat a sequence
of modulated data or a symbol puncture unit may puncture bits of a symbol. The
modulator 206 may also spread the modulated data with a Walsh cover (i.e., Walsh
code) to form data chips. The modulator 206 may also time-division multiplex the data
chips with pilot'chips and MAC chips to form a stream of chips. The modulator 206
may also use a pseudo random noise (PN) spreader to spread the stream of chips with

one or more PN codes (e.g., short code, long code).



be inplenented at a base station 104 of FIG 1. The functions and
conponents shown in FIG 3 may be inplenented by software, hardware, or a
conbi nat iwo 20d66/0fet war e and hardware. Ot her functions negThs2@ddestss o Fl G
3 in addition to or instead of the functions shown in FIG 3. [0052] One or
nore antennas 300 receive the reverse |ink nodul ated signals from one or
nore access termnals 106. Multiple antemnas nay provide spatial diversity
agai nst del eterious path effects such as fading. Each received signal is

rovid oare iV er or t 0- baseband conversion unit 302,
\a,hi ch @956| ti ons‘&?)gg%’ ,gfcf T4 é‘r CAUERBY ﬁ?)e?mﬁamdeﬁ\?&&@ay epnyedibgsabanéds t he
recei ved sigpaills 1t0 ENigla® dBf arfRANsRR VY 4 alntdnfgehYE dovtr 998 Lyird Q9931 A

denodul at or 304 nay. denodul ate the received signals to provide recovered
symbol s. FOOMEDNReHon lingdpeae pumprsrbase stationsd Odecover a data transmi ssi on by

(1) chpmet | 2 naniehs lespread sammhes £ sal ale g ghanncl ze bhe recel ved

data and pilot onto t'her T respecti've code cha

denodul at i rie mipsbemmmala ud sthiibA 104 A FEG. ECTHE Rigdtibhd Ad dothpdhett Sown

denodul at ed r}iﬁ dul gﬁgcr 304 may include a received sanple buffer 312
(al so cal | é87j %f“ap' AP “FSQI\V?Y(SP éﬁd“ﬁléﬁ‘rﬁrécmmnatlon of snfovsanpd es of

recei ved srwagef Qythdd Mg gq)%sa?ld'é&rt@ﬁé' é{dﬁlc’&‘e %ﬁin\é{%ré %3i.j%0|

despread and process mnul tlp I nstances,
buffer 316 f(lmtmsslmmmffi@cﬁ end RAM (BERAM or dem)dul at ed synmbol RAM.
buffers 316 to correspond to

Ther €| be a uralit rmduéWd s‘y
the plluy ai ity of s%rrlg?%caf‘z?éla? TV ‘[Wﬁﬁf link yaodplated signalp frogsone
dei nt er | eawgsndtatacdss Qi@ SEETONM l9ﬁnt§19flas Iﬁ%ﬁhd@‘ s?&‘tﬁ(?QWers:%tgﬁelgggﬁBy the

decode the denodul ated data to recover decoded ta bits transnrt
access t er feleiriopppathiccigsuehievladinga Baaly reveived signales ptavideddataaesicotive3 10.

[ 0056] FIG | ust, h odi nen ase st.atiaon receiver
process or rgc:%r‘}ue%:tﬁfeﬁ.lﬁ foel?zi._s?%%td %‘H%Fb OThit BP?’ &&@Hﬁifﬁnﬁéﬁgde ltefger are
i nput to anmiplifies, fdemncmeﬁe):am‘sdlgu@és e reddited A&%malwh &lrdtd @b deRpRE fGncoder
402, interleaver. 4Q4 dul ator 406and filter e encoder 482,

i nt er | eaverN3# GeFeivaA §i ul at or 406 may be sinmilar to the encoder 202,

i nt er ||gERgpr 2047 éé}ﬁodimgtﬁf 359 duﬁ.'teelhe%'ece-we% glglltarl'S é ﬁ'x&%%ﬁegrﬁfoa'efegt e to

decoded user's sanples at FERA reso ution,
2x chip symbols. For CDMA2000, demodulation tries to recover a data transmission by (1)

channelizing the despread samples to isolate or channelize the received data and pilot
onto their respective code channels, and (2) coherently demodulating the channelized
data with a recovered pilot to provide demodulated data. Demodulator 304 may include
a received sample buffer 312 (also called joint front-end RAM (FERAM) or sample
RAM) to store samples of received signals for all users/access terminals, a rake receiver
314 to despread and process multiple signal instances, and a demodulated symbol buffer
316 (also called back-end RAM (BERAM) or demodulated symbol RAM). There may
be a plurality demodulated symbol buffers 316 to correspond to the plurality of
users/access terminals.

[0054)] A deinterleaver 306 deinterleaves data from the demodulator 304.

[0055] A decoder 308 may decode the demodulated data to recover decoded data bits
transmitted by the access terminal 106. The decoded data may be provided to a data
sink 310.

[0056] FIG. 4 illustrates another embodiment of ‘a base station receiver pfocess or
structure. In FIG. 4, data bits of successfully decoded user are input to an interference

reconstruction unit 400, which includes an encoder 402, interleaver 404, modulator 406



rate. The decoder user's contribution to the FERAMis themrenoved or
cancel ed fromthe FERAM 312. [0057] Although interference cancellation at a
base st atwonrod@41ies descri bed bel ow, the concepts herei rcras208/0a@psi ed to
an access termnal 106 or any other conponent of a communication system
Traffic Interference Cancell ation [0058] The capacity of a CDVA reverse
link may be limted by the interference petween users since the signals
transmtted by different users are not orthogonal at the BTS 104.

Ther ef or e, . gues ~that decrease the i rferen bet ween users w ||

i mprove the‘&ngig:/ﬁsﬁ é%Bg’er S ?f@é‘@ > IQCERIRT gé‘\g‘é"géﬂ? or 4Qa-mAy §asnilar do
descri bed hthe eh¢oden202, AteRédvee2®NEnd MRUEIERA LS LOPIT 2. | T, J

cancel  ati (ﬁg for. advanced CDVA systens such as CDMA2000 ﬁ]&%—‘%%?%&%he

[ 0059] Eac %@ﬁﬁe‘&s&r §$a8mPples ah STRRAM resplvtian, epsi.| dapga frdnmovip retacdo Dxgetap s,
al I of whi cfjJrep, [ e 10,0t ers. As Fl 4 shows,
signals may be rg%%ﬁiqferr E(E:'%r:srdé Oa@hglﬁgtg? g%t e AV R eIyt op fapcRlgittony at
t he BTS 104he FEBAM3m2nmi tted pilot signal is known at the BTS 104 and nay

be rec ruct ed, hased .on know edge_ about the channel. However, the

over he@@sﬁéi gnal sAIE}éqP@H l’é@rfjfgréi}%er canceliption;ah gibesg PatiqrRHY) is deacriber dglovs tthe

channel or &at ; , ¢ | £ DSC
A8} 5 Il ROUSES 0P IR) o2 or

acknow edgenent y are first de
transni tt eccoupieitignaysterar e denodul at ed, de-interl eaved, and decoded at

t he BTS 104T'a|i1ﬁgfql[ t o deter 'Qe the transmtted overhead and traffic

chi ps. Basento-n—fpeg%'—lﬁﬁ%ﬁﬁ%iﬁﬂansm-tted chips for a given signal, the
recond0e3spt i on Urtiet cARBitYRY 4 DMACERRRETMA middebs AUMitddPHY IR ih@ ERAM
312 based qn channel know edge. [0060] Bits ofaI}Z data1 Sacietﬁgflfrﬁg%g{éﬁ%é:data

source 200 cBaIses s dbe signalp frenuritted by différentarsesdwe n80@thdgohalrat el er

204 and/ or t i al bty of correspondi "subpackets" for
Cranom t o1 a5 g a e he  haomry ety R hlckels (2 SHETRERGE, bt nba: vk

hi gh si gnalimpwvedhs systat iperfeimat of tth€DMA $évetdeDpAC KEEcHBY1eS AR @dsBribed
sufficient inf.og?r’ra%eeit ofg for. the base station 104 to decode and derive the
origi nal ddFEIHEOL e ethigispt implemendation of amtsriprsacesaneellation ifer adatnred GNA 200

may be repgaitads aRd B CINAA660 L REP-DORSWPpackets. The user termnal 106
sends a fi rz{% subpacket to the base Qt aetjlelbn 104. The base station 104 may

have d40058] at i velBach &P Bevbalset transnufs tedfic, guilok,yandenetticad simdls, all of which
may cause interference to other users. As FIG. 4 shows, signals may be reconstructed

and subtracted from the front-end RAM 312 at the BTS 104. The transmitted pilot

* signal is known at the BTS 104 and may be reconstructed based on knowledge about the
channel. However, the overhead sigﬁals (such as reverse rate indicator (RRI), data
request channel or data rate control (DRC), data source 'channel (DSC),
acknowledgement (ACK)) are first demodulated and detected, and the transmitted data
signals are demodulated, de-interleaved, and decoded at the BTS 104 in order to
determine the transmitted overhead and traffic chips. Based on determining the
transmitted chips for a given signal, the reconstruction unit 400 may then reconstruct the
contribution to the FERAM 312 based on channel knowledge.

[0060] Bits of a data packet from the data source 200 may be repeated and processed by |
the encoder 202, interleaver 204 and/or modulator 206 into a plurality of corresponding
“subpackets” for transmitting to the base station 104. If the base station 104 receives a
high signal-to-noise-ratio sigrial, the first subpacket may contain sufficient.information
for the base station 104 to decode and derive the original data packet. For example, a

data packet from the data source 200 may be repeated and processed into four



deriving the original data packet fromthe first received subpacket. But as
the base station 104 receives the second, third and fourth subpackets and
conbi nes wofosemeticon derived from each recei ved subpackety/ushespuacrbability
of decoding and deriving the original data packet increases. As soon as the
base station 104 correctly decodes the original packet (e.g., using a
cyclic redundancy check (CRC) or other egror detection techniques), the
base stati-on 104 sends an acknow edgenent signal to the user term nal 106

to stop sengj bpackets. The r termnal, 106 may then send a first
subpac IIget ogjbggcr%\%' 31318 KB CCFBHah Wéﬁé‘d? @Igé?tsgléblﬁcﬁ?@ tBXhTﬁSRéWiOé At ode H ARQ
(FIG 7), vbaeestainghl 06 nidyoharas kefativly ook BRobhBiliey %f%ﬁ@@r??k%go% d

I en subpa &S of

transmtted in. an interlaced structure with 8 sl|ot’s betwe

the same i nf&Mng the origingl datrpecket] fiofe thenfirstrrseived sulemsketer Binad thellfe may
begi n thei rgdd ANEIH S84 | fLferent ot. baundaries, and therefore the
4-sl ot subpacket ?Ho%‘%%? fggg%‘%ngsglrlrgn‘%lp ﬁjlov h Syoregketgnd %%E?ﬁ@mpgﬂ? The

effects of deivadiframicach andived sabpicketiihe BEMaBilitybf ABESHAL LD Weriving the
cancel | ati on. r.ﬁe' vers for H ARQ and CDVA are described bel ow. [00%2 The
gai ns fr om TTHERY (BlAPREkCICRAERIP a tADFPMAshE base stpiéonot Qeeorrestiytdecodesithmal s

are renovedyddigiNdabiget kE I\{gr’ﬁ 2 hnj i sed _ herein | ated to
decodi ng ('andgisutgtar ac'ltfi % if%CR%?%%QE&éJ u?;eiélgecga@g OOE otﬂFeéfeﬁoE-({ege-c 1 ot
(T2P) rat i dschniquesk thekasSktuion 094 perab abiatkdowledgedeans pig to W isetferminal

appr oaches | sclosed herein f re-attenpting the dempdul ation and
decodi ng of ﬁ’égg (r!{sc’%asfe{@?g 8&?@?@?% a@ée BReE P Ve Ty dhen srad peRANMubpacket

| nt er f er enaef aarmgeickett i on from t he BTS FERAM 312 may be efficiently

i npl enent ed to account for asynchronous CDVA systens, such as EV-DO RevA,

wher e 0@ s t 1 anldiéi teverse bink af fAQrRevA: emplays HHARQI(ELG. ol wihesd ach E-gloal s
usin bri g AR l.S: ol al so.apply.to . EV-DV Rel D, CDIVA

EUL, ga:% c&%ﬁzooo?rx[&%’g‘é‘gﬁ §%l§)?i?l|£e§s e st %éﬂ%‘éﬁ“ieﬁﬁ%ﬁ“{eﬁ'@} gvﬁms be
defined as bebienaobpackets of thefseme interlaen Gatthéririops) didlireht JsBRIR¥ESs I inals

contri buticilré of user's data to the FERAM 312 after that user has c?ecoded
correctly ( pglayzgqglrsg}qg tsmyssiops g diféeaent sias boundarigs, anditherefdravihet-SoiC on

o, kS S0 oS BRSO 50 e
user async#syehronisn N}(Ean afficiRQt dewign ek amgrfezencEloM208on receivers for H-ARQ
' and CDMA are described below.

[0062] The gains from interference cancellation depend on the order in which signals
are removed from the FERAM 312. Techniques are disclosed herein related to
decoding (and subtracting if CRC passes) users based on traffic-to-pilot (T2P) ratios,
effective SINR, or probability of decoding. Various approaches are disclosed herein for
re-attempting the demodulation and decoding of users after others have been removed
from the FERAM 312. Interference cancellation from the BTS FERAM 312 may be
efficiently implemented to account for asynchronous CDMA systems, such as EV-DO
RevA, where users transmit pilot signals, control signals, and traffic signals using
Hybrid-ARQ. This disclosure may also apply to EV-DV Rel D, W-CDMA EUL, énd
cdma2000.

[0063] Traffic interference cancellation (TIC) may be defined as subtractive
interference cancellation which removes the contribution of a user’s data to the FERAM
312 after that user has decoded corréctly (FIG. 4). Some of the practical problems
associated with TIC on actual CDMA systems such as CDMA2000, EV-DO, EV-DV,
and WCDMA are addressed herein. Many of these problems are caused by the fact that



intentionally spreads user data franmes uniformy in tine to prevent excess
delay in the backhaul network. RevA of EV-DO Rel D of EV-DV, and EUL of
WCDMVA al swouse/ddytsni d ARQ whi ch introduces nore than onecpasseslogs7dat a

| ength. [0064] Multi-user detection is the main category of algorithns
under which TIC falls, and refers to any algorithmwhich attenpts to

| nprove performance by allowi ng the detegtion of two different users to
interact. A TIC nethod may involve a hybrid of successive interference

ancel latio |l ed sequential interfere cancel latjon or SIC) and

gar al | el : n{ég]g ?@%ﬁ%glag%ﬁé%rl YRy - cﬁ@é‘é‘ﬁ \/gﬁént ?P}' SKEHRE, (IMMA2080i on”
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subtractin USSR t S tinge. 65], TIC may be different
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PI C i sl00¢#ht t he Muobngser detectiqui Isathe Siafimaitegcty oTQ¥oritahd aeddr Ywiiidh THE fﬂ%?ei ver
e
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recei ved siGHaICTES fhgon Aleprithi wyhish adsmpiste dmprveaesiormangedry dildwiegahee i s
that the trupeibh oftwaniftls: (eeely flerhdlt € LRSS o Pvblie S Eatt ¢
channel through the H ARQ mech%?ﬁatsomﬁlrmf?lée1 réglgllkjvlglf:&%gé’éaynb VOB' o%v["ia'lﬁéd of

transm t t ecUBeRsHve aferdererceunaniéllation§also calleduequssiblintetfiare datcellkORH 6]
channel s fromthe front-end

Simlarly, diwi. S desikabl 0 _renove overhe )

RAM in a tSengPl na%&u%ﬁ%%eﬁll ger%6eélfﬁecéﬂcql 180-f e‘?ﬁ{?&%sswgnlél@qrfeaqchrpap@lk@ypn”
Overhead chafersefosngalypsithrd & bi@ aedks s sedudft B SniQf t QRRM tted
over head dat a, gnd this is determ ned by Secllldecoéli ng anée%(ﬁg\r@trae%?én‘ﬁﬁﬁ% t he
over head E2fl5esusers i FNPmIYE cresfonpangent EParatlel iderbaenvel taceltmiodefrefes a

cl ass of nmeLhomls: ichal ual i.nformation shows that, under

i deal conditi ons, %Eg%lggg%é\gsegﬁhggﬁ%ﬁ%%%d 5%%8{1?%?1? 8??0 USEEAL RS
capacity oftimge.nmul ti pl e access channel. The main conditions for this are

t hat sers fr nchronous and each user's channel may be
est | bde%fj With %@HP@?E‘TEQ‘%F% thanrplet gyterfyrenceaneqligion (R1E3. Hngahfferance
exanpl e of peavRh THCShid PHE i@ A tht RLAGNHSE" B! 1 kie! pafeciS oLy e
where the users transmt f f ANBS syngﬁr oﬁ%ﬁéﬁ?g %‘Eﬁélrrésslq?owgiﬁ?c%g@? ﬁ)e
- receiver in advance. Therefore, PIC may subtract the pilot contribution to the received

signal using only channel estimates. A second major difference is that the transmitter
and the receiver interact closely on the traffic channel through the H-ARQ mechanism.
The receiver does not know the transmitted data sequence until a user is successfully
decoded. , '

[0066] Similarly, it is desirable to remove overhead channels from the front-end RAM,
in a technique called overhead interference cancellation (OIC). Overhead channels
cannot be removed until the BTS 104 knows the transmitted overhead data, and this is
determined by decoding and then reforming the overhead messages.

