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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 mohlent, depending on

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

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

numerals and characters may identify the same or similar objects.

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

be implemented at an access terminal of FIG. 1.



[0008] FIG 4 illustrates another enbodi nent of a base station receiver
process or structure. [00091 FIG 5 illustrates a general exanple of power
distribution of three users in the systemof FIG 1. [00101 FIG 6 shows
an exanple of a uniformtine-offset distribution for frame asynchronous
traffic i giehb@i-ensee cancellation for users with equal PeT/BSRWOS/HEBOVET .
[00111 FIG 7 illustrates an interlacing structure used for the reverse

| ink data packets and a forward |ink automatic repeat request channel.
[0012] FIG 8 illustrates a nmenory that2spans a conplete 16-slot packet.
100131 FIG 9A illustrates a nethod of traffic interference cancellation
for an exanple f.sequential interference cancellatjon (SIC) with no

el ayedOIAC ocl ngt TGt JOMFRIs & SBIFF 0f e FrErEL PRRes gRUPERRRIT, "WBH Bt t he
nmet hod of FbGmpldnert&Oatalbadd fatioa@fFid.ustrates a receiver sanple buffer
after arrival of_successive subpackets of an interlace with interference
cancel [[@98lon of i&cdtdipstatbpaeibersemiodom@tt of|achbaspistatianyeeceinererroesss ®er head
channel s stF ge. [0017] FIG 12Aillustrates a method to first perform
pilot IC (p%ﬁi and then perform overhead IC (OC) and traffic IC (TIC)

t oget hge009] 0018] FIE. G. illi&Btdsld gesibrahtxempdanofpgyear ati stsbutonpdthree nserhim thet hod of
FIG 12A L0019(111§|G 13Aillustrates a variation of the nethod in FIG
12A. [0020] yie@ ofF8- 14 | ustrates an apparatus to performthe nethod of FIG
13A. [iﬂﬁg]l] . _FIfiG. 16 Anbd Uat HakpR 8f MEARAM! AmBRThA&" WsirBuitén FéChrakk C and
TI C 00221 FIG 14Billustrates an apparatus to performthe nmethod of
FIG 14A. aoodspnges Gafficonterfeienes qangedlstion fpnugerst witheaya! ransmiwoled in Fl G

1sa (0% F Qg Db R CRRNA, U R RER R AR 06,

FIG 17 ill wisd 4 fvinesrd dink extaralierdpes pajusse chdnnelonbi ned transmt and receive
18A and 18B show an exa e, of channel estimation

fi Iteriﬂﬂ. [ 0027 IG@ g NF% ¢ .
(real aMHZ nagi nBIGy 8 1lsatsR & memiery hatpani? GOmPIete {6-519F BR¥KGuI ti pat h channel
at eachognb) t hr eepfRAKE filuReREsSs m¥¥Rod 8P RARMIE IrterkerBlict ddnedddRbP R 4ft 4xamsplk 0028]

FIGs. 19A-19B show exantpl es of an inproved channel estimte based on
of sequential interference cancellation (SIC) with no delayed decoding.

[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 illustrates a model of transmission system.

[0026] FIG. 17 illustrates an example response of combined transmit and receive
filtering.

[0027] FIGs. 18A and 18B show an example of channel estimation (real and imaginary

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



RAKE fingers and despreading with the data chips. 100291 FIG 20A
illustrates a nethod for despreading at RAKE finger delays with
regenerated data chips. [00301 FIG 20B illustrates an apparatus to perform
the nethod of FIG 20A [0031] FIGs. 21A and 21B show an exanpl e of
estimatin tng‘ g osite channel using wuniformy spacecyssonaedat chi pXx2
resol ution. 6’ %PFI G 22A illustrates a nethod for estimating conposite
channel at uniform resolution using regenerated data chips. [0033) FIG
22B illustrates an apparatus to performythe nethod of FIG 22A. [00341 FIG
23 illustrates a closed | oop power control and gain control with fixed
over head subchannel qai n. [ 00351 FI G 24 is a variation of FIG 23 power

t

cont roll0038ld gai nFXKSNdPAIH IR EhPY jexamp C%@E;aﬂe‘gﬂ’f%"ﬁgcﬂ’éﬂ%lesg@ﬁtﬁ baF@bSB] FI G
25 illust ra¥9§(% | s hfad V%Eht‘ﬁ@ﬁ&té% with fixed overhead subchannel
gain. [0037 'S s?}{r?na EHr%"’ FI G 24pexcept wi th overhead gain

cont r 0l[002p0038] FIGG, 202\711mstratsst laameihmh foraddspreading @f RAKE fiagemidelhysDRThonl y
over head gain con ig hi DETAI LED DESCRI PTI ON [ 0039] Any enbodi nent

descri bed hEEERFAFLIad N Bscessarily preferable or advantageous over ot her

enbodi ngbs. Wi FES. 20BIiDTaRS Regiparaals tb pafimabemethdi SEFB 08, are present ed
in draw n the drawi ngs are not necessarily drawn to scale or drawn to be

all- i rqu33hi ve. fiﬁm@]A m@lasquw Usexappleof gsiipatingdhe corapasiin Faapsl dsngy st em
100, which ﬁﬁ’ﬁ%ﬁ Lél 102, base stations 104a-104b, and
a plurality o? acc%agedt er 6% oélh The system 100 nmay have any
nunber [@f32kcontr oF]Cér%ZAl@lB;stxbtasea methbd (fons estibnhting ccomposites shanaelnat naliform 06.
Vari ous aspectlt%1 and .enbodi dé ¢ of .t he present disclosure described bel ow
maybe i npl efER 88“}‘%“3"}?53‘?%‘? @S- [ 00411 Access terminals 106 may be

nobi | e [gu33pt at | ORRG. msrmiusmés bxeapijasamrw]a&forﬁ]hh@uﬂﬂ@uwme 2g@mruni cati on
system 100 of FIG 1. An access termnal 106 may be connected to_or

npl emd®34d i n aFJ&or%tlma@atasem%ed émphp%erapomgk ol painseonipl with xsd/ 071761
PCT/ US2005/ AFGr&a 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 example of power control with fixed overhead subchannel
gain,

[0037] " FIG. 26 is similar to FIG. 24 except with overhead gain control.

[0038] FIG. 27 illustrates a variation of FIG. 26 with DRC-only overhead gain control.

