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 i nvgnti on relates to wirel ess
comuni cati on systens generally, and specifically to traffic interference
cancellation in wirel ess communi cation systens. Background [0003] A
communi cati on system may provi de conmmunicati on between base stations and
access term nal JOINTVENTERFERENCORTCANCEILEATION O PH .QGTon from a
base station to an access ternmnal. Reverse link or uplink refers to
transnission froman QVERHEAD ANDtTRAFEIE €RANINRELS: ich access
term nal may conmuni 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 terminal is in soft handoff. BRIEF
DESCRI PTI ON OF DRAW NGS [ 0004] The features, nature, and advantages of the
present application may beCEnhof2pifiteahdér 35UINE. §E1%i | ed description set
forth below with the draw ngs.  Li ke reference nunerals anf} gh? ac:t.ersl may
strat

i dent 00011t he safBe opresgngi mplicgiine laims| ppoBlY fp cro-gssigne LoUsIPYe| ess
communi cat \ghricYish 348, Wold3s 888 ertitieh PRAFRIE IRTERFERENCE CANCELORPRINFI G 2
illustratestan exanpl'e of transmtter 'structure and/ or process, which may
be i npl emeATEIHEBBES O AdSRMAREVERSBOEINK G fildd pODBTEmMBdr@a3, 3004, mdseh st es an
exanpl e- of . a recei ver process and/or structure, which nmay be inpl emented at
a base st alFOROFtedPYTelqendenoog] FIG 4 illustrates another enbodi ment of a

base station receiver process or structure. [0009] FIG 5 illustrates a
general exanple of power distribution of three users in the
BACKGROUND
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

whéther 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 descﬁption set forth below with the drawings. Like reference

numerals and characters may identify the same or similar obj ects.

[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 uniformtime-offset
distribution for frame asynchronous traffic interference cancellation for

users wi twoegesal7itsnansmit power. [0011] FIG 7 illustrates/usbdoosniend aci ng
structure used for the reverse link data packets and a forward |ink
automati c repeat request channel. [0012] FIG 8 illustrates a nmenory that

spans a conplete 16-sl ot packet. [0013] ,FIG 9A illustrates a nethod of
traffic interference cancellation for aﬁ exanpl e of sequential interference
cancellation (SIC) with no del ayed decoding. [0014] FIG 9B illustrates an
appar 0% t o peFf@rirliukieatae bl exhmple loif @ re@dver [pDOES] artd/@. sta@ture,| wisith atays a
receiver s |l e buffer after arriy f successive subpackets of an
interlace %Wﬁ?ﬂ?@?‘?@ﬁ%??@?@ﬂﬂ%élﬂﬁﬁon of decoded subpackets. [0016] FIG
11 i1 Ldbﬁﬁ]r ates G .oy q(IhgatsChHMNE| smsdditeitUsa Hal® Stakioft! feeeived probésddrr at es

a nethod to first performpilot IC (PIC) and then performoverhead IC (A C
and traffistrpaBireTlI C) together. [0018] FIG 12B illustrates an apparatus to

f 1 h f. F 12A. 19 I i ' f
Por " OBERAES, oL PR Sl 33t CRBE P AL B Bl b O
t he nmet hods@fenrbFIG.3A. [0021] FIG 14A illustrates a method to perform

joint PIC, OCand TIC. [0022] FIG 14B illustrates an ,ap_Bar, atus to perform
the miQ08ld of FFIS. @ashowsoap Fxampls of sauniforys timereffsey djstripuliony for framge

et hod of Epgehebis dR8 e thoc Akt 3468 AR ABRAR phfeper o e
syst e[001{10026] FI®. 7 illisirhtesian imtdacimnsteocanplused fsphaseverse lombndutypatketsansm t

and receive (;i I terg}rﬁﬁg. 00271 FI Gs. 18A and 18B show an exanpl e of channel
esti mati onapq a5V, Iikré‘éqlﬂ%f QA RAYES B MS5sed on the estimted nultipath

channgjo; & eaChFﬁfr.giﬁlﬁ%t%eﬁlbﬂgﬁﬁﬁsphﬁ’i@&lmﬁét@sm-sl& bR, show exanpl es of

an inproved channel estimate baseéd on RAKE fingers and despreading with the
data 91pls. [ O0EHF. IA dluspaias ialhetbod af effis interfersaice eancglatpometodian gxampRAKE

finger delays with,r nerated data hipPS..[0 | 2 illustrates an
appar at us. O pPHGH IRRacisR R o R P g deltbed bédoar P |
[0014] FIG. 9B illustrates an 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 illustrétes'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 control with fixed overhead subchannel
gain. [0035] FIG 24 is a variation of FIG 23 power control and gain
control with fixed overhead subchannel gain. [0036] FIG 25 illustrates an
exanploe28if poweFIGONY2619Bv shbwf bmnbleex/cerf hematingrolah ahanekl gstimate| 887 JonF| G,
26 is sim | G 24 exc ver head gain control. [0038] FIG 27
illustrat emgflg ?‘Eﬁﬁd‘iﬁPreF‘?g% &fﬁ ﬁg@ Sonl'y over head gal n control.
DETAI |gf5Bb{DESOR! s ObA O Hauchr vRAG e Bispriaai! #ORARSY @hnlcr Bl with
necessarily preferable or advantageous over other enbodi rrents il

vari ous asmn@atsﬂdaﬂae‘hmsesent di scl osure are presented in draw ngs, t he
dr awi are no ar.i dr awn 0 t e l'i ncl usi ve.
[004053’81’%-?]@ PRI RRE Lk o B RelR 1 Bl ?‘E)eﬁ?‘wshysf&el%% * whi ch

incl upesija syst BIGs: QNAr#H2eB show, anha@pks et dstimatid@thecoPbbite dnadnel usingr al ity
of access term nals 106a- 106h, The system 100 nmay have any nunber of

cont rol | er §nifermly ppaced samplepsatchipd? ®HRIUERTEess term nal s 106. Vari ous

aspecipzgnd enb t r [ erlyﬁ

i nmpl e@nt ed in ?ﬁ%nggétslg{r?ﬁitrfg% %ﬁgﬁ]fgﬁ%ﬁt&ﬁtﬁ% 2 EE ggné?ytbelrm ile or
st at i onar yresohitioRysihg refesqreted ddtatchipsughout  t he comruni catl on system 100 of
FIG 1. An acce t nal 106 may be con ect d to o nted in a
comput®®%Y devi CEfGébrﬁlagraéesla&ﬁPB%raB@rtQBW %ﬁtﬁ’?eé]im‘{‘idﬂgr 2%1 vely, an
accesfposgr m nal F@yzbeu@suﬁt%kfa ERBER 1A pSRtracaRol GRd it RoAgolawRR! Al
digital assistant (PDA). An access term nal 106 may refer to various types
of devi cesovehedd sabckannglrgath. phone, a wirel ess phone, a cellular phone, a
lap t onput e reI 8S3:G0 c i.0 er al_€ yt rd, a
pon, - B3R or nar1Gr 24 i ErRBRiGEAERTOR2 PP SoR0ca AR hRtrol by SR

devi ce thabvﬁh@aagﬁgalﬁﬁélegaﬁpnnectl Vi ty to a user by comrunl cating through a
w rel ess channel or through a wred

[0036] FIG. 25 illustrates an example of power control w1th 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.
DETAILED DESCRIPTION
[0039] | Any emb.odime_nt 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. v A
[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 implémented in the system 100.
[0041] | Access terminals 106 may be mobile or staﬁonary 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, where each cell is serviced by one.or
nore base stations 104. A base station 104 nmay al so be referred to as a
base station transceiver system (BTS), an access point, a part of an access
net wor k, acompleen. pAlibrnhtiealy cani aceess (térRiig] may be hiseld-cBntaked est desiospsuchr ef er s
to network equi pnent,. provi djn f.a connectivit t ween .a .packet .sw tched
tat &' net wofie Pesgal digtal elRnELtS A phesetuill (RReEE 3RS ooy
Forward |i gk gb¥ibes, Quckl AN ivilked' SdES at Qirbte@sﬂ?ﬁbﬁe? | D BeliulpRorea2elapt @i ON
104 to an access term nal 106. Reverse link (RL) or uplink refers to
transm ssi eamputennaamirelessecommuniention pensosaliaomputeidBCY rardi aFDroan qrvanal] A
base station.104 rmay transmt, data to a ces ' 6, USi dat a
rate sel ectolmpraleat O vy fre iRl AR i MELTUR: R prdfiaR afta O
may neasur gorestidfiato-4 @seNby Sémandicatiiethr@ghne @irelzbd chahfd]RXhrofiglaa piitedt
signal sent by the base statiogn 104 and detierm ne a desired data rate for
the base sethannelnforgxample ysing:Hbar cptie 4T copxifesahlcsed aessstiterina gray hay

&
access terpjnal ' u h@ﬂ” : rate .0l
(DRC) nessages St0 Sg@ %%h: gpgrtl%?lfegsrtl&%glﬂ%? %eslgn of ?nhltjﬁ{élb aggt’s@gﬁl%%gﬁlggf of

t he desi r ethotd¢ aernaha, mobild mhit,lmebide/ phany, amottileptdnerte sBoi, ateswte tfimimagd t o

as a base station controller (BSCQ)) - ovi de. coordi nati on and control
for base sfeé?%qt%]'\%‘t’llﬁﬁféeiff&“ﬁ%e_'ﬂ%’%’ﬂé‘n%"é’@h?lﬂ CVICB$'ng of calls to access
term pahsy 106 Virfe §{A8eRA96 pidvaddsRBMrkffcatibi FoSY alBeCsITYell9) WiRkke d40A dBRY be

further coupled to a public sw tched tel ephone network (PéT via a nobile
swi t chi ng tsearvased(lyB@e, or amte basestatiqok £94. dAtbasnsietiaay K0dipay alsphe rederredhioa

servi ng node (PDSN).[Q046] .The co Lcation Lem 100 n r nore
communs ey Fon Dol Jegsceixre pr Qi TR TS Bh oS KShE R o BhclSE BB ET
| S- 95, Hi gh rriictn Baskehnstaiar (MRPP)or AlNede IBf eAdcess hawatk Hfgh tbaicavdtht e

(HDR), as specified in "cdma2000 H gh Rate Packet Data Air Interface
Speci f i cat P@Hpment| propdy datgsenn bstwegp UrACkE Matcheddetr mepgerk(@8-p0) ,

I XEV- DV, WidepandoAdhing YW krminals 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 frorﬁ a set of different data rates. An access terminal 106 may measure a
signal-to-noise-and-interference 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 (BSC))
may provide coordination and control for base stations 104, and may further 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 Mobil e Tel ecommuni cati ons System (UMIS), Tinme Division
Synchronous CDVA (TD- SCDMA), Ot hogonal Frequency Division Miltiplexing
(OFDM), eawo.20ddmg1mxanpl es descri bed bel ow provi de det ai lpeTfusR0osloas7isd y of
under st andi ng. The ideas presented herein are applicable to other systens

as well, and the present exanples are not nmeant to limt the present
application. [0047] FIG 2 illustrates gn exanple of transmtter structure
and/ or process, which may be inplenented at an access term nal 106 of FIG

1. The functions and conponents shown in.FIG 2 nay be inplenented by
sof t wo0e6] har dwlhe, caonmanicatidn rsxstermn 100 8@/t wes eornener hanodenvanogm@ti¢rgion

functions .be added to FIG .2 in addition or, I .of the f cti‘ons
shown in Fg’@{m?}eg[ 6'6?_3‘8?5 ﬁoga‘ﬁﬁls?&ﬁlﬁgip %f’cﬁsom)dg'gg 1 ‘é}nR%tﬁg’(ﬁlﬁg%% 202,
whi ch encoggs @AEDPIals f¢firfd BNR Migh THit£ RARI(FIORS ChedRSfie® il reuhab®oooded
data chips. Each codi ng schenme may include one or nore tgpes of codi ng,

such as cyblighc Rated PaekatcDatehAsk btenface, Spesificstion o AEAVEEDAP 30, THM4 d&di ng,

bl ock codi h y C O, oh 1§0di I h A0gQ
schenes na;g/g?lﬁg%’lh ea%ute}g’r?rlgﬁ%eg ?gwg‘?)’r ééﬁgs 9( A%e%%@bdr;ll)g%@?% and
i ncr enent alUnfvegkdndasdhily TEeaimirgcdions $estemJUNESE MTinieyDd&sion Sgadhrommy be
coded with different coding schenes.. An interleaver 204 interleaves the

_codedl dat aCHIMA €LD-SGRM)r Qethagenal docaypnoy hivision: Mulimiexing dOFRMs oded,
inter eaveilpggﬁﬁ%ﬁge%asgaﬁr)@& e10R Yt ﬁgi@qﬁaﬁ«; for Bpgn%f%d@fstaﬁaagg' At Qlleas

t echni ques I nary phase 's eyl ng K) and quadrature phase
shift keyi ps¢nf@d@IereinTdre applihablkt torotikd Bystems ak sell; epd die @resatcomubesoire

modul ated data or a.synbol punctyre.unit may puncture bits of a synbol. The
nmodul at or Eﬁ@mt@@éq}gﬁ@%&“ f‘ﬂglcﬁtﬂﬁful ated data with a Wlsh cover (i.e.,
Val shipage) to frEm ARERatedad Sxamif)e o REHARGY strRBRIrd BYA/&H 8cdsh, WRmieh Miagi ON
mul tiplex the data chips with pilot chips and MAC chips to forma stream of
chi ps. Theberiiplemented 20 @nraggess|terminal d 08 fSAGud - r ThelSimchonssand empposnghisader
to spread the str f_chips. wh,th on r re RN S . . t code,
| ong code) s}fodﬁlsfﬂ %isr’nbgsrg%% -Wle%%ll %d_epfesagnga]gey h@ﬁﬁ?aqgo%égrcgwgh&ﬁ%toéw
may conver goffgehadchasdwaeal sOther RimcsibaNalay BeoaddedasRIG.S2 am addidonrto asit enna
210 over a wireless conmunication |link to one or nore base stations 104.
[0051] FI Ginstsad pf thefpngtions shpvexiadie2of a receiver process and/ or

str ucr[d(')ﬁﬁ’ Whi R JRY source 200 provides data to an encoder 202, which encodes data bits

using one or more coding schemes to provide coded data chfps. 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 fepeat request (ARQ), hybrid ARQ
(H-ARQ), and incremental redundancy repeat techniques. Different types of data may |
be coded with different coding schemes. An interleaver 204 interleaves the coded data
 bits to combat fading. | o

[0049] A modulator 206 modulates coded, interleaved data to generate modulated data.
Examples of modulation techniques include binary phase shift keying (BPSK) and
quadreture 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 antgnnas may provide spatial diversity
agai nst del eterious path effects such as fading. Each received signal is
provided to a respective receiver or RF-to-baseband conversion unit 302,

whi chjoosedi t i ong Hagetgnd-té-ridiefiequanyl(RF) esnverbomnaon2@f tnay camebrbagehandes t he

received signhal to nerate data sanples for that recejyed signal. .[0053] A
denodul at of'E3Y% Pa deﬁ%‘?ﬂiﬁi a‘lc‘j’é Fﬁ%ﬁr?qgsd@} vER 8 ggena ?lér&‘/’iﬂd r"é‘é‘?}gfs@r ed

synbol s.  FesmbMA2RRinkd8 9Rd ¥k alord@Past siaBsnd Fo4, ecover a data transmi ssion by
(1) channelizing the despread sanples to isolate or channelize the received

dat a [0081]pi | ot BHE.G ilhsirates e prample of eaaeeiveh nonepssandderostiugiure oxlaiele malyy

denodul at i .the channel iLzed dat a, W t Le - pi i

Gonodul at eH0 P EmeRgR a6 bR ARG G bGP IRETURioR: ofd bpliad Bfrn, 41,
(al so cal | gfFiRisnthay beoiiplanentBiY c6RAY) hapdwse/ g Lcdifbihation sftsoft@atanmdl es of
received signals for all users/access termnals, a_rake receiver 314 to -

despread ahardpeese eOthemfPrgtions mayghepddedstoa R es3 imaddigon donsw dnsieadaos thshol

buffer 316 . -end RAM (BERAM or denodul ated synbol RAM.
There may e%g Igﬁsuralgﬁlggﬁgg(ﬁodul ated synbol buffers 316 to correspond to

the pjoeszll ity oDndoehwraantessast HOnieozvs the[ o0 livk deidniatad Sgneds frdMone

dei nterl eaves data fromithe afor 304. [0055]. . A decpder 308 nm
decode. t heoUBRBRCSdaRTES 105, RAL0ls gty PRl ARSIy EBB by ¢ he
access ter glpaliodOfih Hiserd aBdRdadla AEIRYreBvEd Q¥ edlploided4ehespbétive310.
[0056] FIG 4 illustrates another enbodi nent of a base station receiver

process  or reseivec tarr BFHp-basdband, cadaersioni usit 030% uwbishs reditjonse fodediilitessr are
input to an_inpterference reconst.r.uction unit .400,, which |ngl ncoder
205 i it or RERER. HY e e i, s B8 ritRsr ey WAL Gt SR 15t

i nterl eavethafReeivadsighmidul at or 406 may be similar to the encoder 202,
interl eaver 204, and nodul ator 206 of FIG 2. The filter 408 forns the
decod@®53kser' s dadgmadylater iy demorulateothe received signaligle ProBIdedRsPersdt e t o

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 sar_nple
RAM) to store samples of received signals for all users/access terminals, a rake receiver
314 to despread and process mliltiple sigﬁal instances, and a demodulated symbol bﬁffer
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,between users since the signals
transmtted by different users are not drthogonal at the BTS 104.