[0067] Successive interference cancellation defines a class of methods. The chain rule
of mutual information shows that, under ideal conditions, successive interference
cancellation may achieve the capacity of a multiple access channel. The main
conditions for this are that all users are frame synchronous and each user’s channel may
be estimated with negligible error.

[0068] FIG. 5 illustrates a general example of power distribution of three users (user 1,
user 2, user 3), where the users transmit frames synchronously (frames from all users

are received at the same time), and each user is transmitting at the same data rate. Each



are received at the sane tine), and each user is transmtting at the sanme
data rate. Eachuser is instructed to use a particular transmt power, e.g.,
user 3 trao[diF1AERI a power substantially equal to noi seCcTusessB4dmansm ts
at a power substantially equal to user 3's power plus noise; and user 1
transmts at a power substantially equal to user 2 plus user 3 plus noise.
[ 0069] The receiver process signals frompthe users in decreasing order by
transmit power. Starting with k = 1 (user 1 with highest power), the

receiver at t o.decode for user 1. If decoding is _successful, then
user |'s COlIS’ISt% glpsb%l?"l%%cﬁe(fgo Pife? PEUEH R HARSYhRP VT Sior WEH 3 dFasmitb et apower based
on hi's charsubbtastdliyneugl to Hyise; WBet DRarklilsofl af foE sﬁa/sﬁl;ﬁq{?iﬁggggé 13§ ugnp | al
interference cancellation. The receiver continues unti codt ng has been
attenpted fROWVERPlusI9isesandaseh 1 drsasmithiat & Pooves anbstBitinRy afjoato iser ergley @Ree
cancel | ati o;‘nplg% %1% previ ously decoded users' successive interference
cancel | ati on. 8 ] Unfortunately, this approach may be very ‘sensitive to

decodi[0g6%r r or s. THef reaeisemn gogedsasigald Goai thes Bfers S GRerREsiMS SFdet b S&%%nﬁPt
i I'N

decode correctly, the siggnal -tointerference- plus-noise ratio of all
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mor e uni f orrARGEHARN Qfrthe previqualytdepeded|users bswceessive irfterderencymandulatibsm among

users ires: 0cessi ower and network .resources at_the end
of eac[%@fg}rjane bgjulﬁgar yte(s?{"n@fes gafqrozﬁglgwgy%u‘feay PPRILYF 1o ferodime erforsndfdane
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earliest ar.ri\fal tirie first rather than the user with the Targest power.
[0072] FI GIIEHErRRGRP s neise s1o(SINRY of aili folawingmeserst me be diewtrelytiegraded f or

frame asyn _ ' . St r, F 6. depicts
2 enaponot oI BRY Prelbhl (P Lot Bhe: ol HoiBHB B8R, (AREHF darbsd st
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Frame Asynchronism and Interference Cancellation, e.g. cdma2000

[0071] Suppose that user frame offsets are intentionally staggered with respect to each

other. This frame asynchronous operation has a number of benefits to the system as a
whole. For example, processing power and network bandwidth at the receiver would
then have a more uniform usage profile in time. In cdntrast, frame synchronism among
users requires a burst of processing power and network resources at the end of each
frame boundary since all users would finish a packet at the same time. With frame
asynchronism, the BTS 104 may decode the user with the earliest arrival time ﬁrst
rather than the user with the largest power.

[0072] FIG. 6 shows an example of a uniform time-offset distribution for frame
asynchronous TIC for users with equal transmit power. FIG. 6 depicts a snapshot of a
time instant right before frame 1 of user 1 is to be decoded. Since frame 0 has already
been decoded and canceled for all users, its contribuﬁon to the interference is shown

crosshatched (users 2 and 3). In general, this approach reduces the interference by a



crosshatched (users 2 and 3). hi general, this approach reduces the
interference by afactor of 2. Half of the interference has been renoved by
TI C bef orwodemndisg Franme 1 of User 1. [0073] hi anot hercendseaismestus t he
users in FIG 6 may refer to groups of users, e.g., user group 1, user
group 2, user group 3. [0074] A benefit of asynchronismand interference
cancellation is the relative symmetry betiween users in terns of power

| evel s and error statistics if they want simlar data rates, hi general

sequenti al r C ation ual  data rates, the | ast
user is reci(;a:a%?ggicE ﬁﬁlﬁsoef(r‘t 1"2‘# rhagdﬁ?fn 1§ BY%bﬁ'E{Q befqesyigsading Foame he
successf ul dﬂdmﬂllng of al I prior users. Asvnchronism Hybrl d ARO and
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transmtter brid ARQ takes advantage of the tinme-varying nature
of fading c alﬁ(gggg}alwn?“és “Channel conditions are good for the first 1, 2

or 3 subpacAsmuehrdnian, H{brid AR Fnd TR tFR e eﬁvdﬁéﬂéwg 0“' y_those
subpacﬁ&,}ﬁ and the recelver sends an The ACK
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i nterferenc ¢ Eoe dlaﬁa of decoded users causes to ot her users.
recei ver ng SEERERG %P?eéiﬂrﬁlﬁn%ﬁ??ﬂrtr%lgmlttm@bFERAMmebaared t he
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rate) and is common
are eight time slots between the end of a subpacket of a given interlace and the

beginning of the next subpacket of the same interlace. This gives enough time for the
receiver to decode the subpacket and relay an ACK or negative acknowledgement
(NAK) to the transmitter. _

[0076] Hybrid ARQ takes advantage of the time-varying nature of fading channels. If
the channel conditions are good for the first 1, 2 or 3 subpackets, then the data frame
may be decoded using only those subpackets, and the receiver sends an ACK to the
transmitter. The ACK instructs the transmitter not to send the remaining subpacket(s),
but rather to start a new packet if desired.

Receiver Architectures for Interference Cancellation

[0077] With TIC, the data of decoded users is reconstructed and subtracted (FIG. 4) so
the BTS 104 may remove the interference the data of decoded users causes to other
users. A TIC receiver may be equipped with two circular memories: the FERAM 312
and the BERAM 316.

[0078] 'The FERAM 312 stores received samples (e.g., at 2 x éhip rate) and is common
to all users. A non-TIC receiver would only use a FERAM of about 1-2 slots (to

accommodate delays in the demodulation process) since no subtraction of traffic or



to all users. A non-TIC receiver would only use a FERAM of about 1-2 slots
(to accompdat e del ays in the denodul ati on process) since no subtraction of
traffic owowvessneatii nterference takes place. In a TIC recgivsesosioos74sa system
with HARQ the FERAM may span many slots, e.g., 40 slots, and is updated
by TIC through the subtraction of interference of decoded users. |In another
configuration, the FERAM 312 may have ajibength that spans less than a full
packet, such as a length that spans a tine period froma beginning of a
subpacket of cket. to an end of a subsequent subpacket of the packet.
[0079] The ‘B’E%&gﬁ?ﬁsrf?@&?ee%‘k%ﬁb%l an ad Ky FRseiver &1 & pystene vathy BHABIQ, shais
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the system %eneral by using a shorter FERAM 312 the benefits of TIC
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Whenever a new subpacket 1s received, decoding’is attenpte or that packet
using al | tHemaaideetsedalnsplrse loe wheraver adlot existh EoRERAFERAM 3112. decoding i s

successful , ' ri 40 fo that packet is canceled fromthe FERAM
312 by rec mleiShs J}%]ﬁ,%@, §E§ %—vﬁf}g&—ﬁh contribution of all conponent
subpa¢eosos (1, Zhe3izeosf the BERAM 316 and FERAM 312 may be chosen according to

various trade-offs between required processing power, transfer bandwidth from the

memories to the processors, delays and performance of the system. In general, by using

a shorter FERAM 312 the benefits of TIC will be limited, since the oldest subpacket

will not be updated. On the other hand, a shorter FERAM 312 yields a reduced number
- of demodulations, subtractions and a lower transfer bandwidth.

[0081] With the RevA interlacing, a 16-slot packet (four subpackets, eéch subpacket
transmitted in 4 slots) would span 40 slots. Therefore, a 40-slot FERAM may be used
to ensure removal of a user from all affected slots.

[0082] FIG. 8 illustrates a 40-slot FERAM 312 that spans a complete 16-slot packet for
EV-DO RevA. Whenever a new subpacket is received, decoding is attempted for that
packet using all the available subpackets stored in the FERAM 312. If decoding is
successful, then the contribution of that packet is canceled from the FERAM 312 by
reconstructing and subtracting the contribution of all component subpackets (1, 2, 3, or
4).. For DO-RevA FERAM lengths of 4, 16, 28, or 40 slots would span 1, 2, 3, or 4
subpackets, respectively. The length of the FERAM implemented at the receiver may

depend on complexity considerations, the need to support various user arrival times, and



4). For DO RevA FERAM | engths of 4, 16, 28, or 40 slots would span 1, 2, 3,
or 4 subpackets, respectively. The length of the FERAM i npl enented at the
recei ver weyoeapersd on conpl exity considerations, the neet/useooswopest
various user arrival tinmes, andthe capability of re-doing the denodul ation

and decodi ng of users on previous franme offsets. [0083] FIG 9A illustrates
a general nethod of TIC for an exanple gB3 sequential interference
cancellation (SIC) with no del ayed decodi ng. G her enhancenents will be
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in bl 016. When.a enpt, t o, decode has been performed on all users, a
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[0086] If the user packet fails to decode, a NAK is sent back to the access terminal 106
' in block 918. If the user packet is correctly decoded, an ACK is sent to the access
t¢rminal 106 in block 908 and interference cancellation (IC) is performed in blocks 912-
914. Block 912 regenerates the user signal according to the decoded signal, the chaﬁﬁel
impulse response and the transmit/receive filters. Block 914 subtracts the contribution -
of the user from the FERAM 312, thus reducing its interference on users that have not
yet been decoded. -

[0087] Upon both failure and success in the decoding, the receiver moves to the next
user to be decoded in block 916. When an attempt to decode has been performed on all
users, a new slot is inserted into the FERAM 312 and the entire process is repeated on
the next slot. Samples may be written into the FERAM 312 in real time, i.e., the 2 x
chip rate samples may be wriften in every Y% chip.

[0088] FIG. 9B illustrates an apparatus comprising means 930-946 to perform the

' method of FIG. 9A. The means 930-946 in FIG. 9B may be implemented in hardware,

software or a combination of hardware and software.
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significantly. The

lower SINR since users with higher SINR have a higher probability of decoding. Also,

users with similar SINR may be grouped together. In case of fading channels, the SINR
is time varying throughout the packet, and so an equivalent SINR may be computed in
order to determine an appropriate ordering. .

[0093] C. Time: The BTS 104 may decode “older” packets (i.e., those for which more
subpackets have been received at the BTS 104) before “newer” packets. This choice
reflects the assumption that for a given T2P ratio and ARQ termination goal, packets are
more likely to decode with each incremental subpacket.
Methods for Re-Attempting Decoding

[0094] Whenever a user is correctly decoded, its interference contribution is subtracted
from the FERAM 312, thus increasing the potential of correctly decoding all users that
share some slots. It is advantageous to repeat the attempt to decode users that
previously failed, since the interference they see may have dropped significantly. The
choose delay block 902 selects the slot (current or in the past) used as reference for
decoding and IC. The choose users block 903 will select users that terminate a

subpacket in the slot of the chosen delay. The choice of delay may be based on the

following options:



choose del ay bl ock 902 selects the slot (current or in the past) used as
reference for decoding and I C. The choose users block 903 will select users
t hat ter mwoab@/@i1msubpacket in the slot of the chosen delpayusidvs/osdvas ce of
del ay may be based on the follow ng options:[0095] A Current decoding

i ndi cates a choice of noving to the next (future) slot once all users have
been attenpted for decoding, and the next5 slot is available in the FERAM
312. In this case, each user is attenpted to be decoded once per processed
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the previous frame offset). Due to the partial overlap among asynchronous users, the
removed interference of subpackets that terminate in the current slot will imprbve the
chances of decoding past subpackets. The process may be iterated by going back more
slots. The maximum delay in the forward link ACK/NAK transmission may limit
backward decoding.

[0098] D. Forward decoding: After having attempted to decode all packets with
subpackets that terminate in the current slot, the recéiver may also attempt to decode the
latest users before their full subpacket is written into the FERAM. For example, the
receiver could attempt to decode users after 3 of their 4 slots of the latest subpacket

have been received.
Methods for Updating the BERAM

[0099] In a non-TIC BTS receiver, packets are decoded based solely on the
demodulated symbols stored in the BERAM, and the FERAM is used only to
demodulate users from the most recent time segments. With TIC, the FERAM 312 is
still accessed whenever the receiver attempts to demodulate a new user. However, with
TIC, the FERAM 312 is updated after a. user is correctly decoded based on

reconstructing and subtracting out that user’s contribution. Due to complexity



denodul at ed synbols stored in the BERAM and the FERAMis used only to
denodul ate users fromthe nost recent tine segnents. Wth TIC, the FERAM
312 is stwbloemoemsed whenever the receiver attenpts topdermsdasatesa new
user. However, with TIC, the FERAM 312 is updated after a user is correctly
decoded based on reconstructing and subtracting out that user's
contribution. Due to conpl exityconsidergions, it my be desirable to
choose the FERAM buffer length to be less than the span of a packet (e.g.,
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FERAM 312.

Methods for Canceling Interference from Subpackets That Arrive Due to a Missed
ACK Deadline

| [00102) - In general, the extra processing used by TIC introduces a delay iﬁ the decoding
process, which is particularly relevant when either iterativé or backward schemes are
used. This delay may exceed the maximum delay at which the ACK may be sent to the
transmitter in order to stop the transmission of subpackets related to the same packet. In
this case, the receiver may still take advantage of successful decoding by using the
decoded data to subtract not only the past subpackets but also those which will be
received in the near future due to the missing ACK.

[00103] With TIC, the data of decoded users is reconstructed and subtracted so that the
base station 104 may remove the interference it causes to other users’ subpackets. With
H-ARQ, whenever a new subpacket is received, decoding is attempted for the original
packet. If decoding is successful, then for H-ARQ with TIC, the contribution of that

packet may be canceled from the received samples by reconstructing and subtracting out



received in the near future due to the mssing ACK. [00103] Wth TIC, the
data of decoded users is reconstructed and subtracted so that the base
station W4 wwy7iwIOVEe the interference it causes to ot lrer/USS@5H46744
subpackets. Wth H ARQ whenever a new subpacket is received, decoding is
attenpted for the original packet. If decoding is successful, then for
HARQwth TIC, the contribution of thatipacket nay be canceled fromthe
recei ved sanples by reconstructing and subtracting outthe conponent
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t hi s hel ps dbeenpapdtfirt Qiccédsive Sniérference cancellation within the group. In classical
group IC, users in the same group do not see mutual interference cancellation.
'Therefore, as the number of users in a group grows larger, the implementation
complexity decreases but there is a loss due to the lack 6f cancellation between users of
the same group for the same decoding attempt. However, with H-ARQ, the receiver
would attempt to decode all users in the group after each new subpacket arrives,
allowing users in the same group to achieve mutual interference cancellation. For
example, when the packet of User 1 decodes at time n, this helps the packets of Users 2
and 3 decode at time n + 12, which further helps User 1 decode at time n + 24. All
subpackets of a previously decoded packet may be canceled before reattempting decode

for the other users when their next subpackets arrive. A key point is that although

particular users may always be in the same group, their subpackets see the IC gain when

other group members decode.



and 3 decode at tine n + 12, which further helps User 1 decode at tinme n +
24. Al subpackets of a previously decoded packet may be cancel ed before
reatt enptwogoekrzome for the other users when their next pewhpamiseiesarrive.
A key point is that although particular users may always be in the sane
group, their subpackets see the I C gain when other group nenbers

decode. Joint Interference Cancellation ¢ Pilot, Overhead, And Traffic
Channel s [00107] A problem addressed by this section is related to
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Met hods for Overhead Channels Cancellation [00111] FIG 1 1 illustrates a
RL ov8MBYd chafacand, smpefsanyriaterastions among PIEYy.QIC, Red ATICT heer deraomstrated t ypes

of over heaﬁh—&{@”ﬁ@{eﬁ{ p&?oq'mtaxgeearldsha{[rc?wgrse ?il%&t’) 3e@?g11%|1-;adeoffs. A few schemes are

described on how to best combine all three cancellation procedures. Some may have
more performance gain, and some may have more complexity advantage. For example, -
one of the described schemes removes all the pilot signals before decoding any
overhead and traffic channels, then decodes and cancels the users’ overhead and tfafﬁc
channels in a sequential manner. ,

[00110] This section is based on CDMA2000 1x EV-DO RevA systems and in general
applies to other CDMA systems, such as W-CDMA, CDMA2000 1x, and CDMA2000
1x EV-DV.