DETAILED DESCRIPTION
[0039] Any embodiment described herein is not necessarily preferable or advantageous

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

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

[0041] Access terminals 106 may be mobile or 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



conputer. Alternatively, an access termnal may be a self-contained data
devi ce, such as a personal digital assistant (PDA). An access term nal 106
may refer to various types of devices, such as a wired phone, a wreless
phone, a cellular phone, a |lap top conputer, a w reless comunication

per sonal AWERWOETI6IPC) card, a PDA, an external or i ntPETABROGHEEHEM etc. An
access termnal nmay be any device that provides data connectivity to a
user by comrunicating through a wireless channel or through a wired
channel, for exanple using fiber optic #r coaxial cables. An access

term nal may have various narres such as nobi | e station, access unit,
subscri ber unit qwedw m)blleter:B " b“%dﬁ & rTDbI% '
phone, nobi FENPUEF EEratixely o3n a%%%ﬁ?fa“?%mﬁy 518 selfrconiaimed, data devigeequchie i e,
user equi prrséupermgpdagm ag?svan@@m} %l&%?&mﬂh@l@ﬁlﬁﬂa?f’@f&qg VRN itFRS
comuni cation for a nunber of |'s, where each cell "is serviced by one or
nmore base sohtéwvess, soh aSAab\als@ Qh@tel enwirgassnehpng| & selielar phene; adlapdopas a
base statlon S e|v , r access
net wor k, a’ rﬁd&l& eieetS ¥ gc}r%ﬁclg?m\célrﬁ?ﬁﬁ?@ C%Sﬁgm B}d 6})cgje)/g’satnneg(EewoEI k
refers to net Woérkal Iﬁqwrprmcnt A1 asceshi tlegmidlalt may banmgtdevidethiteproeides datpacket
switched data network (e.qg. the Internet) and. the access term nals 106.
[0043] For we™es VK 19 Fmer%w CBRHInicAlng @»r%ﬁgé apyreless ARARNELITSRropgih VA has e
station 104¢phQe1 AR eRESAS Ssih® b ipkic bPGoarfRP YRS Mméeésﬁkamlaﬂxﬂa?na% refers
to transmission froman access termnal 106 to a base station 0044]
A base st at vmu&%mmwmh aansmhlledmtaont @CceERs HBibewysarbeniund) mobide dsvwng a data
rate selecte om a, set i rent data, rat acces al 106
rmy measur oo e, 3008 acfl, ToBOE Rbork rBuliE ot SRy B IR ME o

si gnal sent rdmotd indt, bﬁﬁe\ﬁé@hs@mqulﬁﬁéntalﬂﬂdhhﬂ&dfvrﬁe[letca desired data rate for
the base station 104 to transm.t data to thFe% access term nal 106. The
access (%2 nal Teresystsr LOpIoydescommppmacation fox awmbsr ofpells, whesg gach skl 1 o

(DRC) rr?ssa&es'éwﬁ&d%?%n@aﬁﬁoétba&é Mlowm A b&EQalibi fﬂ@4 9@§ 816 betdrafedtQ4 of
the desired data rate. 100451 The systemcontroller 102" (also referred to

as a base sam b@n setion raistaver (SRS (BT Ragn pecossi mtc@m@frmacms astwodont r ol
for base stat]of %ofl t'%naig]c%we }a'lkﬁﬁ‘%t el NG 8&}# Okcc Q‘AEM %f r%%'nsetl\%ogk access

termnal s 166nwa P ase s fem co FPer
further coupdqusménd providibg u@tamﬁ@ha@ babveah@@eckeeﬁmied (dBSTrN)kae(eg, rmbl I e

switching center (MSC), and to a packet data network via a packet data
servi ng nothe b(ltpggm)an the access termmals 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 from 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).



WO 2006/ 071761 PCT/ US20051046744 5 [0046] The communi cation system 100 nmay
use one or nore comuni cation techniques, such as code division nmultiple
access (CDWRA), 1S-95, H gh Rate Packet Data (HRPD), also referred to as
High Data Rate (HDR), as specified in "cdma2000 H gh Rate Packet Data Air
I nterface 3&@5;616{7/\% tion," TIAIEIA/ IS 856, CDVA | x Evopaiyuszosdasras Opti m zed
(EV-DO), - { deband CDVA (WCDMVR), Universal Mobile

Tel econmuni cati ons System (UMIS), Tinme Division Synchronous CDVA
(TD-SCDMA), Orthogonal Frequency Divisign Miultiplexing (OFDM, etc. The
exanpl es descri bed bel ow provide details for cl ari ty of understanding. The
i deas &)resent ed_herein are appli cabl to ot her stens as well, and the

pr esent0M%anpl esTh oMpniGHEgn, ¢ SYpiEM il t Mhe"r 8§ T 2P i CORIMYHCaton 04 7]

FIG 2 i1l ugkhab®s, aRheXaBRt Qivitiord MM ddeeds (@bm LIS@SaF%éIPRaﬂBVP%G@e‘ES
which may be inplemented at an access term nal

functions aPdt eflsg refeimesine $SnHlEh@at?2W)b %Fmﬁwﬂed “byma90Pwar e,

har dwar e, f]ifj of r ’d"’ﬁq?ﬁnﬁs ps may
be added to (R%g;bbg&tae{d a}O‘A‘n1I t%gte{)%@ §%&ma ioH unhfSr bns sﬁ‘oa/n in
FIG 2. [00#8dlufordadaia s@puixﬁﬁe&CmEVpboyl deBV4N a Widelsande CDdMdar (WCDMA)I ch

encodes data bi ts u in one or nore codin C S I OVi de coded dat a
chips. Each Uniyigrsaly lecomgmupiggtions yﬁﬁ‘ég@&ﬂ% “f‘?/&é 1SI0R YBERPRPUSsuch as

cyclic reduggaay( mlseb rthogGiRil RbdHeh SN B wﬁeﬂilmug&mgqm Ntc. bl ock

codi ng, other ty es of coding, or no codin her codi ng schenes

may i ncl udemmtmlcscdqserpi@étbel@qprewe deRdy 1 f%r Niﬁmty df wrerstandingrQhe 1dead
LoSeTeL ! FRHOCRIEY SRR ER bl LD YRR Y

coded with Bi%¥fefen
coded data nbuméanttblﬁmnbﬂtprefsa:dlapgxcaﬁ@{mgl A nodul at or 206 nodul at es coded,
interl eaved dat a )té}glgﬁnerate nodul at ed dat a. of nodu] a}ﬂjl on

t echni ¥4l i ncl ufl HSUAtes Rn cXaraplf of RS Sm%mg/ﬁapr%%w@f F@Yphase

shi ft keyi nge (fhiskknted REalmBCHl L RRinA0REBIFIB! 30 THRPBALIAs 388 USHFGhen
modul ated data or a synbol puncture unit may puncture bits of a synbol. The

modul at or 26®vrain &G 02 spyeba implemendetl brtsefiwara: handivate, ar \aa¢osrkblmwerof(|
= S0l ST, AR R T, 2 S5 67
of chips. TheteaddfihafiaictidtGhown in FIG. 2.