Therefore, techni.ques that decrease the interference between users will

i nprove t hends fikére408p eFfecsnoader @02 f interleDkdk 404y ardsmodilater 40 otayibgsamilan to

d i bed in f t.h ffiglLent i ti interf
Cancel It | i Papdc S02rinercaer A0 Eypod ek o P e B o 0B RlteAdiiomms ke
[ 0059] Ea?ﬁedg@eﬁ%gﬁ’yéﬁ{plésrﬁm tdsatutibs, . £ tRinge FHtn g}fi neath it ghigl S,

]
all of which may cause interference to other users. As % 4 shows,
si gnal s- mayetbeThedenderuset’ e dordrbutiontio the FERAM srtherh geme vt orgaacatoiram?  at

t he BTS 104. smtted pilot signal is known at the BTS 104 and may
be reconstﬁﬁ&%@gd on know edge about the channel. However, the

over hpagyjsi gnal alhsughinbsferdiée cattellatiéh atnuibasatsaition RB4 Jis detetibed Beluwsthe
channel or data rate control (DRC), data source channel (DSC),

acknow edgeerespts hawiy maybe applied torrmergassdemmnalntPora ey atier copwonent of 2 -
transmtte . Si: re denodul ated, de-interleaved, and decoded at
the BTS 10 orﬂﬁlhglrcgfé(%{]@d&dgt ermine the transmtted overhead and traffic

chi ps. Bas®&dafiic Idedréerence Ogndellation ansnmitted chips for a given signal, the-

reconstruction it 400 may t econstruct the contrihution.to the FERAM
575 DI on cnARRARPARRWLEGeD AL B Pealmitep ki PHEMERE da: a
sour ce 200p5@¥eRGsdrE BRAs B ARAIPFARASE&TILY Hiffdiéht 98&9 4RI not Gthobdii fat BRVeEr

204 and/or nodul ator 206 into a plurality of correspondi ng "subpackets" for

transmit ti BFSt 804.heltsaeferes techpigres] Ghnt decreasee theabuerfarenceobetwoen usreiwills a

hi gh signal -to-noise-ratio.signal,.t iy 3C tain.

CuPt oi onimbBye e sl BAeimEREs of hATMA RveBHIRRC PlcnRYel R Bllived, |
ori gi nal da¢érinfae krteffifiont itysRmnatioa off aiterf@randeaiandeliation ke adeired QDMA 200
may. be repeated and processed into_foursubpackets. The user term nal 106

sends a fi PyteBypsEek EOMO2QMLIFAED A RgYAon 104. The base station 104 may
have fbogé’]' ativelgyl B RECRAL trinémdls 1£fi€ Gifot Yand &eHic R s@R4s, 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 sighals (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 repéated 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 signal, 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 ﬁr_ror detection techniques), the
base station 104 sends an acknow edgenent signal to the user term nal 106
to stop sendi ng subpackets. The user term nal 106 may then send a first
subpacket afbpackeesw Plachset terin@6 106 Fdnels adirstr sibpadkaktoahe PcRéatiandidgl dke - H- ARQ
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approaches are erein for re-atte enodul ation and
decodi ng ol0direstsp adridéng subpackstshadihe userstarmigabdmbay drentshied & ERAMIGRket

| nt erferencte cancel | ation fromthe BTS FERAM 312 may be efficiently :

i npl enent eBf 3 BEYMREGGht for asynchronous CDVA systens, such as EV-DO RevA,
wher e gdgfir S 11 anfdirbyedidd Rhk BF mk%vAC&ﬁﬁlagad }pAR@tIsIG al')dwhéréféabﬁ l%LélldSta| s
using Hybrid-ARQ This disclosure may al so apply t

EUL, and cpank20i8®rofedds®]4 subpadkets mdmn$mn@dc@a@aﬁ@réa0b®s¢wrew1th)8 ﬁIQSS be
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correctly (68 fmaybeginise nahsrhiddiony @CHllfﬁﬁdnt EIoOBbﬁﬂiﬁn%i &ﬁ@ itttk €fdrewht -sTotC on
actual CDMA systens such as CDVA2000, - EV-DV, and WCDVA are addressed
her ei n. Mapippaskets@f edifferst é’ﬁ%fsa?félv%aﬂﬁs@é B?St prynehyepoushat r Big effowts ffs have

user aSynCeryQIQp(rogﬂgl 5’}/&3&1 fom dé:s%n @Pﬁﬁ@fe?enc%ﬁggon receivers for H-ARQ
and CDMA are descrlbed 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
fe-attempting the demodulation and decoding of users after others have been removed
from the FERAM 312. Interference cancellatibon 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, and
¢dma2000. | ‘

.[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 CDMAZOQO, 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 allowing the detgction of two different users to
interact. A TIC nethod may involve a hybrid of successive interference
cancel lation (also called sequential interference cancellation or SIC) and
par al | el i rdabsiemndave aneelabaichrony drndutlybsdi ARQL. ntRor f exaepbs CRNREIOOAL | On”
refers to any al gorithm which decodes sers sequential ly and es.the data
of previ ougﬁ?‘&%%ﬁ’d%ﬂe"{aéétsgr faga E"ﬁ‘ﬁ’%t}’é‘ GBY 4R HEFCQ Prevsyt £Xqes H"rﬁ'ﬁf B ¥&r ence
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subtracting all decoded users at th 'e same tinme. [0065] TIC may be different
t han pi | ot Hybtié AREQ whirh ivtiodisks mprqihal(mﬂcgosslmﬂeda@a l‘eflghhence bet ween TI C and
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that the transmtter and the receiver i1nteract closely on the traffic

channel t hd@eqiiont afetwq diforens usersite dnterpgle  AeEF vagtherdbaigy Hayolkh 8hyPHE of
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Simlarly, i1t esira 0 rermv Qver i anne romt ront - end
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over head dEiers @y alaprathmswhich degadas Bsery sequeit M@n aeesthoate of BieRoHYYt he

overhead NBS3AELisers H86#h éu&cp%&%hﬂﬁmenteparrﬁle@%eerfe?aﬁeldaﬁtemamdetéfeﬁs a
class of nethods. The chal n rule of nutual iInformati on shows that, under

i deal condbtoadlydo dseoslingsusevsatithet sanfegimenansl stibtraetingali dagodesdusarstait thesamie
capacity OE a multiple access channel. The main conditions for this are
that all Bfs are frame synchronous and each user's channel may be
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exanpl e of power distribution of three users (user 1, user 2, user

wher e t he between {iGrandi PIG isthas the franymyfed) ilgt E@%lr@sW%quﬂY@é’r gle

- 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 méchanism.
The receiver does not know the transmitted data sequence until a user is successfully
decoded. |

[0066] Similarly, it is desirable to remove overhead channels ﬁom the front-end RAM,
in a technique called overhead. interference cancéllationl (OI0). ‘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 achiet/e the capacity of a multiple access channel. The main
.conditions for this are that all users are frame synchrondus 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 fromthe users in decreasing order by

transmt power. Starting with k = 1 (user 1 with highest power), the

recei ver attenpts to decode for user 1. If decoding is successful, then

user |'s coseris bistricied touseha pagicelar echnsmg paiver,s.g.onsee @ aambng tsht raapdvedt based
call ed frane nchr.onous se fial
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cancel | ation of the previously decoded Users' successive interference

cancellatlémhwm©@¢0] Unfortunately this approach nay be very sensitive to
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operation has, a nunber efits to the m as 0 exanpl e,
processi ngnFolesn %}TFEF‘H%f Rth}'éﬁ‘aw hf“ﬂ‘ Y er %é@iﬂ&gﬂﬁﬁ ﬁﬁr Pﬁ%rﬁ e a
more uni f OEiﬁcH}?ﬁE)‘ﬁ o@E}&fﬂrEﬁohﬂy HbdBRed hgerm,n&de@site intdrfiEhce LasdM RS M anong
users requires a burst of processing power and network resources at the end

of eafl#70rane bbafutangtely, tie approaghanay weukty sinsitiys ta dreettiog earors-hdf sane
time. Wth fr nchronls the BTSl ser he
LLTe ot bR NAGR! DS ioHt BE uFEoL" s B SGERE RoHIBNY SR fdludhe
[0072] FI Qnt&f&&&%l@m&ﬁfﬂﬁbqsmy of allffbncmthg neesfhsgbe dbﬁdrélybitgtadadf or
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a snapshot Tbm 12y prescntradk wsers ?ﬁ“dtﬂ‘a%léqlﬁtr omdgspdimg orAnpthsr @awéacwfﬁéls
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is difficult to ensure in fading channels.

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 mofe uniform usage profile in time. In céntrasf, frame synchronism among
users requires a burst of processing power and network res_oﬁrces 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

A been decoded and canceled for all users, its contribution to the interference is shown

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



crosshatched (users 2 and 3). In 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] |n 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 symetry bﬁtween users in ternms of power

| evel s and error statistics if they want simlar data rates. In general
sequential interference cancellation with equal user data rates, the | ast
user is reéetored 2WH ofahy idteferamedias bech iemoxtd by JIC befodegdeodmgtFrametihe
successf ul tdecodl ng of all prior users. Asynchronism Hybrid ARQ and

I nterl aci n@ -DO RevA [0075] FIG 7 illustrates an interlacing
strucjogsf (e.g. In mﬁe&%ﬁa@sm%uﬁeﬂ iharIGRe Iﬂ@t FefBekabepstdtuserdle.gARQ
channel . Each interlace (Interlace 1, interlace 2, |nterlace 3) conprises a
set of ti n’esalgaggelr@der@@m?lmergrwnhl s exanpl e, each segnent is four tine
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rather to start a new packet if desired. Receiver Architectures for
| nt er f er endata@acketd dralta Iin ARSDINNgl tHaclyiingerlack dingratage bf inteeloeriddnigtlages3)i s

d d d
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BERAM 316. [0078] The FERAM 312 stores received sanples (e.g., at 2 x chip
rate) and Pigtien e are three interlaces, and each segment is four time slots long. 'Thus, there

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 deéodéd using .only those subpackets, and the receiver sénds 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 chip fate) 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 hi another
configuration, the FERAM 312 may have aﬁﬂgngth that spans less than a full
packet, such as a length that spans at period froma begi nning of a
subpacket of a packet to an end of a subsequent subpacket of the packet.
[0079] TheokiAM idfdvfesdnoe asked qrianetul Iatsed‘I@mtniVer fof atdystemewethie¢dARQ} theas

generated by t denodul ator's rake r ver

di fferent 43, SR Ry Hdfuf-&e e 19 ﬁr@%@aﬁ%gﬁcgﬁxﬂ@pﬁ’é’adl ng
Wi th the usfhiraSRGEbf inferfRine6rEso8ed GRReL. %%bﬂief‘%rﬁfg%@ﬁi%n%gﬁmmef@ Bot h
a TIC and non-TIC recei ver may use a BERAM 316. Th RAM 316 in TICis

used to st mag hdesraderigth Bt spamb diss thpn epfték/pa@hgt susbpascklengthitheitspansea Hmel onger

di F M 312 whe h
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or whenevepf e phédet.exi sts fromthe FERAM 312. Met hods for Choosing the
FERAM Length [0080] The size of the BERAM 316 and FERAM 312 nay be chosen
accor M07Y t o valheBERAMHSHHares danoidated syynbels of H%edé%f'é‘éqdr@tsﬁv@mrafetdansf er

bandwi dth { 3 r i ] of
the system ﬁ{r?&ggﬁ)ggﬁ’l% gbﬁﬁﬂ}segﬁlwl?lg‘hg?at%gﬁlgm%%‘%fsdlﬁgggene its o TIC
will be |i thet dehhodilaeé iyhxboh;l dmbbmuieﬁabj(eiespvehdmglomﬂbehmpﬂa’espdclﬁawPNhe

ot her hand, a short(ff FERAM 312 vyi re u ? avg &Qem)dul ati ons,
subt r act | oFRSUSHRS- 31 EABHINING ASESS B Dol 31 B0 paCIC Fgyr Tay

i nterlaci ngee @Btm%epqqﬂéeémmn@mbmcﬁ%éd toeﬁsﬂa &H{bﬁﬁﬁl‘eﬁtsyhib%m tted

in 4 slots) would span 40 slots. Therefore, a 40-slot FERAM may be used to
ensure re npmaiousfsubpaqkets tifat are e longérfssereddn 8 |FRRAM| B@8@henrthegF |13St r at es

a 40-sl ot EERAM 312 t S S e VA.
Wienever d%@v&‘%&%‘é@ﬁ ?Eg;ﬁ% czﬁl\?mﬁgﬁ%“f@ EP‘%:%C& ?ﬁhtfrfor &%a{%% packet
using al | hignpivaidbcidealey BRe ketvBerkhver £6lof émitmoﬁliﬁé\mm 314. decoding is
successful, then the cont r| bUI on of t hat packet is canceled fromthe FERAM

312 by rec Metheds : b contribution of all conponent
Sprafdﬁ%]S (1, Fpe %lzeocgf 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, each 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 of sequential interference
cancellation (SIC) with no del ayed decolgi ng. O her enhancenents wll be
descri bed bel ow. The process starts at a start block 900 and proceeds to a
choose del thy dapaiility3iFre-doingSthe, denfeiutation sed diet@ding lof mker9©2 premiolreframet t ed.

I n bl ock 9%3 the BTS 104 chooses one user (or a group of users) anong
those user¥§fat terminate a subpacket in the current slot. [0084] i block
904, phegndul at op B0 damRelitah egensAIMhARoPbf 1ITE E0SERxhBFlk S SefaRRGd et S
for sone “or all tinme segnents stored in the FERAM 312 according to the
user's sprmmfer@canmogﬂamm(ﬁlﬁg%@quedré@edélgcmg @ther gnhanseents tell bat i on

size. In bloc decoder 8 . at t t:h t
ising the SRedalBonERTRE T At Bba: o SRFERRG T LR BRS
denodul at eglofiESEIV mas0), B cl{oaes%&la)l Blobkt 06k i3} Be o&ﬂi&edieﬁﬂlﬁiedsk 8033 tigy BEYOt her
unit may determ ne whet her t he user(s)'s packet was successfully decoded,

i .e., passhi %moeqsmp uggrdeKa gsqy@wfager@sqm@géhw&swé that derrumate § seaeket Cro) .
[0086] If ﬁlgﬁ gket fails to decode, a NAK is sent back to the access
termnal 1 918. If the user packet is correctly decoded, an ACK
i s se[mosd]o t he }mcbm}s 90et, ndenadduldiGr Bod klemokula®8 santpléesndfrtherchosea user’s

cancel | ati on erforned in blocks 912- 91 Bl 9 e ates

t he user s?‘lf;’ﬁé écfl@&sg'i“ﬁé“t YIRE SEERTYS & g‘Haf?‘ m@n@wﬁ%&]{] %‘
response aﬁ%@r%@ﬁreﬁ&ﬁ@%ﬁh%éfaﬁﬁﬁh%%e dehéeea§ weﬁla@% i9 LAnsIkibAGHS. Hh8lock
contribution of the User fromt 2, thus reducing its interference

on users t9Rfi, thavdecader BE8 M&mptdetood@@de [tbG)SWS]er umhetbusmgf@plm@oaﬁm
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new sfoags)i S i NSgr bl%dklngOO théQlebdRAN08 1ar amsihdrhenierhdy detpfrbine Sehdtkerr peat ed
on the next slot. Sanples may be witten into the FERAM 312 in real tine,

i e., the mser(sEmpprkehwas suersrsfullyrdgcoded, irc tnagsesian fé(ﬁérﬁh aks SUEl} ps using a
cychc redundancy code (CRC).

[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
terminal 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 channel

-impulse response and the transmit/receive ﬁlters;. Block 914 subtracts the contribution -
of the user from the FERAM 312, thus réducing its interference on users that have not
yet been decoded.