Methods for Overhead Channels Cancellation

[00111] FIG. 11 illustrates a RL overhead channels structure, such as for EV-DO RevA.
There are two types of overhead channels: one type is to assist the RL
demodulation/decoding which includes the RRI (reverse rate indicator) channel and the
auxiliary pilot channel (used when payload size is 3072 bits or higher); the other type is
to facilitate the forward link (FL) functioning which includes DRC (data rate control)
channel, DSC (data source control), and ACK (aclmowiedge) channel. As shown in
FIG. 11, ACK and DSC channels are time-multiplexed on a slot base. ACK channel is

only transmitted when acknowledging a packet transmitted to the same user on FL.



denodul ati on/ decodi ng which includes the RRI (reverse rate indicator)
channel and the auxiliary pilot channel (used when payload size is 3072
bits or hwohessa71ishe other type is to facilitate the foreans2éosnke7edL)
functioning which includes DRC (data rate control) channel, DSC (data
source control), and ACK (acknow edge) channel. As shown in FIG 11, ACK
and DSC channels are tine-nultiplexed onga slot base. ACK channel is only
transmtted when acknow edgi ng a packet transmtted to the sane user on

FL.[ 00 Anong Averh adcann the data of the auxiliary pilot
channe‘%igﬂ ]knomA}égg ?i oerolVe ad g a’P’&Eeﬁ\?élF‘ta Ofﬁg Aty Pslp?ﬁhaaneltlbﬁmwm ry
pi | ot channgtiori athelesteiviet. aTh&Bfo?@@uﬁ'i%%’bHﬂla?}f FUSALHEHRE G dfod ﬂ'n% %hcg””e'
and the auxiliary pilot channel may be reconstructe

about the cqlf’éﬁﬁ’\‘ég arg HRECEapn $01r this ebanneki andaithe pumharyrrpuoﬂoehaiﬁleﬁ m@ycbd: p

cf T oy R B Y GRE DSl 7 ol el PR RHETRIM ian gl 411 -

cf [n- n fmaybke {ltn?xnhlp(fﬂHXeso{dmbnfah(Sﬁihﬁ)arépréhen&d -as (owf ofiF sd¥hfe Eﬂat' on 1
Reconstructed auxiliary pilot signals where n corresponds to chrpxl
sanpling rate, / is the finger nunber, cf is the PN sequence, W aux is the
Wal sh code assigned to jheMaum liary pilot channel, Gaux is the rel ative

gain of this chai+6 #hEcgl[nﬂwﬂwfagl[kop] &f, i(® qg 5 i yratoed sghannel
tO

coefficient (or channel response) WhICh IS assu a constant over
one segnent, S the f [unc on or convol ution of the transmt pul se
and the recei Wet ”Iw*pél%tfm‘l ret i fag X r@g,o( {8+ —ics, ])assimeciu
non-negligible in [-MI C4&C]), g f is the chipx tine off'set of this
finger wwth a =g f nod 4 and df - | Aj. [00113] The second group of
overhead channel's, which i rybatidesRORGucREGxiRAPiIRREghannel s, are encoded
by either bi- orthogonal codes or sinplex codes. On the receiver side, for
each channel, the denodul ated outputs are first conpared with a threshol d.

If the out puerd 5 Bet@PbidiGoldhia o 1ing'?at€r?5gﬁe'fﬁlggleﬁur§hgrd Ang § BeENded by

reconstruction is attenpted for t gnal rwse ey ar'g
a synbol - base@negdb MUty ke lwheped c(fl\és)s I \mh? be i pside the
decoder 308&?% FIG % The decode tgg%% ﬁ)b{h?s élr :}H%S?n belandt et i on
of the cor &@g@w#y,,pgfmm 1 téh construct d SI gnal s
for these channels are gi ven as o n kg?t':f'ﬁ Pmﬁ{eﬁfﬁﬁ{’e fqefagent ~( n
f[ m- af Jér thabinel respolise) which is assumed to be a constant over one segment, ¢ is the

filter function or convolution of the transmit pulse and the receiver low-pass filter of

chipx8 resolution (¢ is assumed non-negligible in [— MT,,MT, ]), 7 1s the chipx8 time -
offset of this finger with @, =y, mod4and 5, = I_;/f /4J.

[00113] The second group of overhead channelé, which includes DRC, DSC, and RRI
channels, are encoded by either bi-orthogonal codes or simplex codes. On the receiver
side, for each channel, the demodulated outputs are first compéred with a threshold. If
the output is below the threshold, an efasure' is declared and no reconstruction is
attempted for this signal. Otherwise, they are decoded by a symbol-based maximum-
likelihood (ML) detector, which may be inside the decoder 308 in FIG. 4. The decoded
output bits are used for reconstruction of the corresponding channel, as shown in FIG. 4.

The reconstructed signals for these channels are given as:



m=-Mof [2n +df +I]=cf [n- MW o [n- ]-doGo -{hf f[ m4-a f ]},n
=0,...,5n m=M Equation 2 Reconstructed overhead (DRC, DSC, and RRI)

si gnal s [WOdekjo7Cempared with Eq. 1, there is one new t ecmuGooshisehs i s t he
overhead channel data, W .0 is the Walsh cover, and Gaux represents the
over head channel gain relative to the primary pilot. [00115] The remaini ng
overhead channel is the 1-bit ACK channep. It may be BPSK nodul at ed,
un-coded and repeated over half a slot. The receiver nay denodul ate the
signal and nake a hard-dgecision on the ACK channel data. The reconstruction

i I del tlh 81 h
fiaggﬁst ?ltj)c'? t he Z%I?J eg;,e'lr{ﬁs?%]néf’ as‘u]urrés 'g(ﬁéfb[@g dﬂI a?gjc)fr aE:gumJI at ed

ACK signal, after normalMl zation, may be represented as: y = x +z , where X
is the tran@ ﬁt}- ﬂ:]gn [An [t dsgal;; J iae 4 t hewari ance of
s 2 . Then, the ?gg ZE/I hOOgl}f/éfl )?ELR) of” 81?5 gi vfe]?‘iwél'ls\b’ﬂk\sel\é for the
reconstruction purpose, a soft estimate of the transmtted bit may be: PrQ
=) + Pr =1 )-(- I)-Eqwneni&whl(szycﬁdpmﬁvad(DRCm S dRRE Igadlsh function may be

tab | Th t th
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confidence th&M@halky/ iRt Pi cture. This approach in general may be extended to

over head channel s "nenti oned above. However, the conplexity of the maxinmum
apost 400188l pr oﬂ&lbmemym(g\myh@dtcﬂmnmi it clheobi.bal ACKh¢hahh®. fRmMABABH BIPSK 9r ows

tial f d nbol .
L0031 7 ondSped s BB ST Fpfased ik Rl Shsad b netsar macasmeedulate Fisn | s
one finger ,sngﬁalyarﬁilﬁlhlae adnid-das96edn ANe W@ﬁ@@hﬁngpaﬁta bynd }e%oflﬂaﬁgbl)( glﬁggl::)&’

cover it by the Wal sh code,and sumthemtogether, then spre
seqguence aﬁEPdFIWEPefh@rsé@Qﬁsﬁﬁezchannel scaled filter hf all at once. This
met ho JiRy save o ti,on i nory bandw dth for
subt r g.%tl on pur gglgtﬂér Qﬂﬁ)&{cﬁ 'tc? re%gnnprugtx tﬁg ﬁﬁi m?l eY signal assumes the
demodulated and accumulated ACK signal, after normalization, may be represented as:

y=x+2z,

where x is the transmitted signal, and z is the scaled noise term with variance of o> .
Then, the log-likelihood ratio (LLR) of y is given as
L=In Pr( =1 I y )
=M= y
Pr(x =—1| y) o’

Then, for the reconstruction purpose, a soft estimate of the transmitted bit may be:

o L)-1 2

#=Pr(x=1)-1+Pr(x = -1)-(-1)= XD =1 _ 0 h(2) = tann( 2

e O e e DR (]

where the tanh function may be tabulated. The reconstructed ACK signal is very
similar to Eq. 2 but with the exception of replacing d, by X. In general, the soft

estimate and cancellation approach should give a better cancellation performance since
the receiver does not know the data for sure and this method brings the confidence level
into picture. This approach in general may be extended to overhead channels mentioned
above. However, the complexity of the maximum aposteriori probability (MAP)
detectpr to obtain the LLR for each bit grows exponentially with the number of
information bits in one code symbol. |

[00117] One efficient way to implement overhead channel reconstruction is one ﬁngér,

may scale each decoded overhead signal by its relative gain, cover it by the Walsh code,



c df -hf f beconmes ( cf df -hf )f f f Joint PIC, QC and TIC [00118] Joint
PIC, OC and TIC may be perforned to achi eve hi gh performance and i ncrease
syst em capeacbisp7iisnf f erent decodi ng and cancel | ati on or gderaisedosPid344 O C and
TIC may yield different system performance and different inpacts on

har dwar e design conplexity. PIC First Then O C And Tl C Toget her (First
Schene) [00119] FIG 12A illustrates a mgthod to first performPIC and then
perform O C and TIC together. After a start block 1200, the receiver

derives ch or all .users erfor power control in

bl ock 1202. nceﬁl{ehﬂ%%etﬁ l{ggtsgrepgﬁygp? P ﬁgﬁfﬂg enge @ng filgnthsquebtis; chanagl- nay
be subt ractsz:dledrfd&rt lan a@hﬁé‘ﬁ'le"[‘ﬁl FEh Bl

Therefore, all usersmtar affic charstnef%g anggr?g‘%tj%?tﬁ cg{?guﬁ lg%oﬁgf%xgygnd

observe Ie%emﬁt@méwahhé)raubltrmlenpbipesé.o benefit fromthe in-front pil ot
cancel | ati on. [00120] Bl ock 1206 chooses a group G of undecoded users,

e.g., whose packets or subpacketsstgrm, r,;gé e[h%mg rr % oundary
[

Bl ocks 1208-1210 perform over headf#r/aff anne ¥n and
decoding. In block 1212, only the successfully decoded channel data will be
reconstruct ed and subtract ed fromthe frontend RAM (FERAM) 312 shared by
all users. a8t whet her there are nore users to decode. Bl ock

1216 teerspat es j, 0 Sandl .
decodi ng/ rgconst r ggtqqgnfjggncgl ?&1@%’ §er80émieﬂ tg aghigye Mighaperformmnesand om
one user | nntae@eawﬁtemmaphmtynditffeuamlde¢dahﬁg1ﬁ1cgéawﬁlatﬂ6ﬁ'o@&rﬁf@if PRE & {Q‘l

In this_approach, users in lat

successi ve 1!. gtrgrfer ﬁdgglg cancel | ati on.

decodi ng or'der ™Y Viefbdillerrnt a%%Pséﬂ@twg apg grffarens impacte bh nidwrase d;émgrsers
in earlier cdppbatitgg order. A sinplified approach is to decode all users in
t he same group fi rst and then subtract their interference contributions
all at onc@ICHHiEstEhenIG Ay : ’tdlmmsl bed bel ow) allows both

| ower r ba re effi | architecture. In both
cases, mﬁ@ ﬁser sri:q&lI pg%‘klgeﬁﬂsqr\ﬁgé) c%mﬁ%‘oﬂg?%{]%ﬂ?ﬁf elp g:t andhten grifomn QIChandndar y
but over | ap TiCttbgdthers Afterupstaft bkkioos, e ri@éél\terfdreﬂoast {Haﬁn&aegﬁrﬁaﬁ&t o) rall Thi's

cancel | ation may,account for a majority of the cancellation gain
asynchr onoY&r PENRITSROV W EeDtpgl iR bpck] 1292i | Sinet thatpilet data dopall aseds are

conpri si NgkABRA St ﬂﬁ‘@ofh%gltn ytl?e Bl%'txfaa &nohce their channels are estimated in PIC block

1204. Therefore, all users’ traffic channels and certain overhead channels observe less

interference and are able to benefit from the in-front pilot cancellation.

[00120] Block 1206 chooses a group G of undecoded users, e.g., whose packets or
subpackets terminate at current slot boundary.  Blocks 1208-1210 perform
overhead/traffic channel demodulation and decoding. In block 1212, only the
successfully decoded channel data will be reconstructed and subtracted from the front-
end RAM (FERAM) 312 shared by all users. Block 1214 checks whether there are
more users to decode. Block 1216 terminates the process.

[00121] The decoding/reconstruction/cancellation may be in a sethential fashion from
one user in a group to the next user in the group, which may be called successive
interference cancellation. In this approach, users in late decoding order of the same
group benefits from the cancellations of users in earlier decoding order. A simplified
approach 1is to decode all users in the same group first, and then subtract their
interference contributions all at once. The second approach or scheme (described
below) allows both lower memory bandwidth and more efficient pipeline architecture.

In both cases, the users’ packets which do not terminate at the same slot boundary but



met hod of FIG 12A. The neans 1230-1244 in FIG 12B may be inplemented in
har dware, software or a conbination of hardware and software. [00123] FIG
13A i |l uswoabe7aretari ati on of the nethod in FIG 12A Broas3005806744210
remove a signal based on an initial channel estimate in block 1202. Bl ock
1300 derives a data-based channel estimate or a refined channel estimate.
Dat a- based channel estinmate nmay provi deja better channel estinmate, as
descri bed bel ow. Bl ock 1302 perforns residual PIC, i.e., renoves a revised
estimat e of tge Slﬁnﬁ% based. on a refinenment of the channel estimate in

bl ock 1300.°YFHERAYH &w&fmaéset%bﬁwﬁﬂﬁ?mtthiétcame&_@k@- 1Py caweliaticpsuay ed in
renovi ng argcbdlink fitla rﬁhjgﬂ ofqgé b;{H%E‘Eb ivinRhla %cﬁkgl[%ﬁé bp%gnf!tef rom t he
e estl mate

recei ved sanples. Then, based on a r chan 7&d in bl ock
1300, [O®22het hoFIGodAB lllhﬁratavalsmj)amt@nedmmMngrmhmsPZ{m}lzﬂhs pREbAR dhdRY

t hen renove al n| - Pl fromthe sanple

| ocations i nétp?'nd og%,{ﬁmig}\ ggi anitllé% igﬁf{ il IFﬁét ?3Pe@a&ﬁed§%?%w in
conpri si ng Hiedwise &ﬁ%&&%coﬁ%@atloﬁ%%ﬂ@a%ﬁ%mﬁa&e met hod of FIG 13A
The neans 1230- 1244 1310, 1312 in FIG 13B may be inplenented in hardware,

sof t wdPM23k a cdiffi hadiiBustistestavatiation ofi the methodén EIG PI2A. FBicks TROH1TICC. And

Then TIC ( 0 his nd SC I o, FI G 12A
descri-bed ggﬁggéi%mﬁ ﬁr%ee({e%%:&e%ﬂ%al %Mfﬁes\}g}aﬁel Hﬁ‘g"ﬁ%@@ gpﬁ %Q@ degives gr oup
of users araedatesbashd alizclaosimite ades rbdedr ehaanyl bétahdie.C DRAMASES cRiBiel
denodul at ed and decoded.. This schene is suitable for a non interl aced

syst em si nESIHACSHAY ArovidK adB%fEﬂrl“rbémPeé GSHpdtseds drseribad b¢1@‘€r| M 5302 em
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subpackets, the tolerable decd |c c
general ar acfiriemientof the charmiel q:stlalamln;hll(mkslBOt)s (I'slot = 1. 67 ms) Ther ef or e,
this

if cer over ad ch nel s over re than this tine scale,
scher‘rﬁ({)(ﬁbgI beco l??ﬁng i ﬁ?rgléqeﬁﬁ%dl?lf’?@u} A-12J9 rseyliedyin rempving an ynifial ot
channel andjgheKestikann apitoti DSPIOH r r n V

subtract ed i)ef or e1 TI C@Jchn i?]t tPSi%rl%t)/ Cf;e}r fﬁg%idt/ﬁérlrrﬁa%‘{eg S%% %\e%eﬁhggn%%ﬁ a{ll on

(The Thi r d b¢reshannglogstinre geriyediinblpek 1300, sthe snethod forots the rpeisédrignaloi nt
PIC, OC a t ck 1400, .t he receiyv es..channel
esti mati on%% H%Etglplzﬁgs gﬁ%ealgﬁ%l%per‘i}) S THBON the dﬂ‘ErFIB‘Fn%ﬁﬁF’g'?Hniﬁ(l)fﬁere@eock
1404 choosémnathgsanpleCoationimhoRed gs2r s. Bl ock 1406 :

[00125] FIG. 13B illustrates an apparatus comprising means 1230-1244, 1310, 1312 to
perform the method of FIG. 13A. The means 1230-1244, 1310, 1312 in FIG. 13B may

be implemented in hardware, software or a combination of hardware and software.