[0048] A data source 200 provides data to an encoder 202, which encodes data bits
using one or more coding schemes to provide coded data chips. Each coding scheme
may include one or more types of coding, such as cyclic redundancy check (CRC),
convolutional coding, Turbo coding, block coding, other types of coding, or no coding
at all. Other coding schemes may include automatic repeat request (ARQ), hybrid ARQ
(H-ARQ), and incremental redundancy repeat techniques. Different types of data may
be coded with different coding schemes. An interleaver 204 interleaves the coded data
bits to combat fading.

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

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



may al so use a pseudo random noi se (PN) spreader to spread the stream of
chips with one or nore PN codes (e.g., short code, |ong code). WD

2006/ 071761 PCT/ US2005/ 046744 6 [0050] A baseband-to-radi o-frequency (RF)
conversion unit 208 may convert baseband signals to RF signals for

transm ssjan V@A antenna 210 over a wirel ess commupimestemsbisnk to one
or nore base stations 104. 100511 FIG 3 illustrates an exanple of a

recei ver process and/or structure, which may be inplenented at a base
station 104 of FIG 1. The functions. ang conponents shown in FIG 3 may be
i npl emented by software, hardware, or a conbination of software and

hardware. O her fuynctiops y be added to FIG 3 | ddition to or instead
of the 8fhcti oné%ﬁéﬂ&%ﬁf(&%@?dg@zim@@o&r““?’r&o Wt@ﬁmb%‘:&@npecei ve
the reversegbhik BOGRH afSdisSifEN HafsrhitHiN O aPlanfRRE BQC &Ver L Wirdiass 106.
Mul tiple antennas nmay provide spatial diversity against deleterious path

ef fect s suchommufigationdink ke o eranat besg seatignsal04i s provi ded to a respective
receiv RF- t p--bas. con i 0 ' [ L -
filter gi,iOS(fgrrpl i fllgleés)a"’ @gﬁn&geéna\‘/‘ee\r{‘?’i‘?eé’géq%ggvie? 8‘5"82 t g)&rr g‘g%%éd%?%%‘g‘l‘/ to
gener at e dabaimpleméesd itar bast bationr eBesfHG. $i ghalfuncliOBShl cAmgenamecishawvar 304
may denodul ate the received siegnal s to provide recovgired %ng ol s. For

CDVA2000, d&HBGP Feayds 1mplegienteg by setware. hardyare, of @ saeipination, grp)and

channel i zi ngaliRgred COREL AchcEHPMEYP bk ARG, O inCARNRE! bZ& hltead sEakved
data and pilot onto their respective code channels, and (2) coherently

denodul at i nfunchensshewmsl Flked. data with a recovered pilot to provide

denodul dat a u r.3 i hel received . buffer 312
(al 50 A" or RePBrRRFE st Htug e seboe SO RIRlFE iRIP b U 7 oo
of recei vedosmgrwdcsess aermahdls USEr Slhhplemtenhay by provideaspatidl divessitgiagdinst 314 to
despread and pracess nultiple signal instances, .and a depodul at ed synbol
buf f er 3163%15‘16%118&%11 if&ecs—afeﬁh ErdRR e wedosﬂgnagﬁ@awiﬁﬁéa SSREBIVERAN)
There may  bReRePlob REtd-Bad6amad ebriVeRtbnS MRP O3 02D UL Kie Scoddioh? (68" rGigRQNd to
the plurality of wusers/access termnals. 100541 A deinterleavér 306

dei nt er | eavemplifigsaddwnpenvérts) dehdigitizes e rgeived pigng3a genadate defe saBpiss faty

decode the de a&%%g‘f]ata to recover decoded data bits transmtted by

dul
t he access tearrneﬁc%‘é The decoded data nay be provided to a data

[0053] A demodulator 304 may demodulate the received signals to provide recovered
symbols. For CDMA2000, demodulation tries to recover a data transmission by (1)
channelizing the despread samples to isolate or channelize the received data and pilot
onto their respective code channels, and (2) coherently demodulating the channelized
data with a recovered pilot to provide demodulated data. Demodulator 304 may include
a received sample buffer 312 (also called joint front-end RAM (FERAM) or sample
RAM) to store samples of received signals for all users/access terminals, a rake receiver
314 to despread and process multiple signal instances, and a demodulated symbol buffer
316 (also called back-end RAM (BERAM) or demodulated symbol RAM). There may
be a plurality demodulated symbol buffers 316 to correspond to the plurality of
users/access terminals.

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

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

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

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



sink 310. [0056] FIG 4 illustrates another enbodi nent of a base station
recei ver process or structure. In FIG 4, data bits of successfully
decoded user are input to an interference reconstruction unit 400, which
i ncl udes an encoder 402, interleaver 404, nodul ator 406 WD 2006/ 071761
PCT/USZOO@/%%@%ﬁ§M 7 and filter 408. The encoder 402, peweshesawend 404, and
nodul at or ? e simlar to the encoder 202, interleaver 204, and
nodul at or 206 of FIG 2. The filter 408 fornms the decoded user's sanples
at FERAM resolution, e.g., change fromghip rate to 2x chip rate. The
decoder user's contribution to the FERAMis themrenoved or canceled from

t he FERAM 312 1 tho nterfere cancel ti at a base station
104 is descf"‘ﬁ“{)@é‘3 gg he £pgo E%Hﬁﬁ%a%eé%grfmﬁﬁv’&b‘k T3y B iR cess
term nal 10€eQcdidy 202, hﬁérléaomaemd nddufator QO BERIG & i Im AP 4G Tornks MET 1 C