[0087] ~Upon both failure and success in thé 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 néw 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 written in every %2 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.



[0088] FIG 9B illustrates an apparatus conprising neans 930-946 to perform
the nmethod of FIG 9A The neans 930-946 in FIG 9B nmay be inplenented in
har dwar e, weabésvi®m10or a conbi nati on of hardware and sof Peans2dsohsrds f or
Choosi ng a Decodi ng Order [0089] Block 903 indicates TIC may be applied
either sequentially to each user or parallel to groups of users. As groups
grow | arger, the inplenentation conpl eghty.may decrease but the benefits of
TIC may decrease unless TICis iterated as described bel ow. [0090] The
criteria according to which users are grouped and/or ordered may vary

accordi ng Methéds foaChooding hdeeelingaDrderi on, the type of traffic and the
avai | abl e processi ower . decodi ng ,or.ders may i ude first decoding
user s[U8Y are néi"t“lgg%ygf ﬁ’?l%@%@%o%@ya%a ’(?daerl&‘eﬁﬁg‘iluepﬁébf ?P EEFMBEE L. The
criteria fgiafahbedupdof ird. aAg 9810 1ak g2 Nthd lnfap BB nialich ¥ekRplek A
Payl oad Si geaand %GSB '(I)'he Ir3TS 1 4%&? gr ou% or orrgger users acggrg?%éa]yto t he

payl oad si decreaspbutdbe benefitsoiokifamay dearedspyniessobtC 18 dseated astiepiriigd elowr ansmi t

power . i -e., highest. T2P to those wi. t i e i ng
hCon ot o FRE TR webRdnisTs YL @Y ER, elbbea FRARY PRI hACTRY' 09 o
the nost i aéRrdifg @6 Cie t Btedbolifedhatfi€r Saridtidfd e BpeSbiNRaffitcanBTthelBvhilably

decode users with higher SINR before users with |Igwer SINR since users with
hi gher SI NRIGSESSEIZaPIGhePost dpeasing piderss maw daclndey firsh degoding @pers Whonatsi ni | ar
SINR may b [ . : | ol | ME
varyi g t nESIGRSTES (BREE AR Wi 8Es kel A ok e cyid RO o |
in order tiargst gaind faem 8iCappyr mpludat e ordering. [0093] C. Tinme: The BTS 104

may decode "ol der” ckets (i.e. those far which nore subpackets.have been
recei ViQ1lat the%‘l@%’@&%‘@ rﬁm' nt]%‘eﬁfs r}gé I?@tysg.ro%?rsoré%?sg’és arcé?rlsdértgt% t he
assunpt i onyehal1da@%siZR, Sd/&odeh bafet Stapttd H6R thede Wi highBstdRAmitRRGKEL s are
nore likely to"decode with each increnental subpacket. Methods for

Re- At t enpt L.aghighess di2Pgto] hosel ithhlomesteF2R: espding apd remeving gl ddBdiserst s
interferenge contrli i i.s,subtracted from FE 312, -th | ncr.easi ng
t he potent %gfn %F@Wéﬁ%paﬁ&eo%ﬁeﬁt S%éﬂefleét}ssg}csew%a?au%eemg%rlr%tes rg%l%. trOI t is

advant ageogthet @sefscpeat the attenpt to decode users that previously failed,

since the interference they see nmay have dropped significantly. The,
[0092] B. SINR: The BTS 104 may decode users with higher SINR beforé users with

lower SINR since users with highef 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 fatio 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 interferehce 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 ne slot is available in the FERAM
312. In this case, each user is attenpted to be decoded once per processed
slot, and this would correspond to successive interference cancell ation.

[ 0096f00@s] |t er afAlL v@umndddngt@imﬂieaqas a choicd®f atwingstertbe nentdfutinanslonorceper
processed slot. The second an uent coding. iter t|on i | efit
Pr om & he. A Usire B ieeR AT EMED Faroraed i tenet: ot prsoraiem PerERANS.
Iterative gde£ogi Mo i IeQ@n &ef RattePRd s IbeidtSied DRESp@ Roctsseadest, Add tar al | el
wi t hout intervening IC. pure iterative decoding on the current sl ot

t he chooseW@Blda;ﬂntﬁﬁmld tgez:cmmednt@rfmye saiceldationhe same slot (i.e., del ay)

mul ti times. n ere e

SubpalloB8ls ana B deTait's s tt saana S citebt siahrishe Batcind S Mo iR
avai | abl e 51@bpﬂ€é<€é®nd rhthﬁletEfBéM dedodappiadtiog will bdnafit Peakehe cAidetd
attenpting to decode packets with a subpacket that termnates in the -

current ti igerégrence(of decodgdsusess om Prewous Hteratienss r Herativy fecoding Fﬁ@sr%&ﬁ ver
Eray attenpipto nﬂﬁtﬁﬁg‘ﬁsé}.@&lj@%@?&eﬁ% P ?lEFQ fl ‘?Htleﬂfgmhﬁeéh‘%’vi?ﬁ E?He%é?at

.e., users on the previous frane set etot arti over
anong asyndérodimgien t]nseeuﬁenttdim thremhaemb daidyeblbek 802 vookd smpbmclmt thet daate
term nate mﬁ_&he C Iot wi Il i mprove the chances of decodi ng past
subpackets t;ymHEs iterated by going back nore slots. The

maxi mygyfel ay i@, fmek\t&a%whlhg NKHAGKL NP dehﬁia%me%%usghcm anli Miferdpackwar d
decodi ng.” [0098] D. Forward decCoding: After having attenpted to decode al |

packet s- wi tlecodabp pokket sbaseditont écmvdual@telg allt feailobler sabpackietst in tﬂhﬁe RERAMy er
may al so atte e Ir et is
W tten | nbUTERR R e etk Te B8 BagdRiat ¥ bR i oo

users aft etermirfestin@hé cdréi Gk 96t (ﬁ.h.e usérk alths dhpag lffatnetmm)pﬁm&@e@ ved.
Met hods for Updating the BERAM [0099] In a non-TIC BTS receiyver, packets
are dec Odemayﬁt@@p&-g} decpde pagkets that failed decoding in the previous slot (i.e., ‘'users on

the previous frame offset). - Due to the partial overlap among asynchronous users, the
removed interference of subpackets that terminate in the current slot will imprcve 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 receiver 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 receivet', 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 exityconsi der136t lons, it nay be desirable to
choose the FERAM buffer length to be |l ess than the span of a packet (e.g.,
40 slots are required to span a 16-slot packet in EV-DO RevA). As new slots
are witt econsidemtions, iFERANMe3ERirabldychoosd thedVEERAM bwffarHengthh thebe lessitiphes i n

the circul ar- buffer. Therefor new slots are receiyed the ol slots
are overw %Ftsé’ﬁn ﬁdﬂ‘ P?\cg(e{jg%%dgp sgg%aw {qquggcg t%%/?é%éfcfto‘?acgﬂe@eggﬁéosl ots.
It should Rewilgz?tﬁglné\b%lotﬁxz@wrfenanﬁi tH€ RERW 33 B Sihey olRICVeBfritethé bRIe§IERAM

312, the BERAM 316 may be used to store the denodul ator's | atest

derodul at eshmaplesisl the carerlar hufterd Therefore. e TERRARSrRYeceived theaeldenslobcrist as
Fio. mai - opty SheSh 8B pdelfnaclos i i R H9G8° bl BERR 1o lBdeC,

updat e:  ThaotBERAMe3d® if ®givenuabpacket is polaiteidinothe \WERA MO 2 g BER AN t316a
decodi ng attenpted for that user. this case, the update_ of the ol der

I n
FERAM s| ot BakibgHisedh&r stoem thej demodulatgrisdeiest demestulated; syrabpls, (defermynadpfzom s o
i s not dec r | k8. : EER@, woht
slide out g’%ﬁ%%ﬁ%zﬁlgﬂ;ﬁg&%@h% agslg}&@gdlgit% t e%?l e towéghggelgo%gd) .
[ 00101] B. d&lodingtyaseds.uPlkat ere tivio noaisleptidns foutheypdap bbihe BERAMENSE i t s of
TIC, the BERAM 316 for all affect u S updat ed wheneyer .a sl ot
ox b 5 BERGM 3122 iU EE o Beets et heo RERAMO | Bl SEE 7 HHPRAGREomF Bt e
i nt er f er enggnjeatibh 3Gt PBecdang a8Bmptes SRR s3E 2 thidtchad ﬁlefl.%ﬂat@@ﬂ aR! J1ag

Interference from Subpackets That Arrive Due to a M ssed ACK Deadline
[00102] | hNFEBAM slots nrightenat rhengfitabe SHRYMUE Ha farya Eiven juserr ddbatatserisoretay i n
t he decodi rocess, which i art] I B [$grative
or backwar g&ggﬁ‘gﬁegn apgoﬁ%ngdt.n%ﬁ“ﬁlr%’ gl(eéﬁla{’? alrfcéyﬁ%%iggglgp\g%?@égléfgﬁtdg glf at

whi ch the REXANRS1DBefoedthat et RattbmprREMD bé @codsdyor der to stop the
transm ssi on of subpackets related to the sane Packet hi this case, the

recei {10Hay st By [Slethascdandain: alfeoreer o delbeelent thedepefith gt BIC-uls HERAM
decoded dal 15 AHREEAG udtd mafb¥ uplifte® WHen WP AT Hichs PR AN 2! NS €
’ case, the content of BERAM 316 includes all the interference subtraction done on the

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 introdupes a delay in the-decoding
| process, which is particularly relevant when eithef iterative 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
thjé case, the receiver may still take advantage of successful decoding by usingthe
decoded data to subtract not oﬁly 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 th packet may be canceled fromthe
recei ved sanples by reconstructing and subtracting outthe conponent
subpackets. Dependi ng on conplexity considerations, it is possible to
cancel i nt éref emgoaentfsubpackets?, Dépending audpmadkatyscdngidetationsgt & passibkerto

hi story of sanples. In gene i, 1 C e plied either sequentially to
each user GPCSFHINFTRRSe g’i‘mhi{ei#ss of ‘ﬂ)g‘%&?keﬁ stfgnglallaggerréxgsg%yg?rs@g%lle er
sanpl e buf iefendfal [AImiPbE S PliciRIthdStqRAaaNy & dkh Lid¥Rr b glupsler k@l s and n +
24 slots. For illustrative purposes, FIG 10 shows a single interlace with

subpad0dd4 f r onFiGriddllugeates ageeciserssample hndtes 3 i af thegedtingg mstanceso slet gtei ght

the interferen cell at,i rati it recei ver. s l e
but 1 er - 510% 1 B B 98 F88" Haralullaile Fuftfis, K16 18°FokSla, SHIR,
EV- DO RevAitisrlate 40itls | sabpdetttts efromi theee Usesewhs erd oil dies sdigd \fdie offsdt - sl ot

subpacket) . Undecoded subpackets_are shown as . shaded, Decoded, subpackets
are shown Aighlighintgdpterfaranpe canrellation opgration WidHARQe ahBe rediveEseRPlei ne
i nstance c tﬁsﬁ 014 L{1i4V% fma %@@&Jétfﬂg\;_ RevA
interl ace.B% S 299?5%1%%39 451‘1%&}%8?&2{&&%?% packgtos ar téjtgore?’ectl.y
decoded whbyea 40hdot ltffes tsinsa e last § sfotsolmtis@r sach 4aslat Sibpadkiet)t dmilecarttd.

[00105] At t.i instance n +1 | qt s,, successive subpacket fo.t

[ nter | ace. AIPGEYRE AOGHR 8 e cBecidrd SPEaEThas FhoRa A pshadedin -
(unshaded) spvBRAGKRIISAre cartefddd Bachlhithé nﬁmb@eoﬂrésgbm@ fhe ‘hirdva bPhfothdtacket s
fromUsers 2 and 3 successfully decode. [00106] FIG 10 applies ICto
groups of- aehpackaiion the iateslace.hAt slahimp ma Riserok’s fawr stased subpaeketioare pemrectlym
successi ve jinterfernenc ncel | ati ¢+ Dl u j,. cl assi cal group

I C, users flﬁcotdﬁ Wk egl?t%gtpS%g ac%%)s(%{égﬁb%}%gﬁmsr#g??%?g?\%e cancel lation.
Ther efjgp105] as t ¢ timenipetaned n 4d @rskots, SucegdivelpubPpackuss bathgdnterladecarrive with

i npl enentation conplexity decreases but there is a |oss due to the |ack of

cancel | at | SHerbweRgserAnaelitionoo! Lserss hredsspeash (ymshadade sWBpackEiEchd? fgdatt enpt .
However, Wi, EhifRGhsthile o ﬁﬁfél&@!pa‘é’?é{é ﬁoﬂ{lﬁé‘e&‘m ah®3 6GRAGIAl decHFEr S 1N the
group after eath new subpacket arrives, allowng users In tthe sane group to
achi eyad10s]t ual i BIGerifOespplies ICangrdUpatafasersFolio avcampthe, savteeinarhé effpeichett of

User 1 decodes at tjinme n, this .hel h k ) rs 2 )
does not per%onn successfve nter ersenge %m&%ﬁatle(}nsw?tlnnuﬁx% gsroup. 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
: éomplexity decreases but there is a loss due to the lack of cancellatién between users of
the same grdup for the same decoding attempt. Howéver, 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 Cancell ation (g; Pilot, Overhead, And Traffic
Channel s [00107] A probl em addressed by1 his section is related to

I nprovi ng system capacity of a CDMA RL by efficiently estimating and

cancel i ng Jeint Interference CanédlationcO £Piléth OvbriwadsAnd ToafficChavels | n general ,
a RL user's signal consists af pilot,. overhead and traffic channels.. This
Secti BRTUBScr i DAPrabipg Hiester n st s g FoarpYioe siseB AR Y 9 2al |
users. [OOEPRATRIEDS effQeRBPEGInTatiAG MM daBEblinkithditi-use RitdifRéhck Gt (#d Gasel S

i ntroduced. On the feverse’'link, overhead fromeach user acts as

i nt er f er enstetierorestiyeral b generdl) a Klhwvserigsegnal consisteat pilefs everheadeandgyaifigat e

i nterference due .over-heads. . l.]. r a p nt age
of thet ot SreTHEeris BR0e Bnapt Rabint BUS: baRbR, AR i SRORLEATL 0T
over head i gdegd.f erence may further inprove system performance (e.g., for a
CDVA2000 | XxEV-DO RevA system and increase reverse |link capacity beyond

per f ol0fife andThepdwpiaspesimsiessabedyy Fstcoysihead) I (PBo 18 dntragiicgtha On Msor t ant
interactio '

per f or mné%%gﬁgq lﬁg’r g\\l/\eg}eg@l(jﬁﬁ %g(glsgggegatars g‘ég‘?ﬁ % S. B‘%@lf‘ogsqv\%ﬂsﬁgfrlrgg o?réghgég%cr i bed
on how t o Bestachaisty the apgteghteriaterfeamceldhata overheads dgallestherSoes may bbave

f in, and . h : | exity adyantage. F
exampl o, ol perefagref e I st ireencs Bvasosd PV Baror REPOREE dhet or e
decodi ng apyreued B@é}‘ﬂeaﬁ;‘iﬁte&feﬁéﬁlfcé Qnalﬁgﬁﬂﬂ‘l%} fmprol€ Byi&h %@ﬁnﬁﬁk@ec(@%%%ﬁ at he

users' overhead and traffic channe in a sequential manner. [00110] This
section i'sCPA4A200n 1GENHRO0BevA EXstDD Rad Anetpaseerayersadlinkh cgperatyabeyopdl i es.
to ot her systens, . such as. W 00 Ix, and CDVA2000 Ix EV-DV.
Met hods f oP®h %ea%%&gﬁcﬁtglagﬁ&%mq fi6n'100111] FIG 1 1 illustrates a

RL ovpplend chapa®hg, fhpstehtiifteratiohs amoh®PIEV-ODO, Ray ATICThRY deraswstiad t ypes

of overhead channels: one type is to assist the RL
through system performance and hardware (HW) design tradeoffs. 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 traffic -
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, CDMAZOOO 1x, and CDMA2000