PIC First, Then OIC, And Then TIC (Second Scheme)

[00126] This second scheme is similar to FIG. 12A described above with the exception
that overhead channels of the same group of users‘ are demodulated and decoded before
any traffic channels are demodulated and decoded. This scheme is suitable for a non-
interlaced system since no strict ACK deadline is imposed. For an interlaced system,
e.g., DO Rev. A, since ACK/NAK signals respond to the traffic channel subpackets, the
tolerable decoding delay for traffic channel subpackets in general are limited to within a
couple slots (Islot = 1.67 ms). Therefore, if certain overhead channels spread over
more than this time scale, this scheme méy become unfeasible. In particular, on DO
RevA, auxiliary pilot channel and ACK channel are in a short-duration format and may
be subtracted before TIC.



re-estimates the channel frompilots. Blocks 1408-1410 attenpt to perform
overhead/traffic channel denodul ati on and decodi ng. Bl ock 1412 perfornms PIC
for all uwensosantdie® C and TIC for only users with succegsfuskyosaessaded
channel data. [00128] Different fromthe first scheme (FIG 12A) discussed
above, after the channel estimation for all users (block 1402), the pilots
are not subtracted from FERAM 312 ri ght @®way and the channel estimation is
used for power control as the non-1C schene. Then, for a group of users who

term nated af. t hpack bo ary. the method perforns
sequenti al Jbint fioP6PEHRATATatrRC wefiﬁ;‘ﬂ@gﬂa_(@aﬂsﬂim@fong]. For an

at t enpioet2lecod RIS user ilubiidtes ¥ reffba'th peHof JAR PRRISE MASIENARAG , oM the
pil ot (bl OCJ;I aﬁg%& The pilot sees |lesS interference conpared to the™i me
(bl ock 1402%*° . ttheuaeceerdamivast chanmed restywelion Swrell wderdlarel perfirnisasohes ence

cancel | ati o, | % ts which overlap with the
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estimation is used for traffic channe

performance. Thig. n hanne [ L

decodi ng ( b?V&}kea@Efgejﬂé %?ﬂﬂﬁg|4en5’§u{?aple andh despdinge Floek dtHeperfremes AIG Jor il ock
1408) (e. g.useSRndOTaymalTIt = G i rocess,is finished
for one useb;seat bl ock 14115:?0%%?%%\%%%?%%?%8? g? %ragn%sd%p S

i nt er {l80B8te conPiierut iftom theofirst keheREREIG3124) distwsted Abdvedafieri ths cRirdrRi .
channel an . od gver.head ffic.channel. [00130] Bl ock 1414 checks
whet her t hgﬁsgﬂétrlgr?(rﬁcgr@pﬁieﬁ gbq?cg( ﬁl%@’dg’.e o e M0t gubtgctadnfiemFERAMyB B esss .
[00131] FI Gight 4Bay lahdi el Hafie] BBtIRARRM RtudSd B 2 to
performthe net g}cli of FIG 14A 1The _nmeans gdd% owfigg‘gfdﬁgﬁfﬁ Hbﬁgj r}f:;h):%g‘g'e

i npl enent egﬂ}eﬁ’ ARTAR Of ussrs Whe derarinatecsatrthe warme packet/sutpackea beurtaty, the
software. | i Ll : | at § f the nethod in FIG
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previously decoded packets which overlap with the to-be-decoded traffic packet.

Therefore, the channel estimation quality is 1improved, which benefits bofh traffic
channel decoding and cancellation performance. This new channel estimation 1s used
for traffic channel decoding (block 1410) as well as certain overhead channel decoding
(block 1408) (e.g., RRI channel in EV-DO). Once the decoding process is finished for
one user at block 1412, the method will subtract this user’s interference contribution
from the FERAM 312, which includes its pilot bhannel and any decoded
overhead/traffic channel.

[00130) Block 1414 checks whether there are more users to decode. Block 1416
terminates the process.

[00131) FIG. 14B illustrates an apparatus comprising means 1420-1436 to perform the
method of FIG. [4A. The means 1420-1436 in FIG. 14B may be implemented in
hardware, software or a combination of hardware and software.

[00132] FIG. 15A illustrates a variation of the method in FIG. 14A. Block 1500 derives

data-based channel estimates. .Block 1502 performs an optional residual PIC as in Fig.
- 13A.



[00134] It may appear that first scheme shoul d have superior performance
conpared to the third schene since the pilot signals are known at the BTS
and it makewerns®wit 0 cancel themin front. If both schegeasass/oassaned to
have the sanme cancellation quality, the first scheme may outperformthe
third schene throughout all data rates. However, for the first schene,
since the pilot channel estimation see324hi gher interference than the
traffic data denodul ation, the estimted channel coefficients used for
reconstruction purpose (for both pilot and overhead/traffic) may be

noi si @013HoweveF]G.f OB ilhetraths anl appdratoe comprising nvengil #20-143wriné0, EdLitomt i on

i nt er for enbeTEBE reed 0FIEN T5Ar cietedng PRl R db Mg 14, i mave as
the traffige daplemeRed dihalwee; sofiveie oONcEShATR of hARIVERE &R doiwae qual ity

of the third scheme may be better than the first scheme. [00135] From a
har dwar e ddzadgeffsBetween TheFirst,Ane xeliemes nay have a slight edge: the
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tradeof f s Hetweeen fat ther fitst phemasemceethee pdeli chamehwshematioh seserlvgimr

eneral, it favors the_fir chene i.f all users are.in low data rates

Pegi on andiHFLETGIsgAbe e rathy fagmoguiefon. 41 S5 el chne TR ARG s
re-estimat gort RRoRAARASH FurpdBet (Tor totl fhilot CiANBeérhedTRa BB AL et neikieflat a i s
decoded. The cancellation quality shall_inprove since the traffic channel
oper at es atlopemerh foritheythind schimne sifsartkeipe chrnep estmationds rrslone rightigsfore

Over head chanpe} r ne s I
Succeset ul 1y Halts F s RRRRCLSRICShE WnehiStiRal 1601 Yo BSTREL VLRS-
denodul at eghamnel etanden isihe cams fas theytraffic dat depssiubitiont Mhen,t dicavesse, tieat i on

coul d successfully denodul at e/ decode t he, over head ang traffic channel s of
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Pil ot, overhead an ata nmay be canceled 1 n various~orders,
and cancel ée rhethodmagstms thé pikstaed de¢odediomerhead and traffic channel data and cancel

them together, therefore, this approach saves memory bandwidth. On the other hand,

the re-estimation of pilot may be performed together with either overhead channel
demodulation or traffic channel demodulation (in terms of reading samples from
memory), and thus, there is no-increase on memory-bandwidth requirements.

[00136]) If it is assumed that the first scheme has 80% or 90% cahcellation quality of the
third scheme, there are tradeoffs between data rate per user verse gain on number of
users. In general, it favors the first scheme if all users are in low data rates region and
the opposite if all high data rate users. The method may also re-estimate the channel
from the traffic channel once one packet of data is decoded. The cancellation quality
shall improve since the traffic channel operates at (much) higher SNR compared to the
pilot channel.

[00137) Overhead channels may be removed (canceled) once they are demodulated
successfully, and traffic channels may be removed once they have been demodulated
and. decoded successfully. It is possible that the base. station could successfully

demodulate/decode the overhead and traffic channels of all the access terminals at some



[ 00138] One approach is to performinterference cancellation (of any
conbination of PIC, TIC and O C) for one user at a tine fromthe RAM 312.
Anot her appro@nitiics to (a) accunul ate reconstructed si gearast@soasrys
conbination of PIC, TIC and O C) for a group of users and (b) then perform
I nterference cancellation for the group at the sane tine. These two
approaches may be applied to any of thejgethods, schenes, and processes

di scl osed herein. Inproving Channel Estinmation For Interference

Cancel I ation.[,00 39% lgc%,a L i:é/ to accurately reconstruct received sanples
may signi f iROAN Py BYf bty Ioerlie} pefER tBfn theddviiMedenidenlyteontain
| mpl ement s a8 iRfRfRrGice aNAChdiad.| BhdRY ol GRS bid HarRld RRhel ARV LY yarious
conponents of transmtted data. In a KE recelver, a nultipath c n]ﬁel i's
estimat ed pnealediaspriessivndgrsivindiranedaelt sitsets o€ agiesotermimglsence and t hen

pilot fal.tering Li.e.. accunul atjing). over an appropriate period of tine.
The Ie[%]t:;%]eof th((Sanepfl}?pJ?ac?’i B8R ngsm{‘?%fe@ﬁ?* Icﬁg‘%ﬁﬁg‘é‘h (ofsany espbinatians af
bet ween i NAIEATIO@nd MICE Kri g sONat INRNB YroRt SMRARE 3119 Kﬁ&ﬁexsﬁigm)a%ﬁ’is yhile
not accumul ating so long that the estimtion SNR is degraded Dy the tine

vari at i ons (BF aqcHEWAR Facenstruvted signatnelfl apy combinatibn of PIGETIE kit OIC) feara

output is t t . dul ation, ..[0Q14 As descri bed
above wi t h Sk SR St bih BeftBhf il BIRER < Ao IpURE Torgt stiprs it
cancel | ati dimé. n TheS€DMo apprestes hay be appli@n§d bl lof tthe ntedidds! BiHehRS 2fd
various transmtted chipxl streans to the (e.g. chipx2) FERAM sanples. This
i nvol ves d&%ﬁﬁeﬁﬁﬁgl%?@ﬁ??&nsm tted chip streams and an estimte of the
overal | Chﬁ%ﬁbvﬂﬁ@lﬁﬁﬁei ﬁ&imﬁﬁtﬂ??w i@é&%éﬂa’#g§ Calerlaion’ €CE1 ver sanpl es.
Since the Channel estli esent the nmultipath
channd®013flsel f, Theebdity talabcuritalyneetorsgrictiet elvah samhpleaihmg sigificantly fabfect he

presence of transmtter and ver.filtering. [0Q141] This sectjion
Rdp QP%W Eélséﬁ W FRRSPEY Y ippleme R?é?tﬁﬁ]FreBPPa?ﬁ%’éFnaé@PiWat i on

=

di scl oses sSeveral’

for interf esconseuctiapcall @Hd@ﬁlgbﬂaxﬁ)um\goﬁﬁﬁg VAT tranbREES H&E NN Fw be
appl i cabl e to, COMA2000, |XxEV-DO |xEV-DV, WCDVA. [00142] To perform Tl C of
a packet t FepevgbchBainady chapnelyis estimated byiRNe despreading with mespedtatiaghd pidot

informatio ' r. out put d reconstruct .the transmtted
chip str ea?ﬁ%ﬁkéee%ﬁ%%Pﬁﬁﬁﬂ%e- grﬁ’t‘%’r%%%@?%g?g)r%v-eﬁﬁﬁ BPRIPPTAYC PFrao Yfng t he
dat a channd@hgaéngth afitie piesfilteangiis gupickllyehbieitis@ doifpréfize by®bes ML O
TICvm'tht\%a i.l ot. cg el estimate, the transmt chip stream woul d be
convol ved etfﬁtlglaﬁela %y 309BmplaAg More gamples, while not accumulating so long that

the estimation SNR is degraded by the time variations of the channel. The channel

estimate from the pilot filter output is then used to perform data demodulation.

[00140] As described above with FIG. 4, one practical method of implementing
interference cancellation in a CDMA receiver is to reconstruct the contribution of
various transmitted chipx1 streams to the (e.g. chipx2) FERAM samples. This involves
determining the transmitted chip streams and an estimate of the overall chaﬁnel between
the transmitter chips and the receiver samples. Since the channel estimates from the
RAKE fingers represent the multipath channel itself, the overall channel estimate should
also account for the presence of transmitter and receiver filtering.

[00141] This section discloses several techniques for improving this overall channel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1XEV-DO, 1xEV-DV, WCDMA.

[00142) To perform TIC of a packet that decodes correctly, the receiver in FIG. 4 may
take the information bits from the decoder output and reconstruct the transmitted chip

stream by re-encoding, re-interleaving, re-modulating, re-applying the data channel



and receiver filters and the RAKE receiver's channel estimte from
despreading with the pilot PN sequence. [00143] Instead of using the pilot
channel esbi2®t@176an | nproved channel estimate (at eachpRS260s0gem4 del ay)
may be obtai ned by despreading with the reconstructed data chips

t hensel ves. This inproved channel estimate is not useful for data
denodul ati on of the packet since the pa&tket has al ready decoded correctly,
but is rather used solely for reconstructing the contribution of this

packet to the front-ena. samples. Wih this.technigu faor, each of th

ol ays of EE HEE Pritgiss Resgmatechy e o LST Btyicoiln FEpstnmige

" despread” edtiifaté, ABE irdBéi$ AR BRarthSwalild be Rb&VdNEdeWRH atBoddliofXhe) triMstrittdrhe
reconstructed data chip stream and accunul ate over an appropriate period of

time. Thi sand raceivendlters dndpthe RAKE megeiner’s chennsd epidmatsi frre deppseading with

channel is,tr itk hi gher power than the pilot channel (this

traffic-toft%iﬁ%?wzsﬁ&?e&%%’o Is a function of data rate). Using the data

chi ps [60e433st | malstdalieofolsinptie dilot chirGelrastimats udt improsedrohanal eytingdte (athannel

estimate for  the hitgher power ed users wh gre taﬁe nost in’{%ortant (ﬁ'o cancel
1 FRRES A

with high SeOURAKE fpgodeley) m@é{tbéaﬁ’t%lﬂede‘%; fe WEh tha PonsTHCled dalRel  at
each of th@mﬁggﬁgisbﬂggr Tﬁﬁ'iﬁﬁ,‘fovea% Pedtinlle A S& HERE B Gerk ORI

estimtion p edure that would explicitly estinmate a conbined-effect of
t he tr ansnof therpatkedt simce thapatkay Avhalodady dedoded nairectlycbutas ratlidr negd soldly for

estimate may be at. t sane..resol utjon as the ,oversanpl ed front; sanpl es
(e.g. chip oﬁ%ﬁﬂ%%‘g qﬁ%é%‘ﬁ'&ﬁﬁ%ﬁ Ogsthsn%cgetngyﬂﬁe 88%%§W%V'dé¥§£ggﬁi ng

the front- enénwadPlotTadi bh th @15 ACONGE RIEKBAiAdedd 61p.t cHipX8 refilitford) Othechi eve
the T2P gain in channel estimtion accuracy. e tinme span of the uniformy

spaced chamsgiodemay idespscadsthe secshisd csamples og-conintaipelpina t; hiraSd ot HE RAKE
finger del ?%gn%ﬂl%te%nda?a é%# I?tﬁ«%m?ﬁﬁd %F@Hf&te &ver aﬁjah@}ggﬁétgieﬁ&f &f t%g.?] EEEAKE

transmtter and recelver ers. ernore, Fon Trom

fingers mawilbdeads &dithproved ichenrichestitnationr sihee gratafficcétanndl is esniimittedsat
[00145] FIG .16 illustrates, a node] of transm ssion systemwth a_transmt
filter p(tjughgypeven thaymsaulot @h@waLﬁ@p @ag-tocw t f?malﬁaﬁ A fenesian of dgfer )

A
di scret e mataurgetchammehpssiment¢ $oy{thy higher powered iusgrs Bdwadre dlne osthimpertahicto
conpl ex patcgnc%{@}tilw eascc&ir%cey_vm th corresponding delays t /. The conbi ned
[00144]) Instead of estimating the multipath channel at each of the RAKE finger delays,
this section also describes a channel estimation procedure that would explicitly estimate
a combined effect of the transmitter filter, multipath channel, and receiver filter. This
estimate may be at the same resolution as the oversampled front-end samples (e.g.
chipx2 FERAM). The channel estimate may be achieved by despreading the front-end
samples with the reconstructed transmit data chips to achieve the T2P gain in channel
estimation accuracy. The time span of the uniformly spaced channel estimates may be
chosen based on information about the RAKE finger delays and an a priori estimate of a
combined response of the transmitter and receiver filters. Furthermore, information
from the RAKE fingers may be used to refine the uniformly spaced channel estimates.
[00145] FIG. 16 illustrates a model of transmission system with a transmit filter p(¢),
overall/composite channel A(f) (vs. multipath channel g(t) described below), and
receiver filter g(¢f). The digital baseband representation of ‘wireless communications

channel may be modeled by L discrete multipath components



effect of the transmtter and receiver filters may be defines as f{t),
where f(t) =p( Q{t) Equation 4 where denotes convol ution. The conbined (t)
is often whas@mw7iwibe sinmlar to a raised cosine responger/usesosdxaapl e, in
CDMA2000 and its derivatives, the response is simlar to an exanple f(t)

di splayed in FIG 17. The overall channel estimate is given by hit) = git)
(r) fit) =a,f(t - t,) Equation 5 /=1 [PD146] FIGs. 18A and 18B show an
exanpl e of channel estimation (real and imagi nary conponents) based on the
estimated nul ti path channel at each of three RAKE fingers. In this exanple,
t he actual channel is shown as aéﬁgLi 4ppe.-,gnd the at are gi gy 3t he
stars. The reconstruction (dotted I'in is based on using the / 'in Equation
3 above. The RAKE finger channel estimates in FIGs. 18A and 18B are based
on despr ead¥hsts the fwnpl%rﬁ dethcampludenseg @ WHECBTREPANding el toNFhg eombings) |

Pi ot cni pSTPogtnirhRg R e et e REY SREERhE O 1 oot “Tpace

on the fidelity of reconstructing % user. s contribution to the_received
signal. In order to inprove the Z&FotRERe® of COVA systenms t hEEUHOBIenent
interference ca |lation, il is.possible . tog. use user's reconstrycted
dat a chips “ﬁ}‘}rfﬂg ‘g?’ﬁfeﬁecogxmf‘{’rﬂ‘?'o °8H‘g’mfé| &Qs]tsi il fo F’lfm’ Pdve the
accuracy Ofraikdieedsite @EpBRAN For SHRhPRCHn! MM A2080 1a8E N8 akeatives, thdMbpcius e
may be described as "despreading with respect to a user's transmtted data
chi ps" as ocppidsdd ahexumplec(gsdisplayed idddGr ¢AdTegoweiralhchangplegstimate & giwar ' s
transm tte% pilot chips."” [00148] Recall that the RAKE finger channel
estimates i’ FIGs. 18A-18B are based on despreading with the pilot chips
(where the overall ~pilot SNR is £24dB). FIGs. 19A- 19B show exanpl es of an
i nproved channel eéf) ra(® Daged Em,qRAKE,)fi ngers and despr eadi ngquatiph 5t he
data chips, where the data chips=tare transmtted with 10dB nore power than
t he pi chi ps. i . espr.eagdi at
rae 100380 o) TGS e (3 3% b iR OR s HERR RS
recei ver 3témpbhdits)bpsadleqptheadtmbted miulgpaih channel at each of three RAKE fingers.