I nterference Cancell ation [0058! The capacity of a CDVA reverse |ink may be

limted by deredehussr’ssp@plse at BE resplgbien; e hangeh Eow chiprate ta ZnskiPt t ed by

different usgr ST d n?er 84 SQ%EQ@G{M% the'Ber At %ﬁ%ﬁn rem%f&o{aﬁceléoeﬁ%mmues

t hat decrease fef ence ween users
per f or mance tlefFERAMISA2r ever se | i nk. Techni ques are descrl bed here| n for

the efficient i ement.ation of interferenc ecance tion fo dvanced CDMVA
syst end?®dkh as Gﬁtefﬁrwqﬁnﬁfgk?%’n StEté?,‘h (i% ﬁg bﬁ@B?‘mer Wfsnits

traffic, pi k&xcep@mdreﬁlvxﬂﬁpeagppﬁiee Rh® accaéslterﬂ{mambs Rr afPYthe oh&terher ence
to ot her users. 4 shows, signals may be reconstructe and

subtracted fspr@mumlq@thnrswﬁ@mend RAM 312 at the BTS 104. The transnitted pi | ot
signal is kqo ceﬂt&ﬂ?enl%l%amﬂl'a%g may be reconstructed based on know edge
about the ver head signals (such as reverse rate

i ndi cat[{oo58] RRI ), Thhatcapacrtgqxfastcmhamrwérs@rlmklah@ batlenitwindy ahe (dEGrencdat a
source chan DSC . now ment‘_é*(’I Cé}f)ﬁ are first denodul ?t egl and
det ect ed, “ief%ﬁg“rﬁ t &g" %1 é"s“gi‘ 2 8t ¥SHotf Mgt Yosonal at the
de-interl eam@ 160d THeeade dictinigiRe (Bl Jebfddse theOhfterchbe b@ﬁteeﬂi ke wile

transmtted overhead and traffic chips. Based on determining the
transm t t ed iBprops theoyystamgpeyiormaicg wdla, CRMA rexersh sink.u derlonquepiace daseribedy t hen

reconstruct hEljaﬁ) foxcfﬁgtefﬂcpe% ilﬁﬂe&l&tg&% oli;mw’#cg cﬁ%ﬁﬁﬁxoﬂ%r%@ﬁ%h c‘ﬁi@ﬂ‘ edge.
systems such as CDMA2000 1xEV-DO RevA.

[0059] Each DO RevA user transmits traffic, pilot, and overhead signals, 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 signals (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, dé-interleaved, and decoded at the BTS 104 in order to
determine the transmitted overhead and traffic chips. Based on determining the
transmitted chips for a given signal, the reconstruction unit 400 may then reconstruct the
contribution to the FERAM 312 based on channel knowledge.

[0060] Bits of a data packet from the data source 200 may be repeated and processed by
the encoder 202, interleaver 204 and/or modulator 206 into a plurality of corresponding
“subpackets” for transmitting to the base station 104. If the base station 104 receives a
high signal-to-noise-ratio 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



[0060] Bits of a data packet fromthe data source 200 nmay be repeated and
processed by the encoder 202, interleaver 204 and/or nodul ator 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
si gnal ta,% zfoli&iﬁm?“bpa(:ka may contain sufficient. inforosbesmersdor the
base station 6 to decode and derive the original data packet. For

exanple, a data packet fromthe data source 200 nay be repeated and
processed into four WO 2006/ 071761 PCT/ §S2005/ 046744 8 subpackets. The
user termnal 106 sends a first subpacket to the base station 104. The

base station 104 may have a relatively | ow probability of correctl

decodi ng and“bPagketsyi g uf*?fée@im@i1Hé|se%%@ﬁﬁé§ﬁ@€€?tﬂ%m%%ée ’Ft?tf‘g‘tm_r% ved
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subpacket , dervipg tisatriginal ydataf paghes ofttinm gheafitst erseived Seppapket. d3ut gis ribg basat a
packet incr S 0 t a i COryr | s the
ori gi nal pag'%é?n z%ﬁ%ﬁgﬁgp %gecgp@g ‘?gndrsfé) uiﬁggbr?é%%&%@k&%qﬁgggﬁﬁgr error
detection Uetvedi faerehch tdeeivbdisabmitice,i tha ptébabiignds decodapkaaiwiatiertat

signal to the user termnal 106 to stop sendin ,suﬁgacketﬁ. The ugser

term nal 106"EEY dafepackenycrsases 4y fbAatedase BRI HMPPHCREACCEDBEL The
reverse | i nlgrghaDcRavE g€ MRing¥Scycti AR Aubddn®y cHdck (REN)&r QRID ehbr étedtionpacket
is broken into 4 subpacéets and transmitted in an interlaced structure with
8 slots betashmqueshiibuibdsesistion 1@hsendnancadknewieligeorent fignal the theoiser, temiiingler ent

user s/ acces rmnals. 106 na in_ their transn.ssion i nt sl ot
boundar s es. 1005 TbRafige iR o el Bhbal DB R A8 33 Bl hiaBketly T e
at the BTS asynewipasketisly. The effects of asynchronismand an efficient
design of interference cancel]lation receivers, for ARQ .and re
descri H@Qflbel owW. Tlﬁ)%’?@fﬁ’g %fapéélq"f‘o?ﬁ“?lﬂl’seﬁf"égﬁr@ﬁcyné’@qea‘fq%g%&z%end on
the order in, _iﬁ@ro‘ﬂeﬂﬂ%&g sulfatkdtCRUBdshittedid HenfcBFAY sthdure Wl DbBIes are

di scl osed herein related to ‘decoding (and subtracting-if CRC passes) users
based on tr &ttween subppikietstof (hesmine interlags., Furdifefraenei diffegniNicersiccqss tspaisalsi ty of

decodi ng. VaRkQus .appr.oache i ed herej r._re- ti t he
denodul at i oﬁbgﬁl y&&%ﬁ&%ﬁbga&%mﬁ%%{l gsj °§? {ffe)e?eno lﬁg?osunﬁaégleg’ életﬁerrgfeo%cg{vﬂgé 'Jf(gr omthe
FERAM 312. IsutipacHets ofckff@amiCadetsatirive 4tr e BN® dSyilchfdnicdéll .3 1 Zhéraeffelte of

efficiently inplenented to count, for. asynchronous CDVA systeng, ch as
EV- DO y asyrrrl}ghronism and an eff?ccl;ent design o{ interference cancéilatlon recc1v>e/rs for H-Al%(g
and CDMA are described below.
[0062] The gains from interference cancellation depend on the order in which signals