 1xEV-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 cohtrol)

channel, DSC (data source control), and ACK (acknowledge) 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-nultipl exed qR a sl ot base. ACK channel is only
transmtted when acknow edgi ng a packet“transnmitted to the sane user on
FL.[00112] Anobng the overhead channels, the data of the auxiliary pilot
channgb1i2$ knowAmmnp ltlhe)as\ierlmad t:hmnlelscﬂie\data oflthe pefibary pilet chanael is Engwi aar y

pi | ot channel , denpdul and decodi.n ce for.this c annel

Pnd t ho. auB a) B SFEBEr RBFTRIBFS My 5o PHBURL PRekr B et uiahsty 6

about the ghaangl areTH&egsegpm&t fHi¢ tehanX hhd 3Ry aRkiliaty pRYt RRaridel ?ma;, cbel p
n

rate resolution and may bé represented as (over one ‘segnent) df ]=
cf [n- n} vwecetmtru[:wd@amd ordcnowle@ﬁ abogt the chgmel. Etih@tqcotwnyclﬂé@oﬁ%wmltced

The 11 ngoraugbar? LeRdaltt ol bu S AR Gprebehe T Pl PR Sl oo

to the auxiliary pilot channel Gaux is the relative gain of this channel
to the primary pilot, is the estl mat ed channel coefficient (or channel

whi ch b th
t?lsfgpsfeamct: gnpé[? gi%&oli‘cfgn e t‘ tr ?m?t/(?'pd?ﬂe éﬁgmtahrﬁé fsfeélelsvere

| ow- pass filter of chipx’resol utlon (f is assumed non-negligible in

[ ~MIC, MIC] ), se f (i A hpa gf nod 4
and df = | A ‘[gf[[%’é-{?é] r‘ih(ﬁﬁ’;é on Hﬂj% dl% gﬁ‘ér@éﬁg&g%ﬁ% i \(/)\?m §:1hl_| ncl udes
DRC, DSC, and RRI channels, are encoded by elther bi orthogonal codes or

si npl ex codes. On the recetEver nque Ly & 10? t he denodul at ed
outputs are first conpared PR A ?oﬁres ﬁd‘arﬂ? e output is belowthe

t hreshol d; an erasureis declared and no-reconstruction is ‘attenpted for
this si gnal O herwi se, they are decoded by a s bas

maxi mum | K&heIsoB EorgEnonde {@ ekipr ] SHAPKIE FS belsi tﬁg%ﬂ%ert%n EcBdds theoRN;
FIG 4. The decoded output bits are used for recgnstructjon of t he

cor r espondsealeRIfartyel:, isdhe Yrbshrcads agyignedgto ﬂFﬁé“’FlBE‘EXr@W GBawgl Ggnas s or

t hese channels are given as:of [2n +d, |= doGo . % 5U of [2n +df +l]=
cf [n- njwelgtive gajn efdlhs chamel foft pztn@g,f pljc}t fis Jagthe estlrgﬁteqifghemnel coefficient

(or channel response) 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 [—- MTC,MTC]), 7 is the chipx8 time
offset of this finger with @, =y, mod 4 and 6, = |_;/f /4J.

>['00113] The second group of overhead chatmelé,'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 compared with a threshold. If

the output is below }the threshold, an erasure is declared and no reconstruction is

- attempted for this signal. Otherwise, they are decoded by a symbol-based maximum-
likelihood (ML). detector, whioh 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 givén as:



Equation 2 Reconstructed overhead (DRC, DSC, and RRI) signals [00114]
Conpared with Eq. 1, there is one new termdO which is the overhead channel
data, w Woizsodidhie7eal sh cover, and Gaux represents the ocenseasdosdrannel
gain relative to the primary pilot. [00115] The remai ni ng overhead channel
Is the 1-bit ACK channel. It may be BPSK nodul ated, un-coded and repeated
over half a slot. The receiver nay de ul ate the signal and nmake a A
har d- deci si on on the ACK channel data. “The reconstruction signal nodel may
be the sane as Eq. 2. [00116] Anot her approach to reconstruct the ACK
channel signal assu es ¥he  de dutate? nd o nulat d ACK S|gnal after
normal i zat i oﬁ,r ﬁyk’s‘e Hiod Vas ¢ vf ¢[J ”x— Pstlde transmitted
signal, and z is the s’cd‘l’ed n0| se termwth varlance of s 2 . Then, the

Lﬁ?ptéie"“"@?tr&%ﬂmi}"s e ek ol tering B T -0R0 R L) "

1+Pr(* = -1)- (- = Xt p(L) ~ + \| =tariht = tarihf s J) Wnere t he tanh

function may be tabul 24u86bn 2 ReOniRGQINSERAC LIS, 6§Ka§aﬂm&gﬂaﬁ very simlar to
Egq. 2 but with the exception of replacing dO by x general t he soft

esti n0bl4hnd cafe@ppdivoth Bpph.dhem is pRune deme da“ﬁlétlvért ¢ avfrbtadghappel
performance since the receiver does not know the data for sure and this
met hod bri 93§& Whe ichaWdeheer.apd| Cintepreserts theoverhsad chypebeain rslaivgdaer al
may be.extended to overhead channel s nentioned above. However, the

conpl exi tyhéﬂmf”f%)’ﬁ’d mum aposteriori probability (MAP) det ector to obtain

the L r eacqp| &%&pﬁ\g%v%mg edrn@l isvthw LBt LK R, 9f maf Rl 8BS ON

bits n o e code sy 0117] One efficient way to | npl ement overhead
channel r emodlslated;:tlm-oudedsandn@péatc(geve,r half a slot. The receiver may demodulate the

signal and make a hard-decision on the ACK channel data. The reconstruction signal

‘model may be the same as Eq. 2.
[00116] Another approach to reconstruct the ACK channel signal assumes the

derhodulated and accumulated ACK signal, after normalization, may be represented as:

y=x+z,
~ where x is the transmitted signal, and z is the scaled noise term with variance of .

Then, the log-likelihood ratio (LLR) of y is given as
S
Then, for the reconstruction purpose, a soft estimate of the transmitted bit may be:

% = Pr(c =1)-1+ Pr(x = —1)- (-1) = %g%;_i_ tanh(L) = tanh(%y),

where the tanﬁ function inay be tabulated. The reconstructed ACK signal is very
similar to Eq. 2 but with thé 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
aone. However, the complexity of the maximum aposteriori probability (MAP)
detector 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 finger,

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



may scal e each decoded overhead signal by its relative gain, cover it by

t he WAl sh code, and sum t hem t oget her, then spread by one PN sequence and
filter thwougds/dosichannel scaled filter hf all at once. pEmius2008tinrds My
save both conputation conplexity and nmenory bandwi dth for subtraction
purpose. cf df -hf f becones ( cf df hf )f f f Joint PIC QC, and TIC
[00118] Joint PIC, AOC and TIC may be %\'-irforrred to achi eve hi gh performance
and increase system capacity. Different®decodi ng and cancel |l ati on orders of
PIC, OCand TIC may yield different system performance and different

i mpact s onardyusinéierm tdgsthgntheansptead bl yne PNGekierst ad ditteOthtouvishdhd tlianhelget her

(First Schenmg), [00119] FIG 12A jllustrates a hod to first performPIC
and then p%ﬁakgrf[meﬁ];@géﬂd‘t PREe-t ’étrﬂ%tf“.’ Wé?"eag&aﬁofnpb‘%’é% cfﬁ’@%’,"nﬁ'ﬁl@‘qn

receiver derive el est | L.Qn all users and perforns power

control intTnSinba%Q%ﬂﬁgfrn%é{r%}ém% c?gg'data for all users are known at BTS,
they may be subtracted once their_channels are estirated in PIC bl ock 1204.
Therefore, all users' traffic chahseds hafdbecemesi n réedd)€hannel s
observe less interference and arefable to benefit frobmthe in-front pilot
cancel | ati on. [00120] Bl ock 1206 chooses a group G of undecoded users,

e.g., whose.: t apduPRackets termnate at current slot boundary.

Bl ocks 1208+ OlG aud rhead/traffic channel denodul ati on and
decod[06§18] | n bl ikt RIC] DICoand, TG enay be esHomddytodechiryedhieh perfermange #ndi | | be

reconstructed and subtracted fgomithe fronten . ( FERAM r by
all users. ml%fe&q:eksyf%ﬂc%‘élbks Df\’\ﬁgrfﬂteﬁi]ecf’%lg éélgrc g“%%%‘nugre%? i ?@Héé?ggeaﬁg Bl ock
1216 term TRt efaytyidd QiftGeaSsysteAOdetfdrmaf®® and different impacts on hardware design
decodi ng/ reconstruction/cancellation may be in a sequential fashion from

one user i¢PWPIG¥IBUP to the.next user in the group, which may be called
successi vepigtF%rSF ﬁﬁgﬁqcc&ﬂ&qllbafq' %Eheg;.'(i’irgﬁ &egi&ﬁroach, users in late

decodi ng o e cancel |l ati ons of users
in ea[doi® decoBiGhd 2er dhustratés aimgthod te frsh pprfome RIC santichere perdemaOIC wedr s i n

e e O ar e Dt Jo5E e HhS e O S0 Sl BT
| ower menopyrbapoyi-fiis Haderesardt fif bfdcRNoP! BehdenBe iIENHLE ForidIPusers are
known at BTS, they may be subtracted oncé 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., rwhose packets or
_ subpackets terminate at current slot boundary. ., Blocks 1208-1210 pefform '
: overhead/trafﬁc channel demodulation and decoding. In ‘bloc.k 1212, only the
successﬁlly 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 sequential fashion from
one user in a group to the next user in the group, which may be called successive
‘ interfefence 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 is fo decode all users in the saine group first, and then subtract their
interference contributions all at once. The second‘ approach or scheme (described
below) allowé 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



In both cases, the users' packets which do not term nate at the sane sl ot
boundary butoverlap with this group of packets benefit fromthis

cancel | atworosiitimi1cancel | ati on nay account for a maj or iPCy/uskooshes744
cancel |l ation gain in an asynchronous CDVA system [00122] FIG 12B
illustrates an apparatus conprising neans 1230-1244 to performthe nethod
of FIG 12A. The neans 1230-1244 in Fl 12B may be inplenented in

har dwar e, software or a conbi nati on of rdware and software. [00123] FIG
13Aillustrates a variation of the nethod in FIG 12A. Bl ocks 1204-1210
renove a siogasraip vidsthis groumof pavkets deneftidfirone thiesdnceliatoni Thid cnkellbAOR2 magl ock

1300 derives a ta based annel _estimate or a refine nne| esti mate
Dat - based SCRARHET & BRI TRL EHFag o B ERA Th ot P RERRGTONE Prisrb.

descr gagsy el owpdl pBﬂ‘llﬂtﬁQZtespﬁﬁfaﬁﬁﬂﬁtuE eemgﬁehg Rhdans 1280-1244£ WY& SForth fh%V' sed
estimate of the signal based on a refinenent of the channel estimate in

bl ock 1300me[1®@1c2ﬂ1f1¢ok2ﬁexéfm meanso b33 b4t waF1®m| bk snay2be implegenteduint ed i n

renoving ap_i,nitial naI nal) Pl [n] fromthe
recei ved SEWSTN@? S‘;’Fh“é%% 0555%’8{’%‘?%“% }fatr‘g’rvarg%iéélgéeﬁéergtl mat e derived in bl ock
1300, [dolag3)met how1d. Ofmlllubﬁ‘até@wv%ﬁdtl(ﬁi Ntk nesliddvat FIGPARA] . BIbbks Immhrinorray
then renove the increnental P2[n]-Pl[n] difference fromthe

| ocat i ons FeMQVees sigal Based op@o ipitipl ¢hagnel esgmpte)ip Slack Q2. aﬁl%ﬂspléggé%ves -
conpri sing 3 r 13A.
The neans TZN%Q%%Q &flﬁ% S&‘l’%‘p ]%?‘%nte%%ﬁﬁréég éh{aﬁepngsn%%?g%ti aﬁl‘larldware
sof t war e oestAnatemhaynatavide afbdtter dhanre! @siiimstof um/aies:nbl'e’dCb&mwstBltherBOQI C,
And Then TI C_( Second [00126] This. s cond sc is simlar to FIG
(O doccr | B BTG ke s FemaTeson HaRt GOrHEL Deasirms Ced ok 3s v
group of U§§{&nﬁﬁﬁoﬂmaté§gm§mn@ﬁﬁgquo before any traffic channels are
denodul ated and decoded. This schene is suitable for a non interlaced

syst efi0d24ice noFset exanmplacrondisigdithateblpeksi IAHdslad0 rgmlted ninj Iemevingcay nggxglt em

) d f
gugpacEgtsglng s 1{85’:3%(:@& %ﬁ%ﬁh%@sgyeﬁg?%c?t ??I lfurat(rj\lne su%%{]a(r:lﬁets in

general ar @eﬂtérrﬂhtaﬁlibl tegtivalehdetivad Gauslbek 3560, Shé Insdtdd Forinsbihe 8YisedT bignslf or e,
if certain overhead channels spread -over m)re than this tinme scale, this
scheme rmy esEeaad2(nl¢ ctheimethod maypthen remever the dreresaemtal BR[nkE¥in] difsrengel ot

channel Q?F’ duration format and may be

subtract edg[bﬁqgsg %?%CS%I?S EQ?@R?%? ead/ Traffic Channel Cancell ation

(The TJooies] SchelE(}. 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 similaf to FIG. 12A deécribed -above with the exception
| that overhead channels of the same gfoup of usere are demodulated and decoded before.
any traffic channels are demodﬁlated 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 subpaekets, the
tolerable decoding delay for traffic channel subpackets in general are limited to within a
‘couple slofs (1slot = 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.



[00127] FIG 14Aillustrates a nethod to performjoint PIC, O C and TIC
After a start block 1400, the receiver derives channel estimation for all
users andwpendsurmsipower control in block 1402. Bl ock 1404/ushassessa group
G of undecoded users. Block 1406 re-estimates the channel from pil ots.

Bl ocks 1408- 1410 attenpt to perform overhead/traffic channel denodul ation
and decodi ng. Bl ock 1412 perforns PIC f all users and OC and TIC for
only users with successfully decoded channel data. [00128] Different from
the first schenme (FIG 12A) di scussed above, after the channel estimation
for all usgsiant PilbOkedrbadd TraffivcChanmel € ancelatinn (JhiotThdod Schemedm FERAM 312

ri ght away and C estimation is.used. f p. r ¢ rol, as t

non- | 804FRene. Hﬁ ‘D’Tguséatﬁ? B st tﬁsP@Fanﬂﬁﬁmfg @ﬁf@ﬁl 'g{tt 3@

packet / Sub%eiéquobomec}eéarvertdeﬁvégectﬂaaﬂe1n;%ﬁﬁaﬁaﬁ fSEaY At ahd geﬁ@mgwgo&al ocks
1408 and 1410) in a given ord @500129 For an attenpted decodi ng user,

t he met hodcdritrod in bb)cbéﬂOZmesktIH chtrosered groupr phiendsicedsd uspiso dlockabidp, The

pil ot sees_|ess int ferenc to ( c 2 t was
denodul at etf” ?3‘?“%%9\/\3 ORI 8 goqsl nt ghf)er enlc 8égn(ge+$f }l% | 0%10 \Q&?R)r}n
previ ousl y oi@EaMiAthfHa ckaing] dihedulaiardndlesbdifig.t Beocka402 pdEcaRePIQ foafall c
packet. Therefore, the channel estimation quali t@y I s .improved, which

benefits basass and@IG and REAfosonlyaiserdiigh %H‘Pﬁesé@r\]é’ ereded shanpst $&¥2-mance. Thi s
| f 10
el CIRISE o5 DBERNabh e afiud hehd 6. A AR ASHOM, el Rifinht D) 20

i n EV-DO) . estimationhfor a aseisn®logk A463) the pﬂotalasdnadt fubtractaé ftmeiFER]AMI ek

1412, the nmethod w trat this user's.interference ontrl fon from
the FERAM 3gb 2w Vi 6 chanre e%twsaﬂﬁp|1%tlseéhfaﬁngwera?ﬂﬁmaﬁ§sﬁl@ schéme.

over head/ t ff{f if6r & lpSUpESF uskROHRerBInafd a%%s&ﬁ@ﬁi%‘keﬁ’%ﬁ%ﬁ&ét Ediﬁiﬁﬁrfaﬂ% nor e

users to decode. BlIfock 1416 term nates the process 00131] FIG
i |l ustrat emeﬁmdmpfanas smucmmbdc@ldng (h@ahsliaﬁzmdlwse)mgmrmdm t he net hod

P anln B ¢ | ol BR ARermptEh apctafnd fhek s, menfbd B St BRIGIRE L iltgbliom ()

15A 111 ust gt sifotablrk @IORPN mé gﬁlbesé&tlbmntdafeﬁnee cbthPareBltoake HaRO(WIsIK Ves
dat a- based channel estimtes. Bl ock 1502 perfornms an optional residual PIC

as in Fig. 1469 v #3yasremodubed; for tP@WP&F@%“%IrF‘“&ﬁBdW&f greneg pRcENatl feans
1420- 1436, pljeéilel’slyléégodteg packets which overlap with the to-be-decoded traffic packet.