In this example, the actual channel is shown as a solid line, and the a; are given by the

stars. The reconstruction (dotted iine) 1s based on using the a; in Equation 3 above. The
RAKE finger channel estimates in FIGs. 18A and 18B are based on despreading with
pilot chips (where the overall pilot SNR is -24dB).
Despreading at RAKE Finger Delays with Regenerated Data Chips Instead of Pilot
Chips .

[00147] | The quality of channel estimation has a direct impact on the fidelity of

reconstructing a user’s contribution to the received signal. In order to improve the
performance of CDMA systems that implement interference cancellation, it is possible
to use a user’s reconstructed data chips to determine an improved channel estimate.
This will improve the accuracy of the interference subtraction. One technique for
CDMA systems may be described as “despreading with respect to a user’s transmitted
data chips” as opposed to the classical “despreading with respect to a user’s transmitted
pilot chips.”

[00148] Recall that the RAKE finger channel estimates in. FIGs. 18A-18B are based on
despreading with the pilot chips (where the overall pilot SNR is -24dB). FIGs. 19A-
IQB show examples of an improved channel estimate based on RAKE fingers and
despreading with the data lchips, where the data chips are transmitted with 10dB more
power than the pilot chips. |



sanples with pilot PN chips to get RAKE finger values. In block 2002,
denodul ator 304 perforns data denodul ation. In bl ock 2004, decoder 308
per f or ns wetaseewdi ng and checks CRC. I n bl ock 2006, i PCCRS2@ma®$e34 unit
400 determines transmtted data chips by re-encoding, re-interleaving,
re-nmodul ati ng and re-spreading. In block 2008, unit 400 despreads front-end
sanples with transmtted data chips to g inproved channel estinate at
each finger delay. In block 2010, unit 400 reconstructs user's traffic and

r he ntri by t-end | e th inpr d channel estimate.
P0o1Bo P PR Dot iaPToA MR € R R R Sestiening -r%gﬁ%%gngnmammo
perform t herelgandmdd dhtafehi@s. 20%lockE)O0EAHRE rédd2Rr 3930 FIG‘hzg cfgg _h§

re an

i mpl enent ed_i n_hardware, software or a combi nation of

sof tware. EVRIER VHE PIREPN Shirsstor get Mﬁﬁé’lngart VHERRAMDRYeck 2002 ralemotliillator
Regener at ed3{3a e}fogilllsmta[ asgsi 2(6!8%1 rs estl t he
conpl ex val ue %f the nul ti pat atlgﬁazﬁg at” eat é’c‘8§ %02 | ﬁt@ ingys.

The recei vendf¢hsels €RE. plnitdock 2006h & CR&passs emmauomﬂéteﬂnﬂﬁésuﬁlﬁls%dt HASS
ter

recelver fi chis rrat hed to the transmtter
(i.e., p(t )%}ﬁl%“lll’*?(ef ‘I”IB:PQ%% %#mf%i?aY‘@&’e‘iev‘E? ‘tl%flqgn‘iﬂderﬁéﬂteaélnfgl Ikldrlocicazmed to

th h | urdt 4O tdesprbal tch to th
rru?t Fpg? Rec han nglm o?ﬁry (s% éng?%%ﬁésThgﬁgg%gﬁﬁﬁTﬁ%%eé% ?geh é’gp?vgq e

typical |y dhauRs estimate ah@@béimaerrﬂelay rtg black il D uritotfdsrevdristiidts GhapisEaTFc
separation ] east one chip_apart).
I—b\alever t h%le%#&@?%%%léﬁogé? ﬁrog é’fnpﬁetss"é‘h’f IIIFFH?V‘?Slf‘ihéﬁ“%ﬁ%‘Hn@ﬂer gy at a
cont i 0W#sObT deIFeKﬁs 20BHtnsfasean sparaies eprisl ﬁ@&:ﬁ%zb%&@%%%}fhﬁn %gea““e'

(i.e., h(t) t esql utjon of the front-end sanple
FERAM) . d’)'l% \‘A? ?ﬂé rslﬁ fismlhe Jeraes 2080r2p30 lmrFIGhQOEDmsy tbevlairﬁanéntcnkm t he
conbi ned flﬁagmare%l\ggﬁvwg ald H{HEIA ce ver antennas is typically
controlled to lie in a parrtloc att‘bﬁg’%g%d 8%f SNR may result .in a
conposi t e distimatingeteiGainposikerChyamhel aoE‘EMd@&Bhﬂﬁﬂ With Regehérated DHa NS 2
rel ativel y lﬁF?e estimation variance. That 'S y RAR
attenpts t y place fingers at the "peaks" of the energy delay pI’OfI | e.
But wiedisijhe T2Rlasican CAOGA OlecdoSRRAAE truct ed data chj

i St ol ESEBR RGBT it Olpai

t he corrposu;le channel estinmation may ‘res in a er s
than the dichawel gsachaf ﬁlediA&@tfingﬁodblaydehw teeimemoretlendiprior ¢d Jhe. ILQQESS] A

channel estiRRL} %ypfn%ﬁl%g uf ?ovg %%gg Ire%eegerh ?Ilter ?1 éa Xgét)l)cvlvi[nlc 1§SIL;tglla§detso ;[:hf;e

transmitter filter (i.e., p(¢)). Therefore, for the receiver to implement a filter matched to

the channel output, the RAKE receiver itself attempts to match to the multipath channel

only (i.e., g(#)). The delays of the RAKE fingers are typically driven from independent

time-tracking loops within minimum separation requirements (e.g., fingers are at least

one chip apart). However, the physical multipath channel itself may often have energy

at a continuum of delays. Therefore, one method estimates the composite channel (i.e.,
- h(¢)) at the resolution of the front-end samples (e.g., chipx2 FERAM).

[00152] With transmit power control on the CDMA reverse link, the combined finger
SNR from all multipaths and receiver antennas is typically controlled to lie in a
particular range. This range of SNR may result in a composite channel estimate derived
from the despread pilot chips that has a relatively large estimation variance. That is
why the RAKE receiver attempts to only place fingers at the “peaks” of the energy
delay profile. But with the T2P advantage of despreading with reconstructed data chips,
the composite channel estimation may result in a better estimate of h(?) than the direct

estimate of g(¢) combined with a model of ¢ () .



conmbi ned effect of the transmtter filter, nultipath channel, and receiver
filter. This estinate may be at the sane resolution as the oversanpl ed
front - endweanm@siste. g., chi px2 FERAM) . The channel est ipocatus2008p44ye4

achi eved by despreading the front-end sanples with the reconstructed
transmt data chips to achieve the T2P gain in channel estimtion accuracy.
The tinme span of the uniformy spaced chgnnel estinmates nay be chosen based
on information about the RAKE finger delays and an a priori estimate of the

conbi n spons f the transmtter and . receiyer filters, Furthernore,
i nfor n@? }5r3ﬁ fr orﬁE t ?iléanﬂi ESTTAAL Profegutse dElsé:E‘ge‘%lc}‘eF%Pi fplickly gsfimates the

spaced chansaibiest effés ®F thdVahfsrhinat filtle nlBGHh USR], Hatiefald Wied-Ner

conposite channel itself is also useful because it does not require }fif’le
desi gn to USEMEF maprheopti the sameeresolutiorf ag the ovrg@iBe] fiohGend Baple? {Bg.show

an exanpl e qf i KN 0 sit.e _channel . usi uni formy spaced
sanpl es at égl?ﬁ)%sjzﬁ Iggjs\/igl gﬁh}e%ﬁ?&qenw%@? A AC afhieﬁ?é Bﬁgeﬁ’é‘?aéh%e"ﬁsé)@ﬁﬁuﬂs
-4dB, cor r enpphiwith the @cqtistrotteSNRGhit IRAIRIRNG ahite@tHf THAOIRn iThGanta f or m
channel esti pat e%égi ves a hetter quality conpared with desFr eading wth the

data chi ps SHIPUAT a¢qyEackadibertipespanfdhe wrisormhy sprceth cisimel estimatdsfaayt be of
“fatpath" |dngidn B kA I ct .t he channel usipg
RAKE finger | ocat%iggdngmdl' %ﬂéﬁfﬁ?f%(é%gnp TR gg%?%%hanflsanpaaﬁn?qrbEﬁ(%’é?art?"ﬂsef ul
when the egh¢ pembiped 8iNponiss offitlghtramsoitter 2pd meliegr fitteish Fuetbsenceé, idRSRAREA NO

with data chi fQr, igh T2P. Wen the T2P is_high for_a particul ar user,

t he channeﬁ?@i%%%@?%ﬁs maydeiused tasraing dag ‘é‘Hfo."m?BO%S‘} clangel gspimates.

||| ustrat esvae et iedofioiqRsiricmhiits HOUBABILE SHANNSLIRls M [BRITBEGREL ULI On
an m ["ar

using regenerated data chips. Bl ocks 2000-2006 are si o FIG
20A descr i Bedpespotaequirgthgidesikn K@@, anRAitierT estimiatesst B1Yk (FI G 4) or anot her

conpo et er gypes, 4| e n for uniformconstruction based on RAKE
fi ggeg&gtg? ays. Irprlla%'l %%%gﬁo"&@Hﬁ}@@i%?fﬂgﬁ@%ﬁngé}qg@ﬁ@pogmﬁtusmg ,
det er mi nes uaffoimilyrspaced saprReeal clBgk? P&bﬁlti@lﬂ. ﬂ?ﬁ?‘;‘s’?ﬂi}\f@lﬂ R0Gate ?@p? @l es

with transnitted data chips at uniformdelays for an appgropria I'me- span.
[00156] FI & -438 qorespondingeto apilah SAHRa0(24dBnnd 8i TP of20dB.200H: RGRAm 2220,

2222 to per 22A.  The,nmeans 2020-2030 in FI G  22B may
be i npl errer?%eg |%§]%a#§§§gg?%%gﬁt%%ﬁrh §ymBared, v n‘geﬁ’r(? 18% “ﬂg‘r'ltl}ﬁé]r"@‘%l‘l‘ﬁf

sof t war e. [ 00152 therRAKE fisgerrlopdtions. ADGUS, SHR! khd Sfbdie oi-apAES 1iﬁ}4{ tepat h
channel itself, while h(t) includes the w reless nultipath channel as well
as the traﬁglllr'itx foeAceurately peenspaiet the charmehusing RAKE finger locations. The uniform

sampling approach is particularly useful when the estimation SNR is high,

corresponding to the case of despreading with data chips for a high T2P. When the T2P
is high for a particular user, the channel reconstruction fidelity is important.

[00155] FIG.. 22A illustrates a method for estimating composite channel at uniform
resolution using regenerated data chips. Blocks 2000-2006 and 2010 are similar to FIG.
20A described above. In block 2200, RAKE receiver 314 (FIG. 4) or another
component determines time-span for uniform construction based on RAKE finger
delays. In block 2202, demodulator 304 or another component determines an improved
channel estimate by despreading front-end samples with transmitted data chips at
uniform delays for an appropriate time-span.

[00156] FIG. 22B illustrates an apparatus comprising means 2020-2030, 2220, 2222 to
perform the method of FIG. 22A. The means 2020-2030 in FIG. 22B may be

implemented in hardware, software or a combination of hardware and software.



h(t) = g(t) convolved with phi(t). [00158] In the description above,

"sanpl es" nmay be at any arbitrary rate (e.g., twice per chip), but "data
chi ps" arwoaene/@ereichi p. [00159] "Regenerated data chi petTaseodksorsred by
re-encodi ng, re-interleaving, renodul ating, and re-spreading, as shown in
bl ock 2006 of FIG 20A and descri bed above. In principle, "regenerating” is
m m cking the process that the informat3®n bits went through at the nobile
transmtter (access termnal). [00160] "Reconstructed sanpl es" represent

th | t i n FERAM 312 or .i. te nepory f ERAM 312 |
the 5T, °(iphe' dapmicaborn ¥ v SRR MR erd ST SR Y o e
by convol Vijfguded thd WRERSEMliPHh dHamikl b Well s Ui Rarsiifer aMdlrBecives TRRIARE:

estimate. 5:00161 The words "reconstructed” and "regenerated" nmay be used
i nt er changafbFe() corvhyashwvith phiff).ovi ded to either refornming the transnitted

dat a ' or refarmng.the n lyed r '
ref or ﬁ@c}ggjm nce(?n %hﬁr%g&pélrozl arbgggr ﬁ%ﬂplgilr@é}zﬁ% 8@%&82{% ,ra?%egg‘. é@x‘* E%rrpl es"
ar e ref or ngHiphame tidaachips e bhepdrehiy. med chi ps and i ncorporating the

effects of the wireless channel. (,ghann{eo:me‘?ti mate) and the transmtter and
recei VEHS9li | t er i"RgeonBEt ¢ \%Fadé’hlplsec%ﬁs & _"P%ﬁa‘mf%b%eF"*_a’c“é@ﬂeé‘é@%’ntr?'al ly
mean to re%duﬂdﬁﬁg, L Q€ re%ng%,eas' Shd¥th Pk CRI06bS FIACEH L MNnd Whcribed
enbodi nent uses egener at e r data chips and "reconstruct”™ for sanples
excl usi vel ybovkEhelm, principle eTregemerating’h svminickiag dahe prosessethatrtbe anfoonatiomi bitsand a
sanpl e reconstruction _unit.. Adaptation O Transmt Subchannel Gains On The
Reverse Li Pf‘kené‘hl tgﬁf’slf‘él?ﬂf Wwﬁiﬂﬁ?@f’?sér‘%%@ ncel | ation [00162] |
Mul ti jetael) | Nt erReEAREEctES s@npled fdtpftgeﬁt&ﬁé @5mpRs AtcrédV FERAMI333iRMn Sy St em
and any receiver technique that mtigates this interference may all ow

si gni f i cantsepange onement foin FERAM cHiZelpa Bileerectiveiu (hputwicthpes ohénd i dihese
descri bes technigue ' t ), t ' f

Syat em v t PR eh sufpg P SR g BE b i ? (EORRRF yHReRed
transmts phipetwithavehaheedstamatet raffic signals. Pilots provide

synchroni zation_and estimation of the transm ssion channe]. erhead, .
subchdPHélls (sugﬁeégorﬂﬂl recppgtructsdc an naeg&twte&r EayeRe BEeds @Fer%eg%ﬁv ifaffic
decodi ng Sehyqidpr ispgljogfded qxeéiﬁ‘x@@‘i]efﬁ%ling g0 f&aﬁ?xﬁﬂ{éﬁk@é@&%ix?s N@Vi&forming the
differentrequirenents on the signal t0 Interference plus noise ratio

(SINR) . | nreceiekamples.e Bamples or chips may be reformed, since “chips” are reformed by re-

encoding, etc., whereas “samples” are reformed based on using the reformed chips and
incorporating the effects of the wireless channel (channel estimate) and the transmitter
and receiver filtering. Both words “reconstruct” and “regenerate” essentially mean to
rebuild or reform. There is no technical distinction. One embodiment uses “regenerate”
for data chips and “reconstruct” for samples exclusively. Then, a receiver may have a
data chip regeneration unit and a sample reconstruction unit.

Adaptation Of Transmit Subchannel Gains On The Reverse Link Of CDMA -

Systems With Interference Cancellation

[00162] Multi-user interference is a limiting factor in a CDMA transmission system and
any receiver technique that mitigates this interference may allow significant
improvements in the achievable throughput. This section describes techniques for
adapting the transmit subchannels gains of a.system with IC.