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

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



RevA, where users transmt pilot signals, control signals, and traffic
signals using Hybrid-ARQ This disclosure may al so apply to EV-DV Rel D,
W CDVA EUL, and c¢dna2000. [00631 Traffic interference cancellation (TIC
may be defined as subtractive interference cancellation which renoves the
contri buty, 20&1}0797695er' s data to the FERAM 312 after RATS20656H67AHAs decoded
correctly ? G 4). Sone of the practical problens associated with TIC on
actual CDMA systens such as CDVA2000, EV-DO EV-DV, and WCDMA are
addressed herein. Many of these probleng are caused by -the fact that WO
2006/ 071761 PCT/ US2005/ 046744 9 real systens have user asynchrony and
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t hrough the H A nmechani sm The recei ver does not know the transmtted

dat a sgquen@éleunti | a user is successfully decoded. [0066] Simlarly, it
Sotes L | S SRR e e by ek o
channel s between TIC and PIC is that the transmitted pilot signal is known perfectly by the
receiver in advance. Therefore, PIC may subtract the pilot contribution to the received
signal using only channel estimates. A second major difference is that the transmitter
and the receiver interact closely on the traffic channel through the H-ARQ mechanism.
The receiver does not know the transmitted data sequence until a user is successfully
decoded. |
[0066] Similarly, it is desirable to remove overhead channels from the front-end RAM,
in a technique called overhead interference cancellation (OIC). Overhead channels
cannot be removed until the BTS 104 knows the transmitted overhead data, and this is
determined by decoding and then reforming the overhead messages.
[0067) Successive interference cancellation defines a class of methods. The chain rule
of mutual information shows that, under ideal conditions, successive interference
cancellation may achieve the capacity of a multiple access channel. The main
conditions for this are that all users are frame synchronous and each user’s channel may
be estimated with negligible error.
[0068] FIG. 5 illustrates a general example of power distribution of three users (user 1,

user 2, user 3), where the users transmit frames synchronously (frames from all users

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



cannot be renoved until the BTS 104 knows the transmtted overhead data,
and this is determ ned by decoding and then reform ng the overhead
nmessages. [00671 Successive interference cancellation defines a class of
met hods. The chain rule of nutual information shows that, under ideal
conditi NS0 SGeessi ve interference cancellation may mehusves/wérad capaci ty
of a nultiple access channel. The main conditions for this are that al
users are frame synchronous and each user's channel may be estinated with
negligible error. 10068] FIG 5 illustrgtes a general exanple of power
distribution of three users (user 1, wuser 2, user 3), where the users
transmt franes sgnchronously (frames fromall users _are received at the
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approach 1s that it requires users to have particular relative powers at the receiver, which

1s 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 more uniform usage profile in time. In cbntrast, frame synchronism among
users requires a burst of processing power and network resources at the end of each
frame boundary since all users would finish a packet at the same time. With frame
asynchronism, the BTS 104 may decode the user with the earliest arrival time first
rather than the user with the largest power.

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

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



whol e. For exanpl e, processing power and network bandw dth at the receiver
woul d then have a nore uniformusage profile in tine. In contrast, frame
synchroni sm anong users requires a burst of processing power and network
resources at the end of each frame boundary since all users would finish a
packet atwbg e tinme. Wth frame asynchroni sm thepdTs20@446my decode

t he user e earllest arrival time first rather than the user with

t he Iargest power. [0072] FIG 6 shows an exanple of a uniformtine-offset
distribution for frame asynchronous TIG for users with equal transmt
power. FIG 6 depicts a snapshot of a tinme instant right before frame | of
user 1 ist Since framne has alr en decod and
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station. There 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 decoded using only those subpackets, and the receiver sends an ACK to the
transmitter. Thé 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 rate) and is common
to all users. A non-TIC receiver would only use a FERAM of about 1-2 slots (to

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



[00761 Hybrid ARQ takes advantage of the time-varying nature of fading
channels. If the channel conditions are good for the first 1, 2 or 3
subpackets, then the data frame may be decoded using only those
subpackets, and the receiver sends an ACK to the transmtter, The ACK
i nstruct swigmwoedsangm tter not to send the renmaini ng subQEURSITEPT44 but
rather to start a new packet if desired. Receiver Architectures for
Interference Cancell ation 100771 Wth TIC, the data of decoded users is
reconstructed and subtracted (FIG 4) s@ the BTS 104 may renove the
interference the data of decoded users causes to other wusers. ATIC

recei ver may be ui pped with two cjrc r menories: the E M 312 and the
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Methods for Choosing the FERAM Length
[0080] The size of 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
1o 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, 0r 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



menories to the processors, delays and performance of the system In
general, by using a shorter FERAM 312 the benefits of TICw Il be limted,
since the ol dest subpacket wll not be updated. On the other hand, a
shorter FERAM 312 yields a reduced nunber of denodul ations, subtractions
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packet (four subpackets, each subpacket transmitted in 4 slots) would span
40 slots. Therefore, a 40-sl ot FERAM may be used to ensure renoval of a
user fromall affected slots. [0082] Fljg 8 illustrates a 40-slot FERAM 312
that spans a conpl ete 16-sl ot packet for EV-DO RevA. Wenever a new
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then the cogfdetbuti on of that packet is canceled fromthe FERAM 312 by
reconstructing and subtracting the contribution of all conponent subpackets
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constellation size. In block 906, the decoder 308 atte s to decode the

user packet demodwiptedeymbolssicsedsinBERIEYHGd 6land thd depodidated EERAMsamplBERAM 316
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decoded, i . @ser(spapadkst wis Qict@tfullh@etodedUel) passesish BgoBcheck, such as using a
cyclic 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 tﬁe transmit/receive filters. Block 914 subtracts the contribution
of the user from the FERAM 312, thus reducing its interference on users that have not
yet been decoded.
[0087] Upon both failure and success in the decoding, the receiver moves to the next
user to be decoded in block 916. When an attempt to decode has been performed on all
users, a new slot is inserted into the FERAM 312 and the entire process is repeated on
the next slot. Samples may be written into the FERAM 312 in real time, i.e., the 2 x
chip rate samples may be written in every % 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.