Therefore, the channel estimation quality is improved, which benefits both traffic

channel decoding and cancellation performance. This new channel estimation is 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
oﬁe user at block 1412, the method will subtract this us¢r’s interference contribution
fram the FERAM 312, which includes its pilot channel 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. 14A. The means 1420- 1436 in FIG. 14B may be implemented in
hardware, software or a combination of hardware aﬁd 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.



performthe method of FIG 15A. The neans 1420- 1436, 1510, 1512 in FIG 15B
may be inplenented in hardware, software or a conbination of hardware and
sof t war e.wonraewoifes Bet ween The First And Third Schenes pr@ak3ebs/ohd74may
appear that first schenme shoul d have superior performance conpared to the
third schene since the pilot signals are knowmn at the BTS and it mnakes
sense to cancel themin front. |f bothzz‘gherres are assuned to have the sane
cancel lation quality, the first schene y outperformthe third schene

t hroughout all data rates. However, for the first schene, since the pilot
channpio133$t i nat Fith ke dlusirgthe an appacathe cempesing arcanh @420-3436, d SRt 1512 to

denodul at i t-h tj npt fficj i for . ti
pur pose. (TR e FHetbRT SEEICh ) Shnadarveaas Aed Tas IO 2R FIC b teY. T or
the third schgiBmestbdGEndriifar] doBiwatd G @mAiti oS finaRivi e ARIQMVakd ght before

the traffic data denodul ation/decoding, the interference | evel seen by this
refined chinadeofis e gn St And 473 enemes traffic data denodul ati on.

Then, erag , t he can L- u WERY . t i
betteFOBF%@n theﬁfr??%?ppsegﬂé%leh%ﬁ6‘8%5%5%19#1%%1%;6%?%‘\/\%%&; ggi%g%%gren sfgg ive,
the third shehbie soksmd amee thespil@hignaBdoge knbemratthe BTSeandsitmdkies spiseab and

decoded overhead and traffic channel data and cancel themtogether,.
t her ef or e, cangelsthepp i Akomt. s 3¢ dethnachsmgs 35 dsveRed. tochaventhe o cangetptiopne

re-estimat %%Hgigﬁfthgiﬂrgtt scliBhe a)ggﬁ & tﬁggﬁloﬂglgfcglte%ttﬂr(o?%ﬁm ralloefa% tﬂfﬂg% di ng

channel de atron or traffi‘c channe I on terns o

sanpl es frHoweespripy , thanfirst hsehemehemee | thenpilotnchaast astimatomrsgeddnghdrdt h
requi renents. [00136] If it _ig assu that, the. first, schene_has 80%.0r 90%
cancel | ati @FFrEftE%HCFtt ”oﬁ_hettﬁéﬁcc ﬁ?t? %e@gﬁ'gﬁté‘,’n’ ﬂﬁ%f’sg“%art%i?l}a&ﬂgo"f’]e GRS s dat a
rate per URRIreé6hstRicHon uPPosBUBE o pilderahdNbvaBRT@dffic) tmdyaber Soike first
schene if all users are’in |ow data rates region and the opposite if all

hi gh data Haweversfrghe thind seherho gineayhepilnd chennet estivaationtis redenariglt beforsm t he

115 TR Ut b R SR

qual ity sharl channéel "oper at es

SNR conpar gghnhél dstifhafibh & theRameak thel t4Iid dhtaQepidiabios h ahes| & aeyageetheenoved
(cancel ed) once they are denodul ated successfully, and traffic channels may

be r emovedcanseldationerahingg throbid seirmsunay eeibeic thiadbeibet sheBesstul Iy, 1t is
possi FHO‘ESI] hat t?l%np ASfarfb AL 'dgﬁgrf’ BHJsﬂecﬁV&Ctﬁé ?Ifui‘ﬁ E&heme may have a slight edge:

the method may sum the pilot and decoded overhead 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% cancellation quality of the
. third scheme, there are tradeoffs between data rate per user verse gain on number of
users. In general, it_favoré 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



denodul at e/ decode the overhead and traffic channels of all the access
termnals at sonepoint intinme. If this (PIC, OC, TIC occurs, then the
FERAM wouwv0 200d/071mont ai n resi dual interference and noi secTRisb@s046ner head
and traffic channel data nay be canceled in various orders, and cancel ed
for subsets of access termnals. [00138] One approach is to perform

i nterference cancellation (of any conbiflation of PIC, TIC and O C) for one
user at a tinme fromthe RAM 312. Anot het” approach is to (a) accunul ate
reconstructed signals (of any conmbination of PIC, TIC and O C) for a group
of users apdinf b titee nIf plis f(BTCH OHT.eTIDraenums, thendb¢ FERIAMY] Wouldtdndy godaip at
the sane tine. These two approaches.npy be appli.ed to an f ,t.he nethods,
schenes, aFﬁ?’dﬂ}Plob‘ggrgeégnC&i g‘gqoélgésﬁ hi’ilgﬁ’ n‘?veq}‘?ﬁ‘ﬁ)oa\?flntéaféﬁa%?%f‘aEg?tfl ety (L;’ﬁ For

| nt er f er enggncERAGEVArRful 8fier) A8 inclieg fefiubidtyott RcagGethahaby reconstruct
received sanples may significantly affect system performance of a CDVA
recei {09138lhat | Ppk appieaeh iinte prEpan detederaes canceldpiopy(of dayrrombigationPfand
renovi ng vari C r ] [ ' :
mal 01 pacn EiotiG SRR Splleq s YR LGH HERAN 212, Kiend B0RIOAR 15 8, |,
sequence ay dchenulptel re¢onkirhdted isipgalksi(ofany esmbinatioat 6HBIC, OMEr arginOEPpfoopr i at e

period of tinme. The 1ength. of the pilot filtering.is_typically chosen as a
conpr oni se 2P REaseTs Aed g&sth%l)?lﬁ%mb@ﬁrfﬁ?}%ﬁa@q B g’(‘féﬁ‘?rﬁl"&?iaﬁaler?&?’é

sanpl es, Whiee URBH-GAchBY nitl b Bplfdddto £old fRiHoAY RMBnks A9 aded

by the timrr@H\ﬁar?g%SFg%g %Bfi)lr%e cﬁgdﬁ/nef.ngLe cha ngl estl ma?te’ fromthe pil ot

filter out pticedsss dibdosedderkin.o perform data denodul ati on. [00140] As

descri bed above .wi FI G4, one practical nephod of. inplenmenting

i nt erferené® NE.b): : neesapan
ifiYyp

» o+ = S o—reeonstruct the
cont Irv}dmé]on of THREHIBWS td hevsdTel t@ébrﬁ&hdl%ceﬁddes’&ﬁﬁ)lésomb{}%i%nﬁi(ﬁntly" AtBeK2)
FERAM sanpl es. This involves de erm.mg\g}ét he transmtted c !
himplements iapifercaee ednceliatian dyt he

| nip streans and
an est i nmat eystdm phrformnaace pf a FRAMde recpee
recei ver sanples. ..Sinc h nnel estj r SE fFingss Sxe
r epr esent f%gnsﬁ{u"'lcil?%gfxﬁ r% §h’1§1 f\ll Ogglcﬁ)?ﬂp{gﬁéelﬁ%\?fgr aﬁ&gﬁegﬁg eisnllgmate shoul d

al so accoupdcefver, af Mgltipatbseantel G ettiratedrby PRV despebadingewite respedtiterthergilot
[00141] This section disclaoses several techniques for inproving, this
overal | chasmyenceeandithen pik fHISFNg fikcer FERBRIGHNYAYER AR ARRTBRIIZIR PENERAmE.

Ve oo ISP BT AR Sl 9 CRUARARD B RO
recei ver i thefdstimadom®)R by accumulating more samples, 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 déscribed above with FIG. 4, one practical method of implementing
iﬂferferénce cancellation in a CDMA receiver is to réconstfuct th: contribution of -
various transmitted chipx1 streams to the (e.g. chipx2) FERAM samples. This involves
detenhining the transmitted chip streams and an estimate of théoverall channel 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’ éeveral techniques for improving this overall channel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1xEV-DO, 1XxEV-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



take the information bits fromthe decoder output and reconstruct the
transmtted chip stream by re-encoding, re-interleaving, re-nodulating,
re-appl yiwg 2bdw7eimtta channel gai n, and re-spreadi ng. To esfriusedos/oidres
received sanples for TICwth the pilot channel estimate, the transmt chip
stream woul d be convol ved with a nodel of the transmtter and receiver
filters and the RAKE receiver's channel 6estl mate from despreading with the
pi l ot PN sequence. [00143] Instead of L? sing the pilot channel estinmate, an
i nproved channel estimate (at each RAKE finger delay) may be obtai ned by
despr eadi ngainj and rbhpreaﬁngn%reamne@ thiateaeivéd grnplércios @" ¢ egth thipgof ¢hanusled
channel estimate js, not u f or denodul at i.on of cket |nce
the packet S§{ERatey) #‘%HW“HE Hé e%‘Br"Y%@‘i ﬁ?/cmbv vedgw 'Fléflﬁlé?deﬁjé)ggp qB é
reconst r uchidgbckivgr ﬁR&E rah8hd RAICE rédeiverpaalugie] egtihite o rdbsﬁém@wnhes
Wth this techni or each of the delays of the RAKE fingers (e.g.,

chi pXx8 resﬁlletmlpbﬂlﬂseﬂwﬁecmt hod may "despread" the received sanples (e.g.

i nter ed to | pX da

nccantiP AR over MR S5 sl e 1L RERRE LS i BhifofcH PrhECRARE G
channel estichERAKE fxiget eelhyl)emhy b fobeaimsdebinédspieading anitiitiet recorstruéted deta power
t han the pl|0t channel (this traffjc- tf pilot T2P- r%hL& (‘% a funuﬁﬁ;on of
dat a rat e) chipgthegseles. (Eaia improyed channel pstumate st us Ny esul t
in a nore r are
et i BEBHpRIR HADAE puial bAIRalPlcdolien iRl MOYEH RS UBr Q1o o

esti mat i ngrechestroting (it borgtibmtivgl ofitthie ek af tot the RedEentli m;mleszlel\ﬁyh thishi s

oot i mat e ateCHHaIn Y SRohcel TR ok T R AR SRR (et o hifiRE, S
and recei Vfettold! théy “ddpteadethd mkﬁvemmpﬁ:sa(e hﬁtes@med a6 QJhl—iixBPﬂvﬂ:SthEhe
e achi bvetbchystmcisdrstaminstidam #ddte ﬁ%ﬁﬁ&% e meamon e obires. Bheng ™
e acnl eve T e
Lansm L SRR RebaRe el inlfBn0gha 1R SHRRNGnRIL MkANACRUT 2CY
on i nf or mahighér pdvadttthimthe BAKECHdnngle(this eladfcstoayitbt anParam 04 lfunl:abn wiidetaof a

conbi ned response of the transmtter an'gl ters. rt her nore,
i nf or mat i oft®)r osigethrARt2 FRIRg AP Lshimptepie Lé‘é ﬁifoé’F dif rigay HES 1% 8 TRPEG

spaced chapiglateshdniet (%ﬁmaié)ﬁﬂ'dcﬁé high& P&\;@erb(ll Lust GAbeRe heRB&! infPortant to

transm ssion systemwth a transmt filter , overall/conposite channel
h(t) (vs. oarctlwah highheamady. g(t) descri bed beI ovv) and

[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 frbnt-end samples (e.g.
chipx2 FERAM). The channel estimate may be achieved by despfeading 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 spacéd channel estimates.
[00145] FIG. 16 illustrates a model of transmission system with a transmit filter p(z),
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



receiver filter q(t). The digital baseband representation of wreless
communi cati ons channel nmay be nodeled by L discrete nmultipath
conponentwo(20)6/071m1d (t - T1) Equation 3 /=i where the eorpiseoospadihy
anplitudes are / with correspondi ng delays t/. The conbi ned effect of the
transmtter and receiver filters may be defines as f(t), where f(t) =p(t)
g{t) Equation 4 where (r)denotes Convolﬁion. The conbined f(t) is often
chosen to be simlar to a raised cosine response. For exanple, in CDVA2000
and its derivatives, the response is simlar to an exanple fif) displayed
in FIG 17. The overall channel esti e_is given by h{t) =g(t) (r)f{t) = a
f{t - t,) Equation 5 [00146] FI Gg.ftgf&“aﬁﬁ_l%k show an exanpl e%‘lﬁatleﬂ nnel
estimation (real and imaginary conporfiénts) based on the estimated nultipath
channel at waa@hh®éorhples pa litideg feSy; Witht ddin@sond iy Rlayk e TBelcdaibinddannel
is showmn as a solid line, and the / are given by the stars. The

r econst r ucéfifent of thetttansmitien end feseiversiltbromay dbie dgiinéses gi(f).whegeiat i on 3 above.
The RAKE finger channel estinmates in FIGs. 18A and 18B are based on
despreading with pilot chips (whe@e=tpio @yeyall pilot SNR is -Bdcdilipn 4
Despreadi ng at RAKE Fi nger Del ays with Regenerated Data Chips Instead of

Pi | ot Chi pshf@0®4lthoth @onudbtidny The chumbivetl 8t ik reteh whoseastosbedsimstat to mpact

on the fidelity of reconstructing a .user' tribution to the receiyved
signal. i Blissdicopige :’rerﬁa?we Fpﬁé@@é&lﬁdﬁéw@@ﬁg e SgraaBNes: thedesnompe b?mént
interferenge. : . e S, et e
data chi psglﬁg dgcfgllrl %andé&grfj(_}l)r%grpga\yggﬁﬁgr}fn%aﬁf'ggﬂsét@ﬁgﬁlg. iﬁ?sersgm&ﬁésl%r%rove t he

accuracy obythe interference subtraction. One technique for CDVA systens
may be described as "despreading with respect to a user's transnmtted data

chi ps" as opposed %@I %g%)@%@%%}blgggﬁpr eading with respect t u%tiUﬁ?r' S

transmtted pil ot that the RAKE finger channe
estimates 'in FIGs. '18A-18B are based on despreading with the pilot chips
(wher @014 over ElGs. J8AcndINB show avex@mple-piaghannel gstima@®rs(ieal and ampginaryof an

| mproved CE‘&HB@Aen%?LLS%%to% t?lgségtgma 84 % l1_:pa1f‘d|1 0R%HnR1 a?tne%ch 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 line) is based on using the @, in Equation 3 above. The |
RAKE finger channel estimates in FIGs. 18A and 18B are based on despreading with
pildt chips (where the overall pilot SNR is -24dB). |
Despreading at RAKE Finger Delays with Regenerated Data Chips Instead of Pilot
[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. Oﬁe 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 ﬁngér channel estimates 1n FIGs. 18A-18B are based on
despreading with the pilot chips (where the overall pilot SNR is -24dB). FIGs. 19A-
19B show examples of an improved channel estimate bésed on RAKE ﬁngers and
despreading with the data .chips, where the data chips are transmitted with 10dB more
power than the pilot chips. |



despreading with the data chips, where the data chips are transmtted with
10dB nore power than the pilot chips.[00149] FIG 20A illustrates a nethod
f or desprweaedvesyprate1 RAKE fi nger del ays with regenerated e@atrasedvspss74d n bl ock
2000, rake receiver 314 (FIG 4) despreads front-end sanples with pilot PN
chips to get RAKE finger values. In block 2002, denodul ator 304 perforns
dat a denodul ation. I n block 2004, deco?%r 308 perforns data decodi ng and
checks CRC. In block 2006, if CRC passés, unit 400 determ nes transmtted
data chips by re-encoding, re-interleaving, re-nodul ati ng and re-spreadi ng.
| n bl @0k492008, Eid.t 204001 desprsea isetliodo fiir- daspreadimg| & SRAKEh fingandaiayst wahdat a

hi ps t t i d ch |, .estjmte. at h fi . bl 2010,
i o400 - GegERrd ore sy 1o ok 100D BNE rethiver B Bidsheed Rt - end
sanpl es W §ap1 8% AN Hilof Pﬂn&ﬁ%szﬁﬁ%étm i S8lliedT! & bI3EB2001, WehdodhRoran

apparatus conprising neans 2020-2030 to performthe nmethod of FIG 20A. The
means 20203¢0pafirmsa dm%@nbdniwl@?pﬁ%t deroder P& perfares detsr desadiagor a

conbi nati on of r e ' [ . ' . | at
Feram mesomit sl SRR RrERfer 2000 Ere R b0k M HRIBE i b7 Rk

recei vers ghps By ké-sidodirid) ee-imnerdaengy al-medwlhtind endrid-$praidy. Chabloek 2a08,each
of the RAKE f i-nger del ays. The_ receiver. front-end prior. to the RAKE '
recei ver it A€ degeready Spnperds sararles vt frapsrpifted jdaga chigs 19 )schimprPved N
et ched tocﬂranﬁeltegﬁtﬂﬁ@attte%l%ﬁ%ée} 8¢1a .'-Irle(hloclpf(fl)()), unif 866 RlcBhkchs Ysert {IgathigCel vVer
to inplenent a filter matched to the channel output, the RAKE recelver
itsel f attanddveriead camtcibution toHfeontaehd sayaplbs withmmptoved khanpel estimatg(t ) ). The

del ays of the i rs are typically dri.ven from.l den

e TR g 1 Eloh<2 0o ARt fi irGE bl Racsi PABARES RS lormy gy e
are at | eagk@R® I 2ZNA tThe HENRVR20-1030 RNYRG.CAIB Myt b ahplemdaeadsh
itself may often have energy at a continuum of delays. Therefore, one

met hod esthardwers, safevare epa sombinatiemeldiarware and pgfiyareat t he resol uti on. of
the front-gnd sanmples {e.Q. i px2 EER, ) ) r
contr ol onE “‘-"“‘"‘"“ ETSe a,anl T 9 | Regélliralel, Wati®
mul ti pat hsca receiver -antennas is typically controlled tolieina
particul ar range. This range of SNR may result in a conPosit channel

esti mif0SHer i vetilapsierh CRALA s way ey Stimats B eamarlonyalug ¢fd Stm&EP?hl ar ge
estimati Oncﬁaﬂé&l?aggg?(l}s JP@% R&ngkgge@y%@rﬂe%eav&rfr&h.teﬁa%& lPmeRAKE! ace

fingers at t , t he ener _
receiver may include a low pass receiver filter (i.e., ¢(¢#)) which is matched to the