[00163] In the reverse link transmission, each user transmits pilot, overhead and traffic
signals. Pilots provide.synchroniiation and estimation of the transmission channel.
Overhead subchannels (such as RRI, DRC, DSC, and ACK) are needed for MAC and

traffic decoding set-up. Pilot, overhead and traffic subchannels have different



singl e power control may adapt the transmt power of pilots, while the
power of overhead and traffic subchannels has a fixed gain relative to the
pi l ots. Whenoddne1BTS i s equi pped with PIC, O C and TI C, pClrasyesio®srs4
subchannel s see different |levels of interference depending on the order of
| Cs and the cancellation capabilities. In this case, a static relation

bet ween subchannel gains may hurt the system performance. [00164] This
section describes new gain control strategies for the different |ogical

bchannel s on a temt.hat inmplenents. |C. .The.t ' ; b d
S <yt e RS SEn B i ahey Aherra e p b aoisp R b TN Ao SN BB
EUL, and cqdpp0ffwerd Q&ﬂtﬁﬁ]ml%%dgﬁ%lei@Qﬁmﬁteﬁmexqug@ﬂbﬁplv@ﬁ@nﬂaemwr &nd

gain control "on different subchannels by adaptively changing t he gain of

each subchanerbeadsarsloraffin gubahanieds haseas fixedigae relafivedadee priots.e Wiendghe Bdek et

error rate,. SINR or interf nce LM ks t OV: I abl e
power and ésale%m%e tvrv%ﬂ[I| Pﬁ},@ﬁg i %‘}% ? ttﬁlglv;gg\%gsa%qchémggspg%i %lllh‘rgilgen?fl'néé’%is &b
potentials imérfé@mwiépen&hg\dxﬂihagmﬁb@fsmeam fhercadcdlladion Rapabiilities 0 Ninathis

ti mevaryi ng di spersive subchanne|. [00166] Int erfﬁr ence cancellation refers
to renmovi n§aw. &siatie rehtiondietween syhehannel gaiss mayfeircthe system PertImanesd sanpl es

after hiige SUbGRANGE S AKEHOR RIS REnrd Bl A8E: 8t BRAUARKA dogical
i nterfierence on other signals that I'T be decode ater. In PIC, The
t ransni t t edulpdhandels bgraabystesn kingvimpiimenke IGT T hentdchirtiques ereibasad g ICRIMAs
reconstructed using t nel. esti e. In TI t ' rference
i s renpved Skﬁ%;erfl%ﬁ‘&%s"@:ﬁ%m Wﬁ@@éﬁ&%%@@ﬁﬂéﬁgh\gb% ngﬁcmgoge@t?ded
version at shheaBIfool 00167] Current BTS (with no IC) control the power of
the pil ot subchannel quein order to neet the error rate requirements in
t he tedl6flc charliel desthed) desbiniqus tipleneat froaves uansh anaine Fontepl r e atilerento
pilots by a fixed.factor T2P | ends e and ..t arget
term nati or?“‘é,%lé‘il%‘?ls %P{eadéag‘ﬁ?lgt(wga{rllg g? d[ﬁﬁgag‘l Pg{% a%}gﬁgl?%&ggarc%%@%dmbfﬁecl osed
| oop power rEaBire® lpeffeghmie $iintdrig|of Paciget @frot FNETSIATR on it ferér@e (powEheTlienner
| oop ains at keeping the SINR of the pilots (Ecp/Nt). at a éhre%ﬁgl | evel
T, while tHEmoistierpioskls ddakable petien and naaiy contrple mephanisy that) allasys fully of
exanple, b . : : r.f ed at
tho T ecei verPpLHE BERBELIAE BEIC HANE phififihe roRBHEE) ol MafhnliistonREd HhEP
varying dispersive subchannel.

[00166) Interference cancellation refers to removing a contribution of logical
subchannels to the front-end samples after those subchannels have been decoded, in
order to reduce the interference on other signals that will be decoded later. In PIC, the
transmitted pilot signal is known at the BTS and the received pilot is reconstructed
using the channel estimate. In TIC or OIC, the interference is removed by
recbnstructing the received subchannel through its decoded version at the BTS.

[00167] Current BTS (with no IC) control the power of the pilot subchannel Ecp in order
to meet the error rate requirements in the traffic channel. The power of the traffic
subchannel is related to pilots by a fixed factor 72P, which depends on the payload type
and target termination goals. The adaptation of the pilot power is performed by closed
loop power control mechanism including an inner and outer loop. The inner loop aims
at keeping the SINR of the pilots (Ecp/Nt) at a threshold level T, while the outer-loop
power control changes the threshold level 7, for example, based on packet error rate
(PER). |

[00168] When IC is performed at the receiver (FIG. 4), the adaptation of the subchannel

gains may be beneficial to the system. In fact, since each subchannel sees a different



gains may be beneficial to the system In fact, since each subchannel sees
a differentlevel of interference, their gain with respect to pilots should
be adapt estoae@mrtiengly i n order to provide the desired perfuseemnesass This
section may solve the problemof gain control for overhead and pil ot
subchannel s, and techni ques are described for the adaptation of T2P which

i ncrease the throughput of the systemb$2fully exploiting the IC |nportant
Paraneters in a Systen1mﬁth | C [00169] Two paraneters that may be adjusted
are overhe d ha nel ns and.traffi.c t (T2P; ICis
2ctiver t hacist oF atPErsoe e fish nErkkoisdiof Pl ek tep R At onhiEly

non- Tl C) |oﬁ‘déirt6|@fovﬁdb ﬁth@Wréﬂ ﬁ@fo@mﬁﬁ&xnhhesécnnadenayfs‘olxtbem@%blérhe)frglairpt and
over head performance. By denoting with G the baseline G used in the current

system t h&oweal {04 @eerbﬁadt%i ouet sebeharnelnrand tshpjaygs prepdescribed domihe
00170] | gfh?ﬂe “@9-@
I[ nterf ]el’ ezcggqtlét\g/aé]ls t E%ﬁ({?ll’ a %é?%h@ﬁanne%@uéﬁgag t al %ﬁﬁ%{ )ﬁ)‘%@% my

gi ve sati sfl@ctory perfornance for both overhead and traffic channels
performance as wel | as lI|Ot c annel, mati ons. When I C is used, the

i nt er f er endBRoEtARL P Pk re—ever head/ pil ots and trafflc and
T2P gyo1gg) r edugsg, bd?arﬁét@l%rthﬁﬂnéyl B@‘éﬁﬁ]ﬁ&@@ Eu%rﬁve{%%%ll QhBtRRntel %Bm% Rd tad ypes
of subchannels. For a given payload, the nethod may | et the T2P decrease by
a factor J2@ piot {T2Rspgaint WhenhEIG abattavee dhy avedea rsubnhdmeltgm@amasﬂ;p t he

requi renent.s n T2P the baseline T r art| cul ar
o o ingreast, e Badti Tty flotdst i) Ay b Bford Soriis fadsier BoBRER LR AT
[00171] Th %1lbﬁﬁﬁ@¢ﬂea&\'ﬁzﬁoﬁﬂdhcb%ﬂ déevting&dth Otthe Basehhe Gf uskdl M e frent

di screte val uesmg - 1 dBto -1.0 dB) .and sent to the access termnal
106. [001723ysts8 eaaaw&lw.%@qwafh%ﬁyh%@ekwwuhh@r control are traffic
PER, pilot SINR, and rise over thermal._ pil ot SINR should not drop

under the m ni num | evel desired for gooa chérinel estimation. Rise over

ther mg}g;66{0T) gﬂﬁgé (%MA esltle Svéﬁfa:ﬂ/r#}f.b? s@JcﬁQﬁde!st% %i‘édsaHéEinieHa}%nPé'fég@F of

the p wer contr reverse I'n non-TIC recel vers,
defined on as e trafGieichamhels gudad cerfam Ginel2RVG nRGT, gshsaﬂs&cﬁdmpenﬁmimme afor

predet e i 2 L2005 0" QA IRY $9ndh SORARCS! ISR SI Babd I 0N e
When IC is used, the interference level is different for the overhead/pilots and traffic,
and T2P méy be reduced in order to allow coherent pérformance of the two types of
subchannels. For a given payload, the method may let the T2P decrease by a factor
Ap,p with respect to the tabulated value, in order to satisfy the requirements. By

. denoting with T2P the baseline T2P used for a particular payload in the current system,
the new value of T2P will be: ' |
T2P'=T2P-Apyp
[00171] The parameter Ar,,can be quantized into a set of finite or discrete values (e.g., -
0.1 dB to -1.0 dB) and sent to the access terminal 106.
[00172] Some quantities that may be kept under control are traffic PER, pilot SINR, and
- rise over thermal. The pilot SINR should not drop under the minimum level desired for
good channel estimation. Rise over thermal (ROT) is important to ensure the stability
and the link-budget of the power controlled CDMA reverse link. In non-TIC receivers,
ROT is defined on the received signal. In general, ROT should stay within a

predetermined range to allow for a good capacity/coverage tradeoff.



[00173] lo indicates the power of the signal at the input of the receiver.
The cancellation of interference fromthe received signal yields a

reducti orwofo@mmerelr |1 0' indicates the average power of tohe/st@saleérat i nput
of the denodul ator 304 after IC. V / o . The value of 10" nay be neasured
fromthe front-end sanples after it has been updated with the I1C. Wen IC

is performed, the ROT is still inportanizfor the overhead subchannel, and
ROT shoul d be controlled with respect to a threshold, i.e. to ensure that
ROT <ROTt h No |ls t he noi se power. [00174] However, traffic and

some overh B0l it also fromthe I C. The decodi ng

per f ofgyane of ggpc t@g%l};m;bg 9?; r ver thernal

neasugedmgfter I% Effective t}}eZSI%rﬁrag%rgltglnthbto?%eﬂﬁé ée} gfle ﬁ%cenggr

af ter |1 C anfiintéréeremsiesfeorp dhvereceivhé sehhleyitids @ diction\ofipewean vy’ dhdiestedthea

t hreshol d, <ROTI f.K The copstraj nt on the ROTef may be

equi val ent F‘{/er%%daRo%ergbhﬁ sl%ﬁg?trlﬁ?‘ﬁto(? emOd‘adf e”g“f‘h%r I&‘ssurrptl on that the

noi se | evel does not change -1 0- 1y G)<"Hv1\here | hr) is the signal power

threshold rr spopdi, n i.xed er head Gain Techni ques [00175] When

the ROTi nc égé’ Fﬁf ?zntﬂas‘{r Irpm the rgpgens\ermieadliehi hasbeenupdated do not

benef i t frWﬁh't@l@%@ﬂ?@%pér%%&‘ghéﬁoq199&1‘?%%&%&ﬁ)‘frtl‘?éaé\?e fdlgt he erasure

rate. In order to conpensate for this effect e over head annel gains

may be rai séghamiel, jsad shopilddescontrblied with bsspectaps tiresold, dettbenpae thacul ar

system condi tion. [00176] Techni ques are described where the gain of the

overhead subchannel is fixed wtlgoes QR@Tt he pilots. The proposed

t echni ques adapt both the | evel of pilMN} subc‘ﬁannel and the AT2P for each

user. C osed Ioop control of T2P with fixed = 0 dB [00177] FIG 23

i |1 ust r at eWheredYods e noisspopisier cont rol (PC) for Ecp and Dn p and fixed D =

gog}?r I‘()Eggfk 230ﬁ1)we{[é}! faffic’ s%&lelgv'eﬂx%a& gﬁbchggne?sdﬁ&%ﬁE 2190 £ from El)lep[(',a %‘1 Ecp
decoding performance of these subchannels is related to the rise over thermal, measured

after IC. Effective ROT is the ratio between the signal power after IC and the noise
power. The effective ROT may be controlled by a threshold, i.e.,

ROT,, = Lo’ < ROTD)
N

thr
0

The constraint on the ROT,.ymay be equivalently stated as a constraint on ", under the

assumption that the noise level does not change:

[} (thr)
1)< I8,

where 1" is the signal power threshold corresponding to ROT ,

thr

Fixed Overhead Gain Techniques
[00175] When the ROT increases, the SINR of the pilot and overhead channels (which do

not benefit from IC) decreases, leading to a potential increase in the erasure rate. In
order to compensate for this effect, the overhead channel gains may be raised, either by
a fixed value or by adaptation to the particular system condition.

[00176] Techniques are described where the gain of the overhead subchannel is fixed
with respect to the pilots. The proposed techniques adapt both the level of pilot

subchannel and the A,,, for each user.



[00178] A. Inner and outer |oops 2300, 2302 may perform power control in a
conventional manner for the adaptation of E cp . Quter | oop 2300 receives

t arget PBRoaones/d7uwhifi c PER. | nner | oop 2304 receives a thrasb@isd4cis2302 and
a neasured pilot SINR and outputs Ecp . [00179] B. A closed | oop gain
control (GC) 2306 adapts D p based on the nmeasure of the renoved

i nterference. The gain control 2306 recd#4ves neasured ROI and neasured
ROTeff and out puts Dt 2p- The receiver neasures the interference renoved by
the I C sch adapt - 100180 can be sent in a nessage to
al | access tetd 08¢ ’Wkéér.@—cally [00181] For the

adapt gbeigm of DEIGI £3 ﬁlmgu*atetsarél@sreen@@ ﬁd\mrcohﬁon éPG)&HﬂE% aro9 bl fiRed the
T2P can be consequently reduced of the quantity ROT 2P I 0 ROT
[00182] Théd&EcpOviiB 1(blogk 12398k (Tinp dirgh se HBOYP@‘I &hsp aBapttionaef Ammand: By t h

ry cp [Oo%%nlé‘se rati o between the total transmt power for the system

w th and i Cwll be: E (I +G+T2P) C = Ecp ' (| +G+T2F) where Gis
the ovesi8ad chanelnmgaiand &oter llaspge 2%G0, UESD20may2ferfornt pomes peatrol n @, the

ratio C can be ap r.oxi mat d as:, [00Q184] For the estinmation of the effectlve
ROt e o ePBEaTE DA R R JEAdebiBhan gt Frme ORI oA 2390 T e PRI GER fnd

channel congirké PBR. ThA&t 1884 ,2_363 #88eivRl b Qfredhold V230" dridl 4 AREsiPed pilot SINR

and outputs E,.

[00179] B. A closed loop gain control (GC) 2306 adapts Ar,p based on the measure of

the removed interference. The gain control 2306 receives measured ROT and measured
ROTeff and outputs Arzp. The receiver measures the interference removed by the IC

scheme and adapts App.

[00180] C. App can be sent in a message to all access terminals 106 in a sector
| periodically. '
[00181] For the adaptation of App, if the interference after IC is reduced from I, to I,

the T2P can be consequently reduced of the quantity:

1, ROT,

Apyp=-tn—I
P 1, ROT

[00182] The E, will increase (through the PC loop 2304) as:
" I,
E I(lhr)
[00183) The ratio between the total transmit power for the system with and without IC
will be: '
| E,(+G+T2P)

E,'(1+G+T2P')’

where G is the overhead channel gain. For large values of T2P (with respect to G), the

ratio C can be approximated as:

[00184] For the estimation of the effective ROT, the effective ROT changes rapidly due

to both PC and changes in channel conditions. Instead, A,,, reflects slow variations of

the ROT,; Hence, for the choice of A,,, the effective ROT is measured by means of a



the ROT ff. Hence, for the choice of DI2P the effective ROT is neasured by
means of al ong averagi ng wi ndow of the signal after I C. The averagi ng

wi ndow mayohassm7arsiengt h at | east twice as | ong as a powenr/useasned74apdat e
period. Cl osed Loop Control O T2P Wth Fixed p> 0 dB [00185] FIG 24 is
the sane as FIG 23 except the gain control 2306 receives a threshold
effective ROI, and DG > 0 dB (bl ock 2408j. This alternative nethod for the
adaptation of Dt2P is based on the request of having the same cell coverage

for both IC and no-1C s The utlon is the sane i,n both
cases. The ‘%% BY{28Pe I“@:Xﬁ? %P%Ist?ngﬁggerf%t I ﬁf WS TE Moy mayiiaved gna)
power bef ongnghifat 164t twicé hs long beapewyd dohtroPsiaedpetiodt he signal power of the

systemwith no 1C i) due to closed -1 oop povver control by PER control, 10
will tend tlosee p (o c <L Bthe systemwith no IC AT1P

da f 3 :
: isl 35 ‘r%alt% g"s aISSC or ' IS tﬁ\%ﬁg%eglase e&%pt %H(E t%(i) %gﬁie{g%i %ﬁ}r?s}(l 81
over head s ltlﬂebtamrled)TgaldnA& bloodk (lﬂ66162400|) OCMB?a]tefﬂaav@hmﬂmd fbothp a@tmtlonAn p

requires a feedback signal fromthe BTS to the AT, where al| ATs rec
the same brofAderais Lased| Qethrequsst aftgiing thesamagel (I"«?F%ﬁtff“i/'éod%é?d‘?pd’ﬁ

based on a3, QpR0- TROR, @Eﬂ%ud%n%&{a saRd ifbsthQa&s. hﬁeeﬁ‘é’& of#i@@s m%ﬁf&a Jnodr the
pilots. The’closed [08p conprises an inner |oop 2 whi ¢ :

adj usts t hduligpadet sxysbhmtg) the signdl ipesien beforeal Gy do,mllzﬁ@zasemeh wp@n to d@p
control 2500 is direc t he. e.r over head h el s,
oot ne” daral pay e SR oo Sl ko St TosRsan dopio by B
erasure r ate@ntrdi0z,” il %HQ@%@QHHMQ@W V\%ﬁﬁp% SRS tYstenh R4tR n%XI@eQKjS &
threshol d, but 1s gradually decreased he DRC erasure rate is bel ow

t he thresthidpteciﬁH)ﬂa&le}vsThe A 2P is adapted through the ACK forward
subchannel . I n particular, by nmeasuri ngr) the statistics of the ACK and NACK,
the AT can evaluate the traffic PER (ki 0ckROZEE) at the BTS. A gain control
2510 conpares target traffic PER&Ad rye-asurm}TPER Whenever the PER i s

hi gher than a threshold, the Anp is i néreased,”until T2P ' reached the

basel i ne v OR-Haikd @bntr&iofMO) C system On the other hand, for a | ower PER
the Anp is decreased I n order to fully expl oit the | C process. Variabl e

over hdBi8ghi n t ddtin2yilbstrptepREdpr chfaﬁfltﬁh@r asest pinthead ¢ KrFubshanpel Wit fixedi ver
can be obt 3j ngd, PYRAARE Bin 16c10540%).