cyclic redundancy code (CRC). [0086] If the user packet fails to decode, a
NAK is sent back to the access termnal 106 in block 918. If the user
packet is correctly decoded, an ACK is sent to the access termnal 106 in
bl ock 908 and interference cancellation (IC) is performed in blocks 912-
914. Bl oc‘g %1%/05161 enerates the user signal according tretisedecoded signal,
the chann®P se response and the transmt/receive filters. Block 914
subtracts the contrl bution of the user fromthe FERAM 312, thus reducing
its interference on users that have noti4 yet been decoded. 100871 Upon both
failure and success in the decoding, the receiver noves to the next user
to be decodg 916. V\hen_an ajtenpt to decode has been perfornmed on
all users, EHE pogsing a.0ecoding QEdel { he FERAM 312 and the entire
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Decodi ng Order [ 0089]. Bl ock 903 i ndi cat.es may pplied either
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may decrease unless TICis iterated as described below. (0090J The criteria

accordi ng t mosiisefl tosemovennd irooupmastdikalyde desoder Ehe eritpria for pehivdrgothei ng t o
the rate of o%gpé}i%{%ﬁ/o E chag type of traffic and the avail able

processing p ng orders may include first decodi ng users who
are memorusef ul At (Paylem)slee andiT2hoTky BTS84 miay lgslup of ordde aspekeaccdiidimgasi teri a

for achi evi the . |argest ns fromTIC may .inclu [00911 A. Payl oad
Size and T2B® PrKeadis 7 3%&@6@? SH5T SrisE B thost s ik tHGSRE POy

payl oad si Z?e AfesHG2PA8 théke Qi lowdbET R, NBekd &ﬁlp&%o%%m@& DR Sserk r ansmi t
power, i. hi'ghest T2P to those with Iovves 2P. Decoding and renoving

hi gh T2P usénom the FERAM 81 - male greatesi benaftt singe gy esuse temvapstiinteiferencettpey
cause the ”Bﬁxterﬁs@ serference to other users.

[0092] B. SINR: The BTS ‘104 may decode users with higher SINR before users With
lower SINR since users with higher SINR have a higher probability of decoding. Also,
users with similar SINR may be grouped together. In case of fading channels, the SINR
is time varying throughout the packet, and so an equivalent SINR may be computed in
order to determine an appropriate ordering.

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

Methods for Re-Attempting Decoding

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

following options:



10092] B. SINR The BTS 104 may decode users with higher SINK before users
with |ower SINR since users with higher SINR have a higher probability of
decoding. Also, wusers with simlar SINK may be grouped together. In case
of fading channels, the SINK is tinme varying throughout the packet, and so
an equivalent SINK may be conputed in order to deterrgdiasaesappiopri ate
orderi ng.WPBHYAT1"C Ti me: The BTS 104 may decode "ol der” packets (i.e.,
those for which nore subpackets have been received at the BTS 104) before
“newer" packets. This choice reflects he assunption that for a given T2P
rati o and ARQ term nation goal, packets are nore likely to decode with
each increnental subpacket. Methods for Re-Attenpting Decodi ng (0094]
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they see may hgve dropped significantly. The .choose delay bl ock 902
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and | Cjoobbe choogertbraves kol AeRpW th!desdicastrsunsiesthhl Bheel §dr ProlRtRd a
subpacket in the slot of the chosen delay. The choice of delay may be based

on the fol Kloti Ty eendoard syipeaaostdecpding]itepatonUsid hsnady 6iem the sarjeglgds] A
Current decodi i ndi I.C DV t : ] . sl ot
once all ugnceéérrg:(iJ %na?gglff)agéeogj%%t S%?r%f‘ e"ge‘g‘{’a“rm&‘g’g?'ng‘,&%ﬁé 'h?ﬁ%lu%i{eﬂé Ie%ﬁi S
avai | abl e i whelmuRipRAMers3t@decbded ihiparatialseithonaitiervegig I With pogetietative. be
decoded once per processed slot, and this u correspond to _successive
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users nore L3ane0nasy)ReilpedaRssed slot. The second and subsequent
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decoding iteration w benefit fromthe canceled interference of decoded
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may attempt to decode packets 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 imprbve the
chances of decoding past subpackets. The process may be iterated by going back more
slots. The maximum delay in the forward link ACK/NAK transmission may limit
backward decoding. A

[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 receiver, packets are decoded based solely on the
demodulated symbols stored in the BERAM, and the FERAM is used only to
demodulate users from the most recent time segments. With TIC, the FERAM 312 is

still acéessed 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



corresponding to that packet. After attenpting to decode packets with a
subpacket that termnates in the current tine slot (i.e., users on the
current frame offset), the receiver my attenpt to decode packets that
failed decoding in the previous slot (i.e., users on the previous frane
of fset). ?, E partial overlap anong asynchr onouspaizes2s)s/uéred renoved
|nterference 0 packets that termnate in the current slot will inprove
the chances of decodi ng past subpackets. The process nay be iterated by
goi ng back nore slots. The maxi num delgy in the forward |ink ACK/ NAK
transmssion may limt backward decoding. [0098] , D. Forward. decodi ng:
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user's contribution. Due to conplexity WO 2006/ 0717 /[ US2005/ 046744 16
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may be used to store the denodulator's | atest denodul ated synbol
(det er ni ned dgéqoded at dreopERAN SM2)(i.£.0thet ypalated IIERLM elotasnight slide entnefdﬁhat e step

in the inte codi n ) Th are two main options for
the pdate SPRNbS B i SRR bR B oSl Coaate: The BERAM 316
for a yemo1]i s upBatSed-basddyupdate: In order to fully exploit the benefits of TIC, the BERAM

316 for all affected users may be updated whenever a slot exits FERAM 312. In this

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 introduces a delay in the decoding
process, which is particularly relevant when either 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
this case, the receiver may still take advantage of successful decoding by using the
decoded data to subtract not only the past subpackets but also those which will be
received in the near future due to the missing ACK.