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 physicél multipath channel itself may often have energy
at a continuum of delays. Thérefore, one method estimates the composite channel (i.é.,
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 frorﬂ 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 A(f) than the direct -

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



delay profile. But with the T2P advantage of despreading wth reconstructed
data chips, the conposite channel estimation may result in a better

esti mat e wo 2bdeig71tshan the direct estinmate of g(t) conbi med/ustdosoasandel of
f (t) .[00153] A channel estinmation procedure described herein explicitly
estimates the conbined effect of the transmtter filter, nultipath channel,
and receiver filter. This estimte may at the sanme resolution as the
oversanpl ed front-end sanples (e.g., chtpx2 FERAM. The channel estimate
may be achieved by despreading the front-end sanples with the reconstructed
t ransionsijat a chi pharnel astimetien t prec@Re gieseribied béremnekplestly nestimatesatheur acy.

The tinme span, of . t und formy spaced channe stinmates may be.chosen based
on inform prgpin %SBgCtt etgmgﬂtﬁégﬁte&e‘% ati?_n a%erf,.:axbcf f%ﬁ('e%glltf’lhaﬁ Sof the
conbi ned r gaRRANS e bd BE tHe! FMSITHdsbRitioAd the Rbiamplell| fréHtSend Fdfdpar @18,
information fromthe RAKE fingers may be used to refine the uniformy

spaced chaphipk2 EERAM): eEhe ohwnael astimatemay be ehiejed bof desprcpding itheyrppfeend

Gaston to RBERwih PtceohduPlal g fu PR SPpblefRRE 1R e SR LRRITT |

an exanpl ee@imahiadtiradly Thetimerspas of theamaforrly spacadchanndl estitnytes pagdd
sanples at chipX2 resaglution. In FIGs., 2 |A 2IB the data chi psgSl}cIlI}Hj S

_4dB, cor r 6B9sERARTSE ongnipration abgyk thy RAKK finger delaysansd an 2 pei9n esymateffi f or m

channel esty . 0 I i L U B ASSHRk i idh the
data chi psh{ct)3 ni @é@#ﬁ%@%ﬁg t?lle gggé&ﬁ]tfgtg?f%gg%%t%fgﬁu SNR, Ofﬁgﬁfgg?%ﬂco{ns of

"fat pat h" Ifiom thetRAKE Hinlgetsymaybeaosadr tatrefiye theamnfetmlycipacdvechmhael restimatess.ng
RAKE f i I ti Th i f | i ng. h i ti I f ul
Whon ¢ he oDPIEE B FEREAPE of P B e SR R GG e ioa SBo apeiLBlshtiet ng

with data ghioesndiQEquireth@esigito WBaR atpRiBri Bk O?ng for a particular user,
t he channel reconst(} uction fidelity is inportant. [00155] FIG 22A

i |1 us{ooas4ds a nmEIGo@1Ag121Bsshiowaan reyamplepaiséstimatihgine compositei dhenmal rusgxgl ut i on
usi ng regenerated data chips., Bl s 2000-2 n re.sim.l o FIG
20A descri HBto HIRACe mlg%?(t wreﬁﬁﬁg‘”}e}g’gﬁﬁr%%&% dajf} %ngﬁgt her
conmponent ‘i’seiﬂ.rl{“cﬂﬁéspbhdﬁﬁ§ sPanpfler SNRI 6O BOL 4 URPI &N 20d@S.€ A HRNuiRE

finger delays. I'n block 2202, denodul ator 304 or another conponent
det er ni nes channehgstimatedgiv b hetteregualipneampayediwith dsspicading Mot the datashigs| es
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2222 to  ability to accurately reconstruct the channel using 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 regeneratéd daté 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 be_stimate by despreading front-end samples with transmitted data chips at
uniform delays for an appropriate time-span. '

[00156] FIG. 22B illustrates an appafatus 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.



performthe nethod of FIG 22A. The neans 2020-2030 in FIG 22B may be

I npl emented in hardware, software or a conbination of hardware and

sof t war e.WOQa&/A}7116m t he descripti on above, g(t) is the wcralsess/onard i pat h
channel itself, while h(t) includes the wireless nultipath channel as well
as the transmtter and receiver filtering: h(t) = g(t) convolved with

phi (t). [00158] In the description abov "sanples" may be at any arbitrary
rate (e.g., twice per chip), but "data Thips" are one per chip. [00159]
"Regener ated data chips" are forned by re-encoding, re-interleaving,

r enod[oasilng, ahdtheelesqiptiadiahgye, &6t) shtherwireledsinndiipathd @Bargfel ithalf, vtdlk ktd
descri bed above. In principle,  "regeneratjing" is mmcki t he ocess that
Che 1 nf or naERees HieuRiemendlipish sHAel on g e TP send dpeef e BUEERE
termnal) . h{POLAPLonVBREAREII pHa{pd Sanpl es” represent the sanples stored in
FERAM 312 or"in a separate nenory from FERAM 312 in the receiver (e.qg.,

t wi ce[00&58]chi p) In thealsecription abeye, ¢ saepleR ke al anyrabitaty e (CodwdVied PY t he

(regenerate r 1 1.t ed i with a channel estimate. [00161] The
wor ds "rec8ﬁ£’?’trbf}€?dz‘g;'&]é‘?fd age?éergeéﬁegrca ed" may be used interchangeably if
cont ejfo15® provi-Resntated dher chiphorait NGrhéd Hyr aeendddirgg thainteriehiipg, oc-
reform ng the recel ved sanples. Sanpl es. or chi@s. mafy be ggglorgeeéi, si nce
"chi ps" ar @adefabpgetndoje-yreeadingyi aggshoamein blagk 7096 ofshlG) agdl edeserlsdp g
based on ugj t | ’ ' | t £ he
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filtering. wdatthroughdstht mecbile stansioitter favdess tagamd). at e essentially nean to
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reconstruction unit. Adaptation O Transmt Subchannel Gains On The Reverse
Li nk Of CDM&osstarctadssaniples fnet formed dnt eonvphidrg (the (wacfapged2{ranamitted datar
interferenceg is.a limting. factor in a COVA transm ssion system and any
recei ver tgﬁlﬂﬁiwdtﬁé”{hﬁlgfellﬁﬁnilﬁét es this interference may allow significant

| NPr opRwsIt S | NThbavaei‘Ryatacteldr andfpigenerdied’s ngtid oseddinsecliangeubly if
techni ques for adapting the transmt subchanne] s gains of a s¥stem Vﬂ th 1C
[00163] hi cemextrisvipyided it jeitherarfprmaiag dhe tagemitigd Jfata phiRg o118 oppg the

over head a?&efvre&fsér{lﬁles. Samples 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 ‘freconstruct” 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
improvémenfs in the achievable throughput. ‘This section déscribes 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. synchroni‘zation 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



signals. Pilots provide synchronization and estimation of the transm ssion
channel . Overhead subchannels (such as RRI, DRC, DSC, and ACK) are needed
for MAC awd 2vecal7iiee decodi ng set-up. Pilot, overhead anegctrabiosmscrs4
subchannel s have differentrequirenments on the signal to interference plus
noise ratio (SINR). In a CDVA system a single power control may adapt the
transmt power of pilots, while the powgr of overhead and traffic
subchannel s has a fixed gain relative to the pilots. Wien the BTS is

equi pped with PIC, O C and TIC, the various subchannels see different

| evel s of tequirerhentenn¢hedgmehth interorencé plus mdsse ratfo (SOSRAAd attidMAasysteht, at i on

capabilities., In this case, a statjc .relation bet n_subchannel gai may
e the sSRRERRRLRT GTTIRLdREY FL AT ARPOILBRY o GO0, FOE RO o
control st pahraidemdieirit Bebciddety9lta Qi gad relathea iepifot NWahehi i BTSt hat
inpl enents I C. The techni ques are based on CDVA systens such as EV-DO RevA

and may beisagspiitnsd with BICDQIReand (T IG/ MDA gus_subghannelsnsee gifferenoleyels|ofThe
9 Y d o ; ) . . . .
Subehannel SGIALRLGeoeTRAE TR Mhe BRIFIar3CS 49" Bl AR BagkllEESTh this 0 ¢

t he nmeasur egepesthts 1BA©A betivdes siichafned gaike inagthuetrthe afseem fdridrmance.
interference power. The aimis to provide a reliable _power and in control
mechal03¢dlt hat AMIsosgstipn| deyorbep| st igal corITqlottettegies Lrothe @f’{%}ﬁngjoﬁf;%}vi di ng
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[00166] I nf@?bg?gh@%?g@%}lfg{a?%ﬁﬁlﬁ {édfegfrésﬁ{'o@gr;g%n ng eg %%R?éré?;&tﬁpon of

| ogi cal subyhamneich as EV-DO Revhtanéd mehystengppdisd a6 £8F-DVhReldD sWeChdvhhdEL ,have
been decoded, jn rger to reduce the interference on other signals that
will be de&%‘éch“@p T. In PIC, the transmtted pilot signal is known at the

BTS aﬂﬁl@%e recehy edbsBivedt tdchnigB&ONEpleHRhe powet Nhdl Bain Cémaelone Sififdradte. | n
TICor AOC, the interference is renoved by reconstructi ng the received
subchannel sutishanngls by saddpiévelie ¢hanging dhe geint pe egshssuljohanrsy jacidingnto HIES

(with no 1C). control. the power of i nnel [ 0 nmeet
the orror PpaoRbhehoiEed 8 RimP ke ikl bt g AR O Rl oG ke
traffic subghagnelprbsideed atledld powed ahnd gaih @oftroleshetlamisar tha? Rllowi fully

depends on the payl oad type and target termnation goals. The adaptation of
the pilot pERARItNEheRoteRsiakpef 1y while Rryiding FrhystRess 0bA fapymisteth an adime-

7L o0, RO @i, The, Loner | ocp et feep g the e

[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 iﬁterference is removed by
recbnstructing the received subchannel through its decoded version at the BTS.

[00167)] Current BTS (with no IC) control the powér of the pilot subchannel Ecp in order
‘to meet the error rate requirements in the traffic channel. The bower of the traffic
subchannel is related to pilots by a fixed factor T2P, which depends on the payload type
and target termination goals. Tile adaptation of the pilot power is performed by closed
loop power coﬁtrol méchanism 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 éhanges 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



power control changes the threshold level T, for exanple, based on packet
error rate (PER). [00168] Wen ICis perfornmed at the receiver (FIG 4),

t he adaptwbi2ees/wizéthe subchannel gai ns may be benefi ci alpcrastévs/oserss em | n
fact, since each subchannel sees a differentlevel of interference, their
gain with respect to pilots should be adapted accordingly in order to
provi de the desired performance. This ?1’?1(:“ on may sol ve the problemof gain
control for overhead and pil ot subchan s, and techni ques are descri bed
for the adaptation of T2P which increase the throughput of the system by
fully expl kvel ofgntehferdnCe, theip @ainawith Rapetes piletsishowd BestdepredvatdordiGgly0io169]
Two paraneters that. max He.agj ugft ed are_ogver head SUbCB,aBEel gfu ns.and
traffic toOeT i ProYisie)the desired\RrERIgnee d higgection may solygdhe, proklem BE gdifn e
gai ns My Bwolheasefhebd Sndl pNG SbcRAMeil! Ghd teBhiRIR8T ark AREAKRY forNTHe€
flexible trade-off between the pilot and overhead perfornmance. By denoting

with G t headsptasion od T2Puwhighiincredse theithreyghpyl/ef desystaa hefullyaxploiyig thee
over head cﬂ?nnel gain will be: G= GAG [00170] In no-IC schenes the
over head/ pit'ot subchannels see the sane interference level as the traffic

channel s angpértasf Pataindtaisiif a St With Ig ve satisfactory performance for
bot h overhead and traffic channels performance as_wel| as_pilot channel-

esti ni0l&Ms. whéworaranaetersdbat mayebq desiederre pveread Bbchanng] gaies antt raldc ¢ he
over head/ pid ghsy PRAb)' L[ WneRNACT R adIRY, BR. bOAHERO IR an® by BY

coherent per the two types of subchannel s.” For a™gi ven payl oad,
t he met hodingeepsddetrelnties IH2RONIEET)cmsedérytoallbacd ooreAfl2iblei ttddeodSlptwten thet he

t abul ated value, in_order to satisfy the requirengnts. denot i ith T2P
the basel i RECtEBS qyethga BFrfmF?'iiyﬁ%PtI%WI@aG ﬂ?%b‘isﬁlznechﬂsgﬁ?‘ tyﬁgﬁ‘g%t t he
new val ue Qfsield ”heMidw vBIRe of #BovErhBad édhbafellddfhlwill bethe parameter AT2P can be

quantized into a set of finite or discrete values (e.g., - 0.1 dBto - 1.0
dB) and sent to the access termnal 106G[-0Q172] Sonme quantities that may
be kept under control are traffic PER,_ pilot SINR and rise over thermal.

The pi004701SI NR Bhe:l@ sehsmes tspoverad/pilaesubchanngls see the| same dntederenesy leyelod

SUADIT oo Rt cnlsBhE'a SRS TBlio TPV e diVPSU:BRor} BertRtAREe K

both overhead and traffic channels performance as well as pilot channel estimations.

When IC is used, the interference level is different for thev overhead/pilots and traffic,

and T2P may 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

A,,, 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: o ' |

| T2P'=T2P-A,,p

[00171] The parameter A, can be quantized into a set of finite or discrete values (€.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 noh-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. |



and the |ink-budget of the power controlled CDVA reverse link. In non-TIC
receivers, ROT is defined on the received signal. In general, ROTI should
stay wi t hwo 2s0qu7edet er mi ned range to allow for a good capaaistgsoeires age
tradeoff. Rise Over Thermal Control [00173] | o indicates the power of the
signal at the input of the receiver. The cancellation of interference from
the received signal yields a reduction gf power. 10 ' indicates the average
power of the signal at input of the dermodul ator 304 after IC The val ue of
Q@ nmay be neasured fromthe front-end sanples after it has been updated

with the | Rise\ihenr "lrlﬁrhﬁlgenfm Imed, the ROT is still inportant for t he
over head subchannel ROT shoul d.be, contr ol I e

Lol 9 ! th.r es,Pﬁi(; #g.
t hr esf81 ] . Inpdigaies ing POAE O {put e&%%ﬁfe FRCER IR0 se
power. [ 00317 ﬂerﬁ?@ﬁﬁ\é%‘om Eﬂeaifet:él%@g%lﬁ%ﬁdﬁ’\é%éﬁ\%gn e pelRannel sndiesned ine al so

fromthe I C. The decodi ng performnmance t hese subchannels is related to
the rise omagehmwmbfthm@alraédnmﬁDétheI(ErHOEﬁlfamﬁp'@éﬁﬂdﬁ is the ratio

bet ween the signal power after IC and t,Q noi se power. The effective ROT
may be controlled by a threshold, i . elo e = <ROTIf The constraint on
t he ROTej fThayalbeoéqumaﬁbemebsursd fromdhe §ont- endmmplansnﬁemﬁ hppbeen updated t he

aﬁzlﬁgp ?I Onyitga%/]téﬁe%{g %@Fﬂﬁ&jﬁ%@g[ dﬁi ?HW@H{ f%éh%%eﬂ!?eﬁ@reases the

SINR of t hgyRhhdel, aﬂaiRmeszhbamobecdm&anécswﬁmsﬁbctd@a fatsHoR @) fo chigeHaE)
decreases, |eadi ng to a potential increase in the erasure rate. In order to

conpensate for this effect, the cﬁgheé&l }gg?nel gai ns may be rai sed,
either by a fixed value or by ad% i I g0 S #ieé particul ar system
condi tion. [00176] Techni ques are described where the gain of the overhead
subchannel wherefNpig thewioise poegpect to the pilots. The proposed techni ques
adapt both the | evel of tpl | ot
[00174] - - However, traffic and some overhead subchannels beneﬁt also from the IC. The
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., ’
X _
ROT, =< ROT,;:ff ),
N,
) 0
The constraint on the ROT 4 may be equivalently stated as a constraint on J,’, under the
assumption that the noise level does not change:

Io ] < Iéthr) ,
where I™ is the signal power threshold corresponding to ROT.