[00187) The closed loop GC of Arp requires a feedback signal from the BTS to the AT,

where all ATs receive the same broadcast value of Arzp from a BTS. An alternative
solution is based on an open-loop GC of Arzp 2510 and a closed loop PC 2500, 2504 for
the pilots. The closed loop pilot PC comprises an inner loop 2504, which adjusts the £,
according to a threshold value T, 2502.  The outer lobp control 2500 is directed by the
erasure rate of the overhead subchannels, e.g., the data rate control (DRC) subchannel
error probability or DRC erasure rate. 7, is increased whenever the DRC erasure rate
exceeds a threshold, but is gradually decreased when the DRC erasure rate is below the
threshold. _

[00188) The App is adapted through the ACK forward subchannel. In particular, by
measuring the statistics of the ACK and NACK, the AT can eifaluate the traffic PER
(block 2508) at the BTS. A gain control 2510 compares target traffic PER and measured
PER. Whenever the PER is higher than a threshold, the Arp is increased, until T72P’
reached the baseline value 72P of the no-IC system. On the other hand, for a lower

PER, the Apyp is decreaéed in order to fully exploit the IC process.



AT2P but al so the overhead subchannel gains (G overhead) to the |IC process.
In this case, an extra feedback signal is needed. The val ues of AG can be
guant i zedwbrom@1wWB to 0.5 dB. Interference power-basedporarsb@adigai n
control [00190] FIG 26 is simlar to FIG 24 except with overhead GC 2600.
A method for GC of the overhead subchannel 2600 is based on the neasured
signal power after the IC. In this casez3gthe Ecp is assuned in order to
provi de the sane cell converge of a systemwith no IC. The signal before IC

has an incrﬁaseﬁ po&r (Iio and t he overhead gain conpensates for the

i ncreased i techoiguesnt at i on adapts the overhead gain by

set {1 no189) ROT G Ifufthor dphliBition diQRd ShhscblvciTBh BE o6BRNEA B! Slodi: oD
%adg subc nnel

under 0 dB since this would correspond to decrease the over
power whi chAize buhpiskdhs overhead $ibchdnmke] g@ﬁm@zqveﬂhmd)gm theal@ prowd( LiE ehis r ol

F o oa o O s BT otk PREW s o Rt 1 058 1 or

Anp, wher e t8i5 dB. i ncreased whenever the PER is above a target value, and
i s decreased when the PER i s bel ow the target. A maximumlevel of Anp is
al | oned, coMMtIIHEnER POyversbased oveshend gpin ¢antrab- | C recei ver. DRC-Onlv

Over ggrsp 1 83@%225%%%*%%0&?&?3&%& BesbRbia Beeabdeh oh Fao ba i ac
subchannel afaheovesheadapbaeinndl IiéO(gw basabor mlmea&urém BigddIfoverantehe & f af med

with a clos d Ioogﬁebas descri bove. In this case, the Ecp and At 2P are
control | ed &% % g ISASFHED mmr r o grovigs the S@H%C%lb%qwaltge@f agystemavith

over head suyhchenmel BefOR rf.or Ipcﬁ,gil} h rate.
particular, if theEDR%hdgr asur el(?slpagb%eelﬁé;rgatw%? sho dIr e over Eﬂéé& gatn
subchannel cgaipans2fEgfor thei increasedddterfetempe.t AbisDRGlenasation adaps the obethead a

t hreshol d, gﬂ )ﬁ%ﬁr ad gain 2702 is gradually decreased. Control O T2P In
A Ml ti-Se MHie Cel I Net wor k

A ot ROT
¢ ~7 " Ror

thr

[00191] A, may be controlled to not go under 0 dB since this would correspond to

decrease the overhead subchannel power which is unlikely to be helpful.
[00192] The gain and power control scheme may include an inner and outer Ioop PC

2304, 2300 for E,, as in FIG. 23, a GC loop 2600 for A as described above, an open-

loop GC 2306 for Arp, where App is increased whenever the PER is above a target
Value;, and is decreased when the PER is below the target. A maximum level of Appis
allowed; corresponding to the level of the no-IC receiver. |
DRC-Only Overhead Gain Control

[00193] FIG. 27 illustrates a variation of FIG. 26 with DRC-only overhead gaiﬁ control
2702. '

[00194] Even when the overhead subchannel gain is adapted, the gain control of App
2700 can be performed with a closed loop, as described above. In this case, the E, and
Arzp are controlled as in the scheme of FIG. 23, while the adaptation of the overhead
subchannel gain 2702 is performed through the DRC erasure rate. In particular, if the
DRC erasure is above a threshold, the overhead subchannel gain 2702 is increased.

When the DRC erasure rate is below a threshold, the overhead gain 2702 is gradually

decreased.



[00195] Since the GCof APi s perforned on a cell level, and an A T 106
may b e in softer hand-off, the various sectors nay generate different
request s wohoesapteat i on, hi this case various options neygThisecssonsider ed
for the choice o f the AT2P request to b e sent to the AT. At a cell

| evel , a nethod may choose the m ni rrum reduction o f T2P, anong those
requested by fully | oaded sectors, ejo = sefl oa ndedax sectors} {A
2p } where A( 2P i s the AT2P reqwred y the sector s. The A T may
receive different requests from vari ous cel | s, and also in this case,

vari ous cr CosatiiohOf i2 PiincA Mk ; w othoose the AT2P

corre ing tQ.the serv sector. in order ensur.e t | i.abl e
com’ruf'ﬂ%ggﬂi on wgtnﬁ S%]t‘e &fb%{l]g@r I perfomed 9 ¢ 3 e\fel, and ‘H’b?ﬁ gq)()sglaxgﬁ Mand at
the AT, ot béffer HaRd-6ESthERYriOR £OMRdsd HeY géherdtélﬂiffﬂﬂéﬂ’t@ecfuaﬁs BT Adaptefion "B¢higum or
mean anong t he requested val ues. [00197] One inportant aspect i s for .the
nobi | es t ocassevafided optloﬁﬁﬁlaydacpnmba'eé fdkttﬁé’chmse ohithe A gt edqxa‘sttbr’oe sefftSobased
on neasurenents o f 1o and 10" (and possi blﬁl al. so know edge o 10 1) , and
G' G x DsthohBr éAtpeedll level) 3 ncthad R % cbepsathe MUIERS) TodReitpn rfeE@’ among

del ta_fact gr 0§egﬂlg§éﬁjﬂm§w&?&5«§e €r§ ethey are broadcast b y each BTS to
§s

all the acce accordingly. [00198] The concepts
di scl osed herein may b e appli e,g}ve'D(La WRVA s iem whi ch uses over head
channel s such a s a dedi cat ed physr caledgoret ol channel (DPCCH), an enhanced

SESQ??Qde% Bbieok i fchra S Ry he SRPraToR A P Ay %Q%rdégh?;?afﬁd
i ted
AR AR R e S

to WCDVA syifetiydEmay éHbokerbe i f | @b@eponding to the serving sector in order to ensure the

most reliable communication with it.

[00196] For the choice of App both at a cell and at the AT, other choices may be
considered, including the minimum, maximum or mean among the requested values.

[00197] One important aspect is for the mobiles to use T2P' = T2P x Arzp, where Apzp is
calculated at the BTS based on measurements of Io and Io' (and possibly also
knowledge of I,™), and G' = G x Ag, where A is also calculated at the BTS. With these
delta_factors calculated at the BTS, they are broadcast by each BTS to all the access
terminals, who react accordingly.

[00198] The concepts disclosed herein may be applied to a WCDMA system, which uses
overhead channels such as a dedicated physical control channel (DPCCH), an enhanced
dedicated physical control channell (E-DPCCH), or a high-speed dedicated physicat
control channel (HS-DPCCH). The WCDMA system may use a dedicated physical data
channel (DPDCH) format and/or an enhanced dedicated physical data channel (E-
DPDCH) format.

[00199] The disclosed herein may be applied to WCDMA systems with two different
interlace structures, e.g., a 2-ms transmit time interval and 10-ms transmit time interval.
thus, a front-end memory, demodulator, end subtractor may be configured to span one
or more subpackets of packets that have different transmit time intervals.

[00200] For TIC, the traffic date may be sent by one or more users in at least one of an

EV-DO Release 0 format or an EV-DO Revision A format.



Interlace structures, e.g., a 2-ns transmt tinme interval and 10-ns
transmt tine interval, thus, a front-end nenory, denodul ator, and
subt r act owormys/dr1ws1configured to span one o r nore subpachkaiszoms/oficrpacket s
that have different transmt tine intervals. [00200] For TIC, the traffic
data may b e sent by one or nore users in at |east one o f an EV-DO

Rel ease O format o r an EV-DO Revision 4gformat.[00201] Specific decoding
orders descri bed herein may correspond to an order for denodul ating and
decodi ng. . Re-deco g a packet should _be from re-denodul ati on because the
proceég‘gm] deno P%l Frf&cadlﬁac%éﬁrsf¢Q§¢ﬂh€14eh¢1’EQAM331®rtqsmm t @ orider for

i nterferen Those of
ki1 it oemeeEind A BRodhe RoEkbdihe sHERREY slolRtbe et S itm el Ay
represent edbewsmgheap;ocesfs af demoaﬂzytmgf adxaélieerfﬁnh thed?lBMM%HStraﬁHllates the

t echni ques.. St commands, information,

1 tr?er gxPl ?Ia :gntt rUCtdﬁg
si gnal s, bt & IENHIBIES HWEIHE‘P]P gtierileeOdeRINPE 1 ef er enced t hr oughout t he
above [abaequ Pt i qRoSEYF A8l e RieCRE WO lk}bﬂefé%tiétﬁéﬁn 5{1&{‘5&1 51§+zﬁ§}1{a %gnet e
waves, magnetic fields or particles, optical or parti
conbi nat i ofeprefeniedf usigERPIL T hiesietyobt slid'lfdrentl t¢clurhuéogcst and)uiacdmiqmes heFor

appremate t \ S | 11us tiyv |caI bIo | es Lrcuits,
and al gorift Qgélfegﬁa giécrl%ge% 5o %ﬁlﬁ’e(‘f? ﬁﬁl’t%g?% Sg?ﬁ??i%taé‘dcﬁ | osed
herei n rmay thxe map benesftrenceds thebRGbhio eC alS’(WedVi@Jcﬁptl&QW 8t RPfLUALE 1byOr
conbi natlons of both. To clearly illustrate this interchangeability of

har dwar e aNAltagss:tGuateats, Glgptrespagneti wavesamageeticohifidnenpasticles, opkical fiebdsudres,
circuits, ﬁﬂt@lci%ged}%ﬁp%ﬁbﬂﬁﬁ?nﬂl%&%' bed above generally in ternms of their
Vlhet her such fu

functi onal Ity nctionality is inplenented as hardware or
sof t wit0303ependThageoof sHiB ipahe iactuweuld afopthércatpirariate nkht ks ivgRowoNkt&ivat S

i nposed on, t he al | stem .Skil]ed a tlsans may, i npl enent  the descri bed
functi onal ‘%g}caﬂ ﬁ}/‘\?g ?fﬁ}{%a)‘?gm?‘@r ‘é‘iﬁ@ﬁmﬁ FteR descabsdl incconpestion yyith gl?ch

i npl enent akBadidRAlsSAiSSsed HREiA n{@tb@ﬁnm&h@ﬁt&ﬁ ?ié QfLcASnit HARdwide aﬁ ﬁ’@%r ure

fromthe scope of the present invéntion. [O The various Il ative
| ogi cal bl are, Yo ¢P maanms @f rboth. t sTQjelmrlybﬂdstrahe ¢hinnetrihangeability tdfe

embodi nent § ¢l erformed with a general
pur pose proc essor&sde&éilw a“f al Hglfmbtg(p? é’é’?&‘efgb%ﬁ?a‘ H“’QE%FH LIS r?ng
specific i Blbp@lﬂaﬁzb&:den?déseﬂbéd z(b%Sé génerdllyl in@rehsi ARG ARIMBRORLGAT WhathEAMich FPGA)

or other programmgbl e | ogic device, discrete gate or transistor |ogic,
di screte hEmatignality is implemented as hardware or software depends upon the particular

application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[00204] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, rﬁicroéontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of



conponents, or any conbination thereof designed to performthe functions
descri bed herein. A general purpose processor nay be a m croprocessor, but
in the alwernu@i7vys] the processor may be any conventi onacTpSe@sSH$6T4
controller, mcrocontroller, or state nmachine. A processor may al so be

i npl enented as a conbi nati on of conputing devices, e.g., a conbination of a
DSP and a m croprocessor, a plurality ofgm croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configurati on.w[OOOZOS] The steps.of a nethod or. algori.th scribed in
connect i onMAFPPEOFFRECTE NPT RATESMHTRIPEFSES® R FEVINED Y g]rp of %% HidEct 1y
i n hardwar gehet Sich coRfigiddtigh. modul e executed by a processor, or in a

conbi nation of the two. A software nodule may reside in RAM nenory, flash
menor J00268DM mentdhe , steERROK aemothpd BERKEVIthmdeseribed gins cenrectiprr Withi Bie, a

bl e di sk,. a CD:. f . . '
ot um i s EBARTERTEQ YRl seatand BE ey Yt Rl o Sofyiooe

i nf or mat i omodaRexeatel B htpeodesddd) deihi dbnibinatidheofshotage medbftware modtilee
alternative, the storage nediummy be integral to the processor. The

processor AWy tesidesioRed memaiva Mash reanery, iROMh, memaery, BYRON| memeyysr esi de
in a user iRl the. L nati.we, r Ar I AR
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Headi ngs af@mni ofstoigel niediumi.n A storage frexdénu és aowpledtoathd processoc au¢tpatthet ai n

sections. These headings are not_.intended to.linm.t the scope of .the
concepts d8ECFISBREIY ﬁ‘?—f’t‘%épﬁ’r@ﬁ%%‘} froxgnax Wﬂ?em%ﬁ’g{a‘%? i" ﬁ&;ﬁ?‘?fg&%ﬂﬁ%ﬂ bi lity
in other segdiiRAMLVEHRAIGBRRE ntdafunt Halybe istesal fo thebtdBssof. hedkbér didevi ous
description of the di scloséd enbodinénts iS provided to enabl e any person
ski | | ed i nthenstorage mediunniaygesids i athASHE e JhatASIRvmAY resifde W wsgy terminal.

nodi fications,to,these epbodi nents w !l be readi p. ent. t

skilled i n?? ﬁge (,ftlt{:r,na hd eP r@&%sé?ri (?Ivl\%rtlh%csﬁoﬁflges q’#ﬁ?ﬁe@%e@%fié%ﬁaygﬁge

appl i ed tocempéerentyTh@diserdinsindl. t hout departing fromthe spirit or scope of

the invention. Thus, the present . invention is not intended to be limted to
the el@386lment s Berdingsnase einpluded hereip Joy gefgrenss fwd tonaldnit dageting gsEan

i stent wi.th. t i i < Q1,4300208
cons! B0t | 25oRRBL 55 AARLA, L MSSofl SEUESFDE iind10200

transm t t edher¢inmmderpland diidsé yondeptscrney hateapplicabifity in other sections throughout

the entire specification.