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

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



conjunction with a decoding attenpted for that user. In this case, the
update of the older FERAM slots m ght not benefit the BERAM 316 for a
given user if that user is not decoded at an opportune tine (i.e., the
updat ed FERAM sl ots might slide out of the FERAM 312 before that user is
attenpted éo bﬁ' f;%‘deed)- [ 001011 B. Sl ot-based updat gictius200smas744 0 ful |y
expl oi t t WO LAt s of TI C, the BERAM 316 for all affected users may be
updat ed whenever a slot exits FERAM 312. In this case, the content of
BERAM 316 includes all the interferenceg-subtraction done on the FERAM 312.
Met hods for Canceling Interference from Subpackets That Arrive Due to a

M ssed ACK Deadline [001021 In general, the extra processing used by TIC
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consi der at i @ispackets dré sHOMN:SHs BhAled. ODe&sdBe SlbphéKeRlatesRMBSs uhshaied inZhe 4-0r 4

subpackets by staori ng a Iongler history. of sanples. In general, |IC nay be
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FIG 10 ill (=TT TRV Ty b b ' sistignces:
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subpacket s (métfGénceBdanbtlafe o M Bdrst 0% de¥oded R@avded) subpackets 2, 3 and 4.
During time instance n +12 slots, packets from Users 2 and 3 successfully decode.
[00106] FIG. 10 applies IC to groups of users who are on the same frame offset, but
does not perform successive interference cancellation within the group. In classical
group IC, users in the same group do not see mutual interference cancellation.
Therefore, as the number of users in a group grows larger, the implementation
'complexity decreases but there is a loss due to the lack of cancellation between users of
the same group for the same decoding attempt. However, with H-ARQ, the receiver
would attempt to decode all users in the group after each new subpacket arrives,
allowing users in the same group to achieve mutual interference cancellation. For
example, when the packet of User 1 decodes at time n, this helps the packets of Users 2
and 3 decode at time n + 12, which further helps User 1 decode at time n + 24. All
subpackets of a previously decoded packet may be canceled before reattempting decode
for the other users when their next subpackets arrive. A key point is that although
particular users may always be in the same group, their subpackets see the IC gain when

other group members decode.



by a 40-slot buffer since there are 8 slots between each 4-slot,

subpacket). Undecoded subpackets are shown as shaded. Decoded subpackets
are shown as unshaded in the 40- slot buffer and are cancel ed. Each tinme

i nstance corresponds to the arrival of another subpacket on the interlace.
At slot tiwEuboWser |'s four stored subpackets are coperusioys/ddreoded

whil e the | atest subpackets fromUsers 2 and 3 fail to decode. [00105] At
time instance n +12 slots, successive subpackets of the interlace arrive
with interference cancellation of Useng |'s decoded (unshaded) subpackets
2, 3 and 4. Durlng time instance n +12 slots, packets fromUsers 2 and 3
successful | . 100106] FI G _10 ap8I| of .users who are
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as interference to signals of all other
descr(iabed on ho%v to best combine all three cancelfatlon 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, CDMA2000 1x, and CDMA2000
1x EV-DV.

Methods for Overhead Channels Cancellation
[00111] FIG. 11 illustrates a RL overhead channels structure, such as for EV-DO RevA.

There are two types of overhead channels: one type is to assist the RL
demodulation/decoding which includes the RRI (reverse rate indicator) channel and the
auxiliary pilot channel (used when payload size is 3072 bits or higher); the other type is
to facilitate the forward link (FL) functioning which includes DRC (data rate control)
channel, DSC (data source control), and ACK (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.



For each user, the aggregate interference due to overheads by all other
users may be a |arge percentage of the total interference experienced by
this user. Renobving this aggregate overhead interference nmay further

i nprove system performance (e.g., for a CDMA2000 |XEV-DO RevA systen) and
i ncrease [everse | i nk capacity beyond perfornmance and@apasisios7achi eved by
PI C and TV@? ‘f@’@lfébl Second, inportant interactions anong PIC, OC, and TIC
are denonstrated through system performnce and hardware (HW design
tradeoffs. A few schenes are descri beq on how to best conbine all three
cancel | ation procedures. Sone may have "“nore perfornmance gain, and some may
have nore conpl exity advantage. For exanple, one of the descrl bed schenes
renoveg0il] t he @mloog theiayerhkead ﬁeﬁmletm@mfm@ m;har:oméqtmmelalﬁ@nwraah c
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[001121 Anpng the overhead channels, the data of the auxiliary pilot

channel is known a priori @;t,angbeRJcﬁ,gﬁlktyaeaﬁthﬂﬁ]{)@ngﬂse, simlar to primry
pil ot channel, no denodul ati on and decoding are necessary for this

channel , and the auxi liary pilot channel may be reconstructed based on

know edge alaut. } heoeoanael o ol SEERASHILICE O (e Bl Ots RO A 2

X chip rate resolutio sent’e er one ségnent ~M

sequence, w,,,, is the Walsh code assigned to the auxiliary pilot channel, G,,, is the

aux

relative gain of this channel to the primary pilot, A, is the estimated channel 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, 1s the chipx8 time
offset of this finger with a, =y, mod 4 and &, =|]f /4_|.
[00113] The second group of overhead channelé, which includes DRC, DSC, and RRI

channels, are encoded by either bi-orthogonal codes or simplex codes. On the receiver
side, for each channel, the demodulated outputs are first compared with a threshold. If
the output i1s 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, which may be inside the decoder 308 in FIG. 4. The decoded
output bits are used for reconstruction of the corresponding channel, as shown in FIG. 4.

The reconstructed signals for these channels are given as:



pj [2n+8f] = Lrcl[n-PIW, 0.[n-,u] GQ (hf4[8,u-alb n=0,...,511 ,=-MM

pj [ 2n+81+1j = lcf[n-p]WO [n-p] &G&. (hj o[ 8,u+4-aj D, n=0,...,511 P= -M Equation
1 Reconstructed auxiliary pilot signals where n corresponds to chi pxl
sanpling rate, f is the finger nunber, cj is the PN sequence, wl is the
Val sh codgoaswigied to the auxiliary pilot channel, GRCHES2WH46TE| ative
gain of this channel to the primary pilot, hf is the estimted channel
coefficient (or channel response) which is assunmed to be a constant over
one segnment, O is the filter function20r convolution of the transmt pul se
and the receiver |ow pass filter of chipx8 resolution (0 is assuned
non-negligible in [-MI,, M ] f |sthe chlpx8t|rre of fset of this

finger with a;,é? xg\Ml A ,2][3% DR& ng{: ;})¢r[%10g193,1_6he5§1econd group of

over head chann RR“"'channel s, are encoded
by either bi- orthogonal Mcodes or sinplex code On th}r eceiver side, for
e

each channeb [tzi,b,@ d,qﬂrg ht[,efl qw/t;@ul.g]alre f(h]r p@@nﬁm} al=wi.t 818 t hreshol d.
oyt he