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

not benefit from IC) decreases, leadlng 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 thg particular system condition.

[00176] Techniques are bdescribed 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.



subchannel and the AT2P for each user.Cl osed |oop control of T2P with fixed
A ? =0dB [00177] FIG 23 illustrates a closed | oop power control (PC) for
Ecp and Awp 2eswh7iiexed AG = 0 dB (bl ock 2308). This firspcsalseiisoms7iior the
adaptation of Anp and Ecp conprises: [00178] A. Inner and outer |oops 2300,
2302 may perform power control in a conventional manner for the adaptation
of Ecp . Quter |oop 2300 receives target, PER and traffic PER Inner |oop
2304 receives a threshold T 2302 and a freasured pilot SINR and outputs Ecp
[00179] B. A closed loop gain control (GC) 2306 adapts Anp based on the
measur e of Clésed lenpeondiral of E2P ovitnfiged Ahe @dBN control 2306 receives:
measur ed_ROT an sured ROTef f d out puts Anps:~yhe receiver ures the
i nt er %1 ce reﬁ{)(gee% %’b‘stﬁ%ﬂr 0§%‘ﬂ P&N%fﬁa%‘ﬂgp%g‘?r %ﬂ%&”PéB% fdcan be
sent in a PBSSAYYB Glatd 236HES THL HRtNAstioh borl the dadapfatioh dFeARdrAELY -
[00181] For the adaptation of Anp, if the interference after 1C is reduced
froml Q teompumpes: t he T2P can be consequently reduced of the quantity: L -
7 O <.§ T2P 1,0 8 T C PN h PC |.00p
2304)RR’§§7J]- [ 00ﬁBﬁ%ﬁr[egI?%tq%%erb&%\Rge%Oplhej39(b){1§%§3$egfr?§lﬁ E’“S%ﬁé?ﬁ‘?%r f 20
system wi t Bordtioal hatiber!f6r the lallagigtioncofEGR Outefobp RB0Eegeives tatfet PER)and wher e
G s the overhead channel gain. For, | arﬁg val ues of 'TéP (with re_spesct to G,
the ratio &atienPBR AWisF doqpratlduressives ¢ fneshold T 2302 ape penpasppsd pijpt SINR
estimati Onaﬂ&oﬁtpﬁts%‘qu.e(:ti ve ROT, the effective ROT changes rapidly due

[00179] ' B. A closed loop gain control (GC) 2306- adapts App 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 Arp, if the interference after IC is reduced from I, to Iy’,

the T2P can be consequently reduced of the quantity:
' ' I, ROT,
Appp == m———.
- I, ROT
[00182] The E, will increase (through the PC loop 2304) as:

_ 1

cp T I(thr) o’
0

[00183] The ratio t‘)‘etween the total transmit power for the system with and without IC
will be: '
E,(1+G+T2P)

E,)1+G+T2P")

b

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

ratio C can be approximated as:

I |
[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



to both PC and changes in channel conditions. Instead, AT2P reflects sl ow
vari ations of the ROTe Hence, for the choice of AT2P the effective ROT is
nmeasur ed wp 20@a078760f al ong aver agi ng wi ndow of the si gnatcTafst@s/od344 The
averagi ng wi ndow may have a length at least twice as |ong as a power
control update period. C osed Loop Control OF T2P Wth Fixed A > 0 dB
[00185] FIG 24 is the sane as FIG ,23oﬁxcept the gain control 2306
receives a threshold effective ROI, an > 0 dB (bl ock 2400). This
alternative nethod for the adaptation of D T2P is based on the request of
havi ng t helmgraveraiing odniomage tieosighait dfter ICandhaave@gmgsviadew mMhay hgep a

di stributlgn S ﬁhe sane in both cases. The effect of ICis twdfold on a

fully I oadkd i tWise 3 AN asRaW S SRRTOIBABE@ed: 1 wi Il increase with
respect toa&s@di& %mftp(ymfﬂpmﬁl PP ol no 1C ii) due to
closed-lo contro Wil tend to be simlar to
t he s[t@h&a] poweFI@f24 meh@mmm 23 mecepUthe gairpgonirol 23Mveesivess thessholds -

Egg)l8g]r Hr ec}‘é'e'kcﬁ'ﬂ ?‘Ea&"’eé Olgg b(g?c\é cp A %AA%" ase@et%g@?ﬁ%%@f %’ hannel

wi th fixedopxehhebsked Waahe fsa@bst @@havind tiecdanitoédd) covbRgd 8ot bolth &C ahd aedCl oop
GC of A PP requires a feedback signal fromthe BIS tg th re all ATs

recei ve t h&ystumse Hreo@pdé’éig'tbwaﬂ ircthe pame inpoth g3ses; El’fﬁseff‘%iﬁo IG @rtWV\?qﬁ‘JBH a
sol ution i ﬁ;oglal%%]doé}s th: QP %ﬂPP%@bﬁ&eQ@j 12 vil195&GEask A £ gb&?ﬁpthgzwdf

for the pi ose PC conprises an I nner

whi ch adj usigsaltpeeveraf the:rs;astdnn;gth no &Ct h)y dstidd dlosal—lwp‘lﬁb%@ﬁntrdlﬁy BERer

| oop-control 2500 is directed hy the erasure rate of the overg a )

subchannel gont@Igfo wilhtend 49 be pigtlr tothe sepal e of schalsrey it pp ¢ &mb&b. lity

or DRC eragéjag ate TO i s increased whenever the DRC erasure rate exceeds
peﬁl[as Il%

a threshol ¥dual | y decreased when the DRC erasure rate is bel ow
the threshol d.. [00188] The At2P is a(}a'pt eck@hreﬂugh the ACK forward
subchannel . In particular, by App= I ROT,
ACK-based control of App
[00186] FIG. 25 illustrates PC for E, and Arp based on the ACK subchannel with fixed
overhead subchannel gain (block 2506).
[00187] The closed loop‘ GC of App requires a feedback signal from the BTS to the AT,

where all ATs receive the same broadcast value of App 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 E,

~ according to a threshold value T, 2502. The outer loop 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. T, 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 App is increased, until 72P’
reached the baseline value T2P of the no-IC system. On the other hand, for a lower

PER, the App is decreased in order to fully exploit the IC process.



measuring the statistics of the ACK and NACK, the AT can eval uate the
traffic PER (bl ock 2508) at the BTS. A gain control 2510 conpares target
traffic REB2eewh7msasured PER \Wenever the PER i s hi gherctrhmpooaotdmeshol d,
the App is increased, until T2P ' reached the baseline value T2P of the
no-1C system On the other hand, for a |lower PER, the A 2P is decreased in
order to fully exploit the I C process. Vgriable overhead gain techni ques
[00189] A further optimzation of the ttansceiver can be obtai ned by
adapting not only Anp but al so the overhead subchannel gains (G overhead)
to the | C pasiablesoverheddgain tachaiques extra feedback si gnal i S needed. The

| f A t dfr 0.5 .dB. b d
e R W L 2N RIS B L T
over head Gx, 2600 aidd fﬁ%tm%efd@ rsu%aﬂﬁel téﬂﬁlSQ@ bb@fﬁ@uﬁ QQQH@@@%ro&@Q%' thisbased

on the measured signal power after the IC. In this case, the Ecp is assuned
in order toaseravéxiz ﬁeh@)aghmlellslne%@ﬁvémlgé’abﬁs aféxamhﬁ\ﬂmlﬁlzﬁd)ffp@ 0 ¢Re

si gnal befg §: rdg has an increased power | Q and the overhead gain

conpensat e 8 the increased interference. This inplenmentation adapts the

over head gzaterfeyente ipomwrg-bafed-overheddFaifscontroROTt hr [ 00191] DG may be
controlled to not go under B since this would carres ond to decrease the
over hé¥d99ubchafHa! 26iswErilsip &RG; 24 exnepkwitl overhgad G6120001 A pethed Sor ¥he gain
and power 4e. 2300
for Bop., SLHEOpRaR SRnImG bR KA5cgon B Raifits QUL pol B Bt
openl oop GhiZ&436, the & /s pssuntedrie ot\hapto provrde thasatt edlleroavege bﬁesm iv\eithabove

a target vaI dis geilgrea when the P ?Effls béoowt e tar
mexi mim | e8! o Ther stenal befarg g hag g SpRieE MpWeD orEnd dife oV &8l 1
receiver. éﬁ%hﬁés Qe aadeszal rintg%l%ﬁ&l TRQ i8Plentdntatiod fadapts Wisd 6@drBéada

variation of FIG 26 wth DRC-only overhead gain control 2702. [00194] Even
when t he ogenfbyasditmgbchannel gain is adapted, the gain control of

W _.1L __ RoT
° ™ RO,

[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 l.oop PC

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

loop GC 2306 for App, where App is incréased whenever the PER is above a target |
valuc, and is decreased when the PER is below the target. A maximum level of App is
allowed' corresponding to the level of the no-IC receiver. |
DRC-Only Overhead Gain Control
[00193] FIG. 27 illustrates a varlatlon of FIG. 26 with DRC -only overhead gain 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 Ecp and
App 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.



2700 can be perforned wth a closed | oop, as described above. In this case,
the Ecp and Anp are controlled as in the schenme of FIG 23, while the

adapt at i omoahodidiezeover head subchannel gain 2702 i s perf ecrmagdaisnergh t he
DRC erasure rate. In particular, if the DRC erasure is above a threshold,

t he over head subchannel gain 2702 is increased. Wen the DRC erasure rate
Is below a threshold, the overhead gai 72702 I s gradual | y decreased. Contr ol
O T2P In A Multi-Sector Multi-Cell Network [00195] Since the GCo f A 2P
I s performed.on a cell level, and an AT 106 nay b e in softer hand-off,

t he vari ou€ontiol Of I2Pdn A dhdtisSertali Mudti-€iell Netwodlsts o f adaptation. In this

case varjous option b considered for t choice o AT2P request
Co b WOL'™, " Siee R Bk o & ar pertaipard o el ettty whads L% FEY e mim
reduction ghffer hdki-oAMRBSatiRSRCloRAMES bQfbrdle Hiffewdt Yeduests 86 adapedtiohSin thise. , D<
> s {loa ndedax sectors} {A 2p } where A 2P i s the AT2P required b y the
sector s-. cdsheadods opipns ergibeeodsifiéred dortthe ebpiesoBthe ron), wequesius bealehtsto and
also in this case, various criteria can b e adopted. A nethod nmay choose

the AT2P cerAEpdvidi ¢elf levelt maethad may chease dhe minipugeredugtionef F2P taongpst
reliable c | LA, At b 96] For the choice o f A 2P both at a

cell and a@%gqﬁ%ﬁé@h@&&dgfgggé&% "% e consi dered, including the

M ni num naxi num or nean anong AR® £ equest ediagahues. [00197] One i nportant

aspect i s for the nobiles to Use T2t sP@P X where A pi s calculated

Know edge YPEe| Siieys thecits GRS RS @ISt i dhe AT 157 recR bRl L at e a
the BTS. W{1H Fs(tgp ﬁ?ﬁ% x{aﬁéﬁsaeefllgfz{n%raﬁsociﬁltﬁl lcgstevﬁarﬁ) S Eﬁﬁn%?n bt Q@%t% eﬁ[x br oadcast

. e
b y each BTg" access termnal's, 0 react accordin 00198]

The concephfettbdiedyosoesd e A 1), Beitedpordiappd the GertvingaseloPiolysloaburliecch uses
over head channels such a s a dedi cated physical control channel (DPCCH), an
enhanced most reliable communication with it. :

[00196] For the choice of bAnp both at a ceil 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 mdbiles to use T2P' = T2P x App, where Apzp is
calculated at the BTS based on measurements of Io and Io' (and possibly also
knowledge of L,thr), and G' = G x Ag, where Ag 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 cbncepts disclosed herein may be applied to a WCDMA éystem, which uses

~ overhead channels such as a dedicated physical control channel (DPCCH), an enhanced
dedicated physical control chénnell (EQDPCCH), or a high-speed dedicated physicai
control chaﬁnel (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 'strdctures, e.g., a 2-ms transmit time interval and 10-ms transmit time interval.
thus, a front-end memory, demodulator, énd subtractor may be configured to span one
or more subpacketsv of packets that have different transmit time intervals.

[00200]  For TIC, the traffic data 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.



dedi cat ed physical control channel (E-DPCCH), or a hi gh-speed dedi cated
physi cal control channel (HS-DPCCH). The WCDMA system nmay use a dedi cated
physi cal wetasahrarsmel (DPDCH) format and/ or an enhancedpdediseasegs7physi cal
data channel (EDPDCH) format. [00199] The disclosed herein may b e applied
to WCDVA systens with two different interlace structures, e.g., a 2-ns
transmt tinme interval and 10-ns transm,t tine interval, thus, a front-end
menory, denodul ator, and subtractor may b e configured to span one or nore
subpackets o f packets that have different transmt tinme intervals. [00200]
For Tio@2o1) he t r 8pdcific dedodinpayprdere dssmibed heromemay couespond etosan rordert foreast

one o f an_ EV- Rel ease O,.format o r..an EV- evi.siop A format. [ 00201]
Specific d‘é% m&ﬂ@_r‘i“ﬁ%‘é‘%’ri %‘Ge‘_‘rPé]r“@ f pﬁ‘é%[%? & ??lgztf?oﬁamt {f'(geﬁnoélrugag 0t or
denmodul at i pandudesotisiGf RadaRadE o packeeEea! EhPERAME 121 @afislates the
re-denodul ati on because the process of denodul ati ng a packet fromthe FERAM

312 trans| mteréerenve canpeBatioprigtocebettgndedoder inpet- i nt o a better decoder input.