[00207) The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to-
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

[00208] WHAT IS CLAIMED IS:



cancel i ng overhead channel data fromthe received sanples; and after
cancel i ng the overhead channel data, processing the sanples to obtain
traffic depaosamizeéhy at | east one of the access tern nalpgT/iR2005hesmet hod of
Claim 1, wherein the signals conprise Code Division Miltiple Access (CDVR)
signals. 3. The nmethod of Claim1l, further conprising storing the received
sanples in a buffer and . canceling the oygrhead channel data fromthe
stored, received sanples. 4. The nmethod of Caim1l, wherein the overhead
channel conprises at |east one of a Reverse Rate Indicator (RRI) channel,
an auxiliary pilot channel, a Data Redtaims Control (DRC) channel, a Data
Source Control (DSC) channel and an Acknow edge (ACK) channel. 5. The

met hod of Claim 1, wherein the overhead channel conprises at |east one of
at | east one bof Amddwdcampdsipgysi cal control channel (DPCCH), an enhanced
dedi cat ed physical .control, channel (E- DPt%I} or _a hi gh-speed dedi cat ed
physi cal cont r olT¢HARG AR es0 trangmi PR £ RBH2I4Y ofpegess termigalsi ei n t he
traffic data is afMinD¥%vaigad¥halRél GatdSRIns tHe'tedivddRafiplANgLf an EV-DO

Rel ease O format or an EV-DO Revision A format. 7. The nmethod of Caim1,
wherei n t he tr afafteccadaeling the geerheddychanme] datajmoecssing tlee sampdds tb ebtn one of a:
dedi cat ed phwsi ¢al _data annel ormat or an enhanced .dedi cat ed
physi cal dg{%é%ﬁagﬁﬁeéﬁ%(éf%m ofglls%&%{mﬂ?@isnet hod of Claim1, wherein

t he overhead channel conprises an auxiliary pilot channel, the nethod
further conprising reconstructing the auxiliary pilot channel based on a
channel esti n&t dhegnethadeofifelaimn b, Wwherenghesignalypampesise Gade Divisionddultipleannel
conpri ses . .Reverse Rate Indicator (RRI) channel, Data
Request m%%?éﬁ?%&‘%ﬂ%el, and Data Source Control (DSC) channel, the
met hod further conprising: conparing denodul ated outputs of the overhead
channel with reshol d;_if. the denodul at ed out puts of the overhead
channel are a ot’}get"‘?'l?gh‘{dfﬂféj%lﬁ’&? & fughersempgsingstasingthe egeived samplesdngn o
synbol - bas i } I ek c : L 4 ead
channel bi ti.%gffterl‘ca)laiird(rg:d&(;nésﬂtnrE Slcll:éi t he agsggﬁggat%%gﬁln%l? 'Sfa%gd Fé{gﬁ%@%?ﬁ@ g?of Claim
1, further conprising reconstructing an overhead channel

4. The method of Claim 1, wherein the overhead channel comprises at least one of
a Reverse Rate Indicator (RRI) channel, an auxiliary pilot channel, a Data Request
Control (DRC) channel, a Data Source Control (DSC) channel and an Acknowledge
(ACK) channel.

5. The method of Claim 1, wherein the overhead channel comprises at least one of
at least one of a dedicated physical control channel (DPCCH), an enhanced dedicated
physical control channel (E-DPCCH), or a high-speed dedicated physicai control
channel (HS-DPCCH). ‘

6. The method of Claim 1, wherein the traffic data is sent by one or more users in

at least one of an EV-DO Release 0 format or an EV-DO Revision A format.

7. The method of Claim 1, wherein the traffic data is sent by one or more users in
at least one of a dedicated physical data channel (DPDCH) format or an enhanced
dedicated physical data channel (E-DPDCH) format.



by: scaling each decoded overhead signal by a gain; covering the scal ed,
decoded overhead signal by a Wal sh code; summing a plurality of covered,
scal ed, deodeh7ower head signals; spreading the sunmed, pconseed/jo4caal ed,
decoded overhead signals by a pseudo random noi se (PN) sequence; and
filtering the spread, summed, covered, scal ed, and decoded overhead signals
through a channel -scaled filter. 11. A pgthod conprising: receiving sanples
of signals transmtted froma plurality of access termnals, the sanples
conpri sing pilot_channel ga{a, overhead channel data and traffic channel
data; and can8el Thigngthod ghlaimg 1pwhereithe pverheadsihantel cpmnriess agansilianyer head

channel  datichefhrit R fieBHARRHer it idtl {cbesBRR SR il IoTERG O

Claim 11, wherein the signals conpri I simon ccess (CDWVA)
si gnal s. 13.bas¢tbomethandelodstidlat m 11, further conprising storing the received
sanples in a buffer and canceling the portion of pilot channel data,

over head channel data and traffic channel data in the stored, received

sanpl es. 14. Shernsh&6d of Clalmi1Mwhdreini€ beéhe fBdhdns2 06:5bi O a} {égst%%fo'kon of
pi |l ot channel data, overhead channel data and traffic channel data

conpri ses: aRewrse ate fpdisator{BR Deshanmedt Rata Requesh Eoptrel(BRQA) chaineh ané Hrmta

term nal s; i est | mat es ancel pilot channel data in.the
sanpl es fro%‘%%%%%ég@%g&%%i @?n%e oéié@ftﬁgca?ng’égmgf one or nore access
ternminals from tdempatitig démbddulattd aepes df ey dVeflthd chdnde] witlea 8gtstefa;one or
nore access term_ nals, denodul ati ng and decodi ng overhead channel data and

traffic channel !fihesgdemadriatediontng eiiheevesteadisharnect premheve athreshodtl,t raf i c
channel datfafiao ﬁﬁ%v@fg{e&g gl’;léiéﬁ{él Wit a SR A Wb &MY RIGE ARG H0BY GEAGRY Jghannel

data and traffic”chann
using decoded overhead channel bits to reconstruct the overhead channel.

10. The method of Claim 1, further comprising reconstructing an overhead channel

by: |

Scaling each decoded overhead signal by a gain;

covering the scaled, decoded overhead signal by a Walsh code;

summing a plurality of covered, scaled, decoded overhead signals;

spreading the summed, covered, scaled, decoded overhead signals by a pseudo-
random noise (PN) sequence; and

ﬁltering the spread, summed, covered, scaled, and decoded overhead signals

through a channel-scaled filter.

11. A method comprising:
receiving samples of signals transmitted from a plurality of access terminals, the
samples comprising pilot channel data, overhead channel data and traffic channel data;
‘and ‘
canceling at least a portion of the pilot channel data, overhead channel data and

traffic channel data in the samples.

12. The method of Claim 1 1, wherein the signals comprise‘ Code Division Multiple
Access (CDMA) signals.



reconstructing overhead channel data and traffic channel data; and
canceling at least a portion of the reconstructed overhead channel data and
traffic overnoeo7dmtia i n the sanples. 15. The nethod of @caiusedodjosovher ei n

t he decodi ng, reconstructing and canceling occurs in a sequential manner
for one access term nal then another access termnal. 16. The met hod of
Caim 14, further conprising selecting gpother set of one or nore access
termnals fromthe pIurallty of access term nals and repeating said
denodul ati ng, _ decodin reconstructing and canceling. 17. The net hod of

Cl ai m 14, furthdhe 4 af Glgine & htfirshericamprisiag sianmg tesmseeived sampltssao@ss

terninal s haged.ihba g‘%ﬁ@?%@ﬁ’g{ ﬁlﬁkﬁ'lﬂﬂne?ﬁitb REARad g’l?annglhfat qﬁ%ve a

Claim14, wherein t l'ec nore access term na

packet termhmamédahnameukxmhhaﬁh@ﬂshﬂﬂmdary.19. The met hod of O aim 14,
further conprising storing the received sanples in a buffer and canceling
the pilot channel data, overhead channel data and traffic channel data in

t he stored, rf&@h\é%‘ijetm@&m 20. wﬁ@f'@ingﬁﬁr&%’ceﬁflg gﬂeﬁig?%c;ndfof it Eﬁbﬁg ot i ned

conprising: deriving a refined channel estimate; ase
channel estdataao‘eerhfraémbammgd@taaed/traﬁiﬁ chatrietrdate cofpriseser f er ence fromat | east

one of the pilot, channel dat overh nd t af fi ¢ channel
data. 21. The mgf’%ga 69g‘83a3]il 5t a?ﬁfqﬂ@pqggﬁ%?fdﬁcﬁﬁs e'é'PE‘E)IV’iSr’lg a residual
pi l ot based on alsﬂhgftlhd&ﬁnﬁél%&ﬂﬁbteﬁﬁ)tdaﬁ@é]?ﬂot?(%)anﬂ_él‘ﬂaﬁﬂh}ﬂ%’saﬁfple@@nﬁrhﬁl’
wherein said canceling the portion of pilot channel data, overhead channel

data and t 284oe$ krapalhel data conprises: deternining channel estimates for

the plurality cle@Gfifiect 6 diektrtore UoldPhet ik RN Bl MSLIMTALSRLE cance!

pi | ot channel ta e sanples ron1a access term na ,acgiﬁctlng a
set of onetmnnmﬂse access termnals fromthe plurality of access term nals;
for the set of ne or mt)r e access term nals, denpdul ati ng and decodi ng
over head channefoTdhe sgt of one or more access terminals, demodulating and decoding
overhead channel data and traffic channel data;
determining which overhead channel data and traffic channel data decoded
correctly;
for the correctly decoded overhead channel data and traffic channel data,
reconstructing overhead channel data and traffic channel data; and
canceling at least a portion of the reconstructed overhead channel data and

traffic channel data in the samples.

15. The method of Claim 14, wherein the decoding, reconstructing and canceling

occurs in a sequential manner for one access terminal then another access terminal.

16. The method of Claim 14, further comprising selecting another set of one or more
access terminals from the plurality of access terminals and repeating said demodulating,

decoding, reconstructing and canceling.

17. The method of Claim 14, further comprising controlling transmit power of the

access terminals based on the determined channel estimates.

18. The method of Claim 14, wherein the selected set of one or more access

terminals have a packet terminate at a current slot boundary.



determ ni ng whi ch overhead channel data decoded correctly; for the
correctly decoded overhead channel data, reconstructing overhead channel
dat a; camnwel2nswp7atell east a portion of the reconstruct edprovarsh@adsczhannel
data in the sanples; for the set of one or nore access termnals,

denodul ati ng and decoding traffic channel data; determ ning which traffic
channel data decoded correctly;for the rrectly decoded traffic channel
data, reconstructing overhead traffic channel data; and canceling at | east
a portion of the reconstructed traffic channel data in the sanples. 23. The
met hod of Claim 21, further conprising storing the received sanples in a
buffer and canceli ng,at, |l.east ortion of .th ilqgt channel data., overhead
channel data nil’? P%fwef?ﬁﬂﬁhgﬁ’%eéc?rﬁp?ﬁ%g gtf)ﬁ?% e rFCeeé‘éﬁ%\féﬁlpgeg%?es. 24.
The net hodp@ffer@ndicBhckling YMQSiRt Bhambiiaa 00ethedichdhndl datand tROAd dtafndf pi | ot
channel data, overhead channel data and traffic channel data conprises:

det er ni ni ndate rathgstored reaeitted samplest he plurality of access terminals;
selecting a set of one or nore access termnals fromthe plurality of
access termnals; for the set of one or nore access term nals,

re-esti mati nQ@oc Taaarthodf IO, firther chaprsihgt channel data; for the set of

one or nore access termnals, depodul ati ng and decodi ng over head channel
data: for the s@ervng arefingd chenpne! et apdr i nal's, denodul ating and

decoding traff i 6, eh3nMed refifibdenARLIRk M Enihiddh RYREREGAONNC! data and
traffic channel data decoded correctly; for access termnals whose traffic
channel daimenfexencefone ssifadt bye dEthe gdat charwad dstay onerhead channst dash amheiffidat a,
over head ch nnet ata and traffic channel data; and canceling at |east a
portion of ‘@ bnstructed pil ot channel data, overhead

21. The method of Claim 14, further comprising femoving a residual pilot based on

a refined channel estimate.

22. The method of Claim 11, wherein said canceling the portion of pilot channel

data, overhead channel data and traffic channel data comprises:

determining channel estimates for the plurality of access terminals;

using the channel estimates to cancel pilot channel data in the samples from all
access terminals;

selecting a set of one or more access terminals from the plurality of access
terminals;

for the set of one or more access terminals, demodulating and decoding
overhead channel data;

determining which overhead channel data decoded correctly;

for the correctly decoded overhead channel data, reconstructing overhead
channel data;

canceling at least a portion of the reconstructed overhead channel data in the
samples; |

for the set of one or more access terminals, demodulating and decoding traffic
channel data; A

determining which traffic channel data decoded correctly;



channel data and traffic channel data in the sanples. 25. The nethod of
Claim24, further conprising storing the received sanples in a buffer and
cancel i ngwet2odeaasisia portion of the pilot channel data, povarsh@adsczhannel
data and traffic channel data in the stored, received sanples.26. The

met hod of Claim 24, further conprising selecting another set of one or nore
access termnals fromthe plurality of cess termnals and repeating said
denodul ati ng, decodi ng, reconstructing and canceling. 27. A base station
conprising: a nenory configured to store data sanples of signals received
from a pluralit yordhe corety deardaid raffs, chahre! datapicesnstructmg evierlgagitiatfic channel
data, overhead C({] nnel data and traffic channel data; a channel estimator
conf i gur edhang ag‘?’ﬁp e channel estimates for the plurality of access

termnal s; a sekgfbRg £98dst §P6@dnof tHeatetbtracte@irafic cARthePHati R BeacCess
termnals fromthe plurality of access term nals; a denodul ator configured

t o denpdul aampleser head channel data and traffic channel data for the
sel ected set of one or nore access termnals; a decoder configured to
decode denodul at ed over head channel data and traffic channel data and

det er mi ne whix3h Tay afefiRddbfCiannz, faltien camprisingftbting teastwveddampledésaded
correctly; a reconstruction unit confjgured to rg@gnstruct over he channel

C d
data and tPHff?f! and cpngehBg atlgast amertiqnRf thepilte fpe 6_d’é(6rh6%91|‘f’é‘§61 nnel
data and t%ﬁ‘ﬂrhﬁic%ﬂﬁ’rﬁﬁ?ha@% @gts{dgﬁdéﬁﬁgﬁ;ggggﬂﬁltegpn unit being further

configured to reconstruct pi data using the channel estinmates;
and a subtractor configured to subtract at |east a portion of the '

reconstructe il ot chan data, .reconstructed over head channel data, and

reconst ruct egz‘fﬁhme Ogt?gﬁhj@fn tigt“glef?%ﬁ? ﬁ%ncgﬁ%?telgasé?BPIéld’nioﬁpﬁ?lte menory.

28. The bagganhkPddifdvethesd eafthel Gatarh@rRiffic é@neleaRtiondies:conpri ses a rake

receiver with a plurality of finger Procesa ng units to process nultipath
0

signals, each fidetgeninngohennsdl agfinaies fon theimeralitynfiagenss amingls o process
sanpl es from t he, MEnDr Yo, gfclsnéa-lﬁ?gndpq?%&e?st Abch 381s HonThR! PRty oMAELSEL N the

reconstruction Uhrt s con
terminals;

for the set of one or more access terminals, re-estimating channel estimates from
the pilot channel data; |

for the set of one or more access terminals, demodulating and decoding
overhead channel data;

for the set of one or more access terminals, demodulating and decoding traffic
channel data;

determining which overhead channel data and traffic channel data decoded
correctly;

for access terminals whose traffic channel data was successfully decoded,
reconstructing pilot channel data, overhead channel data and traffic channel data; and

canceling at least a portion of the reconstructed pilot channel data, overhead

channel data and traffic channel data in the samples.

25. The method of Claim 24, further comprising storing the received samples in a
buffer and canceling at least a portion of the pilot channel data, overhead channel data

and traffic channel data in the stored, received samples.



reconstruct data by at |east one of re-encoding, re-interleaving,
re-nodul ating, re applying a data channel gain, and re-spreading.
WO 2006/071761 PCT/US2005/046744
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26. The method of Claim 24, further comprising selecting another set of one or more
access terminals from the plurality of access terminzils_ and repeating said demodulating,

decoding, reconstructing and canceling.

27. A base station comprising:

a memory configured to store data samples of signals received from a plurality
of access terminals, the samples comprising pilot channel data, overhead channel data
and traffic channel data;

a channel esﬁmator configured to determine channel estimates for the plurality
of access terminals;

a selector configured to select a set of one or more access terminals from the
plurality of access terminals;

a demodulator configured to demodulate overhead channel data and traffic
channel data for the selected set of one or more access terminals; '

a decoder configured to decode demodulated overhead channel data and traffic
channel data and determine which overhead channel data and traffic channel data
decoded correctly;

- areconstruction unit configured to reconstruct overhead channel data and traffic
- channel data for the correctly decoded overhead channel data and traffic channel data,
the reconstruction unit being further configured to reconstruct pilot channel data using
the channel estimates; and

a subtractor configured to subtract at least a portion of the reconstructed pilot

channel data, reconstructed overhead channel data, and reconstructed traffic channel

data from the samples stored in the memory.

28. The base station of Claim 27, wherein the demodulator comprises a rake
receiver with a plurality of finger processing units to process multipath signals, each

finger processing unit having a unique delay to process samples from the memory.

29. The base station of Claim 27, wherein the reconstruction unit is configured to
reconstruct data by at least one of re-encoding, re-interleaving, re-modulating, re-

applying a data channel gain, and re-spreading.