[ 0020 ose of, skilJl.in. the art ul [ nf ' nd
si gna éﬂﬁiy be ig%slgeogesﬁlfe]@ tﬁ% iaﬁgw%l\}/@ “6‘? ergﬂ\g%?}?até%gg gﬁgg)}lf%dearsg% félgﬂrtl)gl ogi es
and techni gipesentt®russasmdl of dahretyi 6¥sHiffeednt aBshnotgiezaak techniqaesratioon,

signals, bits, synbols, and chips that may be referenced t rgﬁug@gu .the
above desce¥amnlerdatmhyngaiciens seBmapds pjoypption signals, Pieymbos, da¢ CBiPdgnet i ¢

waves, mag [ hel ' , 1HAPER Rl gddl avPBE L any
conbi nat i o{r?\lgﬁ ﬁlga elgg QFC(S%%S%?@# s‘glﬁo S I?OIQII% ?%bfﬁgﬁlaﬁayﬁlrgﬂeﬁfﬂerﬁ?y

appr eci at evélkages, tcharems,r dlentomiaghetst wavdsy maguagicdadldsdrqekticlesyodticad dieldsiarcui t s,
and al gorithm steps descr.i bed in connection with the enbodi nents discl osed
herei n nayPHHCE é?r}éﬁ?néwn%netk’gr@f’foni c hardware, conputer software, "or

combi fpg¢3pns of TheNehof skl Gh @R b Wllg ShtRdreapphictatd Mg tEh 2BgARDIlubtativef
har dwar e and software, various illustrative cogonent s, bl ocks, nodul es,

circuits, logitabblogks, meoduldseeircuitesand deerithipostepsodaseribed) i copnectiopyvily thehei r
functionality.,\Wether.s f unctignal i .S+ 0pl 24 8% r or

sof tware d%rag (Hgleﬂtﬁo(ﬁsctkf'nsg& %51}6?9 %h ar iéﬁp%%(ﬂn%rg?q g%eggﬁ&hgm gn %%n%p@;u?eﬁt S

i nposed onsdftveareyV 6F @bmbigEéemof Blsth. | €Xb atcailg dllastragey thisTiheashahgdabitgedcri bed

functionality in varying ways for each particul ar, applicatjon, but sych
i mpl ement ah#r@narseadssofineres yatews Hstraiye; ompopss.dlods, meduleh itz faft ur e

fromthe Sgtgpseha‘% b%%d&&%@bob@ﬁ%&lmn terms of their functionality. Whether such
' functionality is impiemented 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, moduies, and circuits described in
connection with thé 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,i 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, microcontroller, 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



[ 00204] The various illustrative |ogical blocks, nodules, and circuits
described in connection with the enbodi nents di scl osed herein may be

i mpl ementwo 2006/PeTeior med wi th a general purpose processecr/s2aisgud7ad si gnal
processor (DSP), an application specific integrated circuit (ASIC), a field
programuabl e gate array (FPGA) or other programmble |ogic device, discrete
gate or transistor |logic, discrete harg; re conponents, or any conbination
t hereof designed to performthe functions descri bed herein. A general

pur pose processor nmay be a m croprocessor, but in the alternative, the
processor miyoprocafyrs Cavanhoenaicrgprae®som cangurictioh vath a BISPracgrirraoly| er ,

or state machine, A processor may also be inplenented as a conbi nati on of
conput i ng ABE WER corfigiration. conhi nati on of ‘a DSP and a microprocessor, a

pl ur aiobiosskof M CRPTRERS SO $+ mOMEd Obr MRIRithHh C HORFBEE SiRO kSnrieBtiérP Nk ClhieON
with a DSP core, or any other such contiguration. [00205] The steps of a
met hod or ehboiinehtn dedesei beckin mayobs embpdigd wlixeptly e herdyeses. i softwarel osed

herei n may_be .enbodi ed directly in.har re.. in t wane cut ed
by a pr oce’%‘ggﬁﬂ,e eé?cqt?_f{jgy Sé’ﬁ%cleﬁ%f’i Bt §¢¢ ﬁﬁ’é&{t%&fi\he:g{%m‘#esom u Iglogr%(lg
reside in RAW fEBider i, RAMS thefRiR! flashRednite 70 ROMERRGMrie BEPROM HrkeiRol,
menory, registers; hard disk, a renpvable disk, a CDROM any ot her form
of st or ageERBROYMmemery oragifécrprelird disks 2 dsmprahle disks peIgr 9B Y RETt hat

the pr ocesggg i r ' Midd © thd bt ek @at fhde
storage nedi um %{agﬁgegﬁ%gr g:gﬁ@ge fn{eﬁ{e&%?%?oa eédntgdtpg%%rgag% E)e I nt ggr al to
t he pr ocespetessdihay readdsfoanationdfrérhearsit v egefomdiiemtonthe starggedeedinmarinAS| C.

The ASIC eside in a user termnal..ln the alternatiyv t he processor
Tha the st Db aYETARYR ohe Sesres meftie wey be ntpae Lo Bt horEnrs T RogeRy a0

termnal . {,QQ708de Headhl8ny 3kdd RCUASIE. NEheiASIEGhay RERIEGA GQIsaNEnhmadi d i n
| ocating certain sections.” These headings are not intended to limt the

scope of the ticonepatvelcthe rprbesssarhandeitie $ivgege medihm Hoay residre aptdiserelg have
applicability in tOt'h%r secti.ons throughout the entire specification.
[ 00207] Th%o%‘?oé\fiflgdg HRECHBPon of the disclosed enbodi ments is provided

t o enpbbos) any pPeleadings kirt ligcluddd hbeimfér ke afd toSsidt e lqRamse rertain
invention. Various nodifications to these enbodinments will be readily

appar ent t ssctipss eThgse headingsare et itended o) lipniethg spens of e corgepiselesgirtned
herein ”aythléFeiI?BHﬁér,e%& ﬁlegé p&{ceﬁt@}f?&y R ai)p\ﬂcétnmﬂ't in%ﬂ&r&hﬁ@lsftﬁﬂﬁghout
~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
pﬁnciples defined herein may be applied to other émbodiments without departing from
thé spirit or scope of the invention. Thus, the present invention is not intended to be
'limited to the embodiments shown herein but is to vbe accorded the widest scope
consistent with the principles and novel features disclosed herein.

[00208] WHAT IS CLAIMED IS:



the spirit or scope of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein but is to be

accor ded wbeovd/demtt scope consistent with the principl epcans2ousreed74f eat ur es
di scl osed herein. [00208] WHAT IS CLAIMED I S:Clainms 1. A nmethod conpri sing:
receiving sanples of signals transmtted froma plurality of access
termnals; canceling overhead channel d@ta fromthe received sanples; and
after canceling the overhead channel data, processing the sanples to obtain
traffic data sent by at | east one of the access termnals. 2. The nethod of
Claim1, wherein the signals conpriseCims Di vision Miltiple Access (CDVA)
signals. 3. The nmethod of Caim1l, further conprising storing the received
sanples in a buffer and canceling the overhead channel data fromthe
stored, receiyved [HaHBd 8Smprsindhe method of C aim 1, wherein the overhead
channel conprises at Ieas¥ one of a Reverse Rate Indicator (RRl) channel,
an auxiliary pifeseivoigssamples of sigaela trResuitied fropm plyralitpRG)ceessdeninals;a Dat a
Source Control (D C nel K).1.C. nel . 5. The

met hod of C ai rﬁgaf?gi)lv&%&%?lﬁeaflﬁgg%\?ggﬁégr &gﬁgg%gﬁleggma?]ieg’ggaat | east one of
at | east - one of afferdafdcling @l Pleylsdad ahandendata)lpredessingthe(shidpleblio oainenhanced -
dedi cat ed ggg/si cal contral channel (E-DPCCH),: or a high-speed dedicated -
physi cal cBafficslatacseahbiett lpassopseithy accgss temainglst hod of Claim 1, wherein the
traffic data is sent by one or nore users in at |east one of an EV-DO

Rel ease O format or an EV-DO Revision A format. 7. The nethod of Caim1l, .
wher ei n t he t aThé medmidafiGaisehtwheyeinthe signatsoromprse Code Pivdsioh dadtiplene of a
dedi cat ed physi ta channel (DPDCH) format or an enhanced dedi cated
physi cal d&éﬂ%@?ﬁg@ $#81%PDCH) format. 8. The method of Claim 1, wherein

t he overhead channel conprises an auxiliary pilot channel, the nethod

further conprising reconstructing the auxiliary pilot channel based on a
channel ‘est i rfat &he methpdeofii@ainol fotheticainprising #lecingithe repeived sampdesdn @hannel

conpr | se3 RiseRsaR oA S ied AGRSAL SorceREbv el Dot

Request Co nel,

4. The method of Claim 1, wherein the overhead channel comprises at least one of
a Reverse Rate Indicator (RRI) channel, an auxiliary pilot chanhel, 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 léast one of a dedicated physical control channel (DPCCH), an'enhan.c_:ed dedicated
physicél controi channel (E-DPCCH), or a high-speed dedicated physical 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 Re_lease 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.



Source Control (DSC) channel, the nethod further conprising: conparing
denodul at ed out puts of the overhead channel with a threshold; if the
denodul atwo 20esqutes of the overhead channel are above t lreTiUSR@SHO7d4

decodi ng the overhead channel with a synbol -based maxi num | i kel i hood
detector; and using decoded over head channel bits to reconstruct the

over head channel. 10. The net hod of CI aéf;n further conprising
reconstructing an overhead channel allng each decoded overhead si gnal
by a gain; covering the scal ed, decoded over head signal by a Wal sh code;
sunmi ng a pl u8.allThe metfodod\Haied ], weatiedhe cdedwdd dhannet trraptiss glmallve'liars(pr eadi ng

ot se. ( PN PBCRIBHEY R B G PRE e S eat LAt LPUS e ed, and
decoded ov%gb@%qasdhgﬁfglgsﬁ,ﬁgt@ugh a channel -scaled filter. 11. A rret hod

conprising: receiving sanples of signals transmtted froma plurality of
access termnal s, the sarrpl es conprising pilot channel data, overhead

channel data gndnt pRddr RS ARLR N AMEAR ERAIIA o R 3t 1A BRELE 0N, Of

the pilot charin 2 Gver ead annie a an anne in

t he sanpl es.Relerse Rhe Ingichiot (RIRT) Chanr#l, Diata Rﬁgreeu Qoritied (BRE) ahannehapd Daa Code
Division Miultiple Access (CDVA) signals.13. The nethod of Caim 11, further
conpri'sing S@%Fﬂﬁ’gtf?ﬁ"@sf@é‘@?‘m the msthed fiuthes cOWPRENZand cancel | ng the

portion of pi| oLoghaneleridh e RhEAREINELd dahAeidth bbb, channel

data in the stor |ve sanp alm 11, wherein
sai d cancel i ng ffithe dmbdmﬂedbumutsmf thehavertead dadrmel are ebineditie threshold, data and

EHAAENGE e WIS TR N,
channel data inykhg de@ied eseﬂlemmhhel RS BSRcRiALIAE Sverhedddhiig. a set of
one or nore access term naI s from t he plurality of access
10. The method of Claim 1, further comprising reconstructing an overhead channel
by: - |
ecaiing each décdded 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 df thev 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.



termnals; for the set of one or nore access term nals, denodul ati ng and
decodi ng overhead channel data and traffic channel data; determ ning which
over head wbanewl71at a and traffic channel data decoded eornmseddspic7ior 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 recpnstructed overhead channel data and
traffic channel data in the sanples. 157 The nethod of C aim 14, wherein

t he decodi ng, reconstructing and canceling occurs in a sequential manner
for one acceslsS. The mettmld of KBaimahl tfixthier acmpssing storg die. reddveddamphastined of

Claim 14, further, conprising sel ect.i ng,_anot her set of .one .of . nor cess
terninal s LP%?H apﬂé:aquréﬁp%?qet;g)r%?n ﬁ@’é’é gha[nélplré]aﬁaapgerg%c{ ?I@ng‘ltc{a%ang%agﬁc
denodul at i RghnneEfeinBe stbRACASEIBE tdnifleand cancel ing. 17. The method of
Claim14, further conprising controlling transmt power of the access

term nal s based on the determ ned channel estimates. 18. The net hod of

packet ter m ndt dhe R RNRCLE SRl A8 Glocl GRORERDGTRILAMS 03 ©

further cogmaj GleAgas thdnnBbddtiend eaffic\chshnshdqh esmprises: buf f er and cancel i ng
the pilot channel data, overhead chapnel datla ar}d traffi¢c channel data in .
the stored, recéftgeanggshperel estmategfor therplggliyrol @pegspferminglyr ¢ her

conpri sing: der i ptheniiild BafnABERNShoct b Bk AR i festehfn hief i ned

channel estimate, Tenoving a revised estimte. of interferenCe fromat |east
one of theagieboterminalsnel - data, overhead channel data and traffic channel

data. 2 1. The net hod of aim 14, further compri si.ng.r enpvi a residual
oil ot based on SFUREASE OhalivREImAE proesy BrmiBals e, el e 3pcks 1y 21
wher ei n sakgmgameel i ng the portion of pilot channel data; overhead channel

data and traffic channel data conprises: deternining channel estimates for
the plurality ofordbeses of erg ori meresceess terminals, demodulating and decoding

overhead channel data énd traffic channel data;
detérmining which overhead channel data and traffic channel data decoded
correctly; |
- for the correctly decoded overhead channel data and traffic channel data,
reéonstructing 6verhead 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 powef 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.



usi ng the channel estimates to cancel pilot channel data in the sanples
fromall access termnals; selecting a set of one or nore access termnals
from t he wbuo@li7ize1of access termnals; for the set of euUSRIBDIGIACCESS
term nal s, denodul ati ng and decodi ng over head channel data; determ ning
whi ch over head channel data decoded correctly; for the correctly decoded
over head channel data, reconstructing. oygrhead channel data; canceling at

| east a portion of the reconstructed overhead channel data in the sanples;
for the set of one or nore access term nals, denodul ati ng and decodi ng
traffic channel data; determ ning which traffic channel data decoded

correctly;for_t correctly .de ed traffi.c channel. data econstructing.
over head’ traf’¥ E‘ﬁ%ﬂlﬁﬂ’ﬁ Iotfggqlgl, ﬁg EAATEPTHES g‘f’“?% trecée%%{s[afn@ 0P *the

r econst r uchgferltdnafchhceliff arelot diddniel dutd, BOerhadidREne] 43ta aharafRé Epgnell C ai m
21, further conprising Storing the received sanples in a buffer and -

cancel i ng detafiethststogedy aeoeived sampleBe pil ot channel data, overhead channel
data and traffic channel data in the stored, received sanples. 24. The
met hod of Claim 11, wherein said canceling at |east a portion of pilot

channel dat a,20078¢ hrardofanial 14)dasheroomprighg:i ¢ channel data conpri ses:
determ ni ng channel, estimtes for the plurality of access termnals;
sel ecting a set defivipa refpedghamel etunate; @pdi nal s fromthe plurality of

access term nal ascliQh ddieinied cibhn @B RERVARCARVisbEEdnAL B

re-estimating channel estinmates from pit I ot channel data; for the set of
one or nor intaferesce fromn At laast sne dtimp pilbtehiangel datd, cherloaiidichamncd date aud ghifienel
data; for tge set of one or nore access termnals, denodul ating and
decoding tf ldata. :

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 datar 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; | V

determining which traffic channel data decoded correctly;



channel data; determ ning which overhead channel data and traffic channel
data decoded correctly; for access termnals whose traffic channel data was
successf wwbyoebaoowed, reconstructing pil ot channel datapconsedsadsahannel
data and traffic channel data; and canceling at |east a portion of the
reconstructed pilot channel data, overhead channel data and traffic channel
data in the sanples. 25. The nethod of ﬂ aim 24, further conprising storing
the received sanples in a buffer and canceling at |east a portion of the
pi |l ot channel data, overhead channel data and traffic channel data in the
stored, recei veforshenureestlP Gecotieé traffichaheinod] d@lagienpiBiructing o veshead drapd si ng

sel ecting Izgr.pot he(q set .of one or nore access termnals fromthe plurality of
access t er ek aé%&nﬁlepeati ng sai d denodul ati ng, decodi ng, reconstructing

and cancel ing. 2incefind@9€asth pbitidR of HYetdHstiGte@rAFRh)ned dhtaGiutied t 0 store
data sanples of signals received froma plurality of access termnals, the

sanpl es cospmples.ng pil ot channel data, overhead channel data and traffic
channel data; a channel estimator configured to determ ne channel estimates
for the plurality of access termnals; a selector configured to select a
set of one or231Mhe nReHASE Cl&iH2 1) dushdr conmptikiag ploting thic igcaivedbands ihar m nal s;
a denodul at or_ configured to denodul ate overhead i:hannel -dat a_ and éraffi (o
channel dabafferandicpacediag atlead apertigiyofdhep tcﬁ%‘?@ data.cyerhead phangekdata,

decoder co%&ggggghmeggﬁggﬁ?g%@g&Ir@geggdgyﬁgfégad channel data and traffic
Ic

channel data an eterm ne over head channel data and traffic channel
data decoded correctly; a reconstruction unit configured to reconstruct

over head chan dat n raffj c .channel, data for, the cqorrecgtly, decoded
over head chanieThaidha i Clfi 1 HeranAEN caedne fhigssl EoBrEr e bon uni
bei ng furt RREnnEPAHtA, SVEREad ChahBEIQIAE dridGFaffid EinnslNRB@mEREa using the
channel estimates; and a subtracter confi gfured to subtract at |east a

p

portion of the detconiaingeheeatl gstimates for the plurality of 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, re-estimating channel estimates from
the pilot channel data;

for the set of one or more access terminals, demodulating émd 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.



channel data, reconstructed overhead channel data, and reconstructed
traffic channel data fromthe sanples stored in the nenory. 28. The base
stati on olvoGh@/m®7, wherein the denodul ator conprises acralseoos@eauyver with
a plurality of finger processing units to process nmultipath signals, each
finger processing unit having a unique delay to process sanples fromthe
menory. 29. The base station of Claim?2 wherein the reconstruction unit
is configured to reconstruct data by at qeast one of re-encoding,
re-interleaving, re-nodulating, r e applying a data channel gain, and

r e- spr eadi ng.26. The method of Claim 24, further comprising selecting another set of one or more

access terminals from the plurality of access terminéls{ 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 estimator configured to determine channel estimates for thé 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; |

a reconstruction 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 channél 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.