If the outpu i s’be reshold an erasure is clared and no

reconstruction is attenpted for this signal. Otherwise, they are decoded
by a symbol - based maxifeien 3 Reraspoptesricp Rt PRER L G RRD 3R may be i nsi de

the degpdles 3080(;&1%!& with EGNE, @lecqdehe néWEe%&t d bwﬁléh & @e ‘6$ﬁ'§lezicd0(,rhann_|§g]

I'eCOI']StI’UCtI on e correspondl ng channel , as’ shown in

reconst r uct gga S gnalige Walsh bt Carndnan nf%b?esél{t@thg bV&Rcashaiife] gARGARAREEH1
PCT/ US2005/ 046744 20 M of [ 2n+Sf] =

kef [ n-f pIwf thelp ﬂnﬁ%%@ (hf [ 8p-af D, n=0, , 511 v=-M M of [ 2n+Sf +1] =
zcf[n-plwfo[n-p]d (hfo[ 8, u+4aDn0 Equation 2.

Reconst{ Wed ovErhemaimReYersag chamng! RR‘h? 1sh1'gA§Kscl{39@§L14I&rr@asrPﬁaB%°d<w th
|Eg t ﬁe {/\QF; olélgl\z}tg@%nn&g gﬁﬁ%rg%téﬁe]h?ég hta et%(?/(er g&?ﬁeamlr‘&gal n re &ti ve, to
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
demodulated and accumulated ACK signal, after normalization, may be represented as:

y=x+z,

where x is the transmitted signal, and zis the scaled noise term with variance of o.

Then, the log-likelihood ratio (LLR) of y is given as

o <Pr(x=1|y) iz

Pr(x=-1]y) o v

Then, for the reconstruction purpose, a soft estimate of the transmitted bit may be:
#=Pr(x=1)1+Pr(x = —1)~(—1)=-:%= tanh(L) = tanh(;z;y],
where the tanh function may be tabulated. The reconstructed ACK signal is very
similar to Eq. 2 but with the exception of replaéing d, by x¥. In general, the soft
estimate and cancellation approach should give a better cancellation performance since
the receiver does not know the data for sure and this method brings the confidence level
into picture. This approach in general may be extended to overhead channels mentioned
above. However, the complexity of the maximum aposteriori probability (MAP)
detector to obtain the LLR for each bit grows exponentially with the number of
inforrﬁation 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,



the primary pilot. 1001151 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 may denodul ate the signal and make a hard-deci sion on the ACK
channel data. The reconstruction signal nodel may be the same as Eq. 2.
[00116] Anather approach to reconstruct the ACK channdlctaisgnshiassunes t he
denodul at'%¥4 2&%@7H§£uwl ated ACK signal, after normalization, may be
represented as: y=x+z, where X is the transmtted signal, and z is the
scal ed noise termw th variance of a2 .,,,.Then, the log-Iikelihood ratio
(LLR) of y is given as Pr(x =1 1Y) = é L=1n Pr(x = -11 Y) a2 Then, for
the reconstruction purpose, a soft estimate of the transmtted bit may be:

z=Pr (x=1) . | adrsu=them tegether.dhen( pyead by ane PN)sequenke andfiltes dyoughithe channelpher e
the tanh f ' t abul at ed, ' i
Similarto. Rae el APa! Y’ ApRdnetlAfmaf SR Sl AN ARy b CPTY

the soft exbnBRiKAnARAICRRSHradidnPuraeer cach shoul d give a better
cancel l ati on performance since the receiver does not know the data for

sure and this nmethod brings the nfi den | evel it o pi re. This
approach in general may be exten&f‘{fdio‘ggqeﬁ%lﬁﬁs ch&zcéfis'}ffé‘gtioned above.
However, the conplexity of the maki mum aposteriori 6robabi lity (MAP)

detector to obtain the LLR for each bit grows exponentially with the nunber
of i nfor mageintPIC,IG1C, and@ME#Ccode synbol . [001171 One efficient way to

i mpl f head truction i i | h
debodelb ALY head et g G i amay P aeherivd Y GebiWs BeypPRENGEF 27 code.
WO 2006/ 071&6&aﬁq%w§2&?5di@4ﬁi%em2decam%m&da@lmﬁbﬂ@edehs%ﬁ PICheNC shd ead by

one PN sequence and filter "through the channel - scaled filter h all at
once. This K Moy yidd ddterant pystam pesfasmarnc 29 deférentempadss am Bardyyaigpiesign
bandw dt h fg(;mag)myr_action purpose. 1: cfdf hfO becones (Ecfdf hf)o

PIC First Then OIC And TIC Together (First Scheme)
[00119] FIG. 12A illustrates a method to first perform PIC and then perform OIC and

TIC together. After a start block 1200, the receiver derives channel estimation for all
users and performs power control in block 1202. Since the pilot data for all users are
known at BTS, they may be subtracted once their channels are estimated in PIC block
1204. Therefore, all users’ traffic channels and certain overhead channels observe less
interference and are able to benefit from the in-front pilot cancellation.

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

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

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



f f Joint PIC (M and TIC [001181 Joint PIC, OC and TIC may be
performed to achi eve high performance and increase system capacity.

D fferent decodi ng and cancellation orders of PIC, OTC and TIC nay yield
different system performance and different inpacts on hardware design

conpl exi %o 01)6%7'1:‘;655t Then O C And TI C Toget her (Firstp&nuenet@9119] FI G
12A illustrates a nethod to first performPIC and then perform A C and TIC
together. After a start block 1200, the receiver derives channel estinmation
for all wusers and performs power contrgl in block 1202. Since the pilot
data for all users are known at BTS, they may be subtracted once their
channel s are estimated in PIC bl ock 1204. Therefore, all users' traffic
channel s andveclep wathrthis geuhed dadkkts bemd{is frotndbis\candedation. | Thieeaheglleticremand ar e

able to benefit .fromt.he, in-front . pilot.cancellation. 201 Bl ock 1206
chooses a gf A &Gy 88%03 disf aﬁ%e«l:lgté?n g _mgf_?s,an\%%u g}éroﬁg%%[é@ gﬁ%?ysmglu bpacket s

ter m ngdog2At CurFienti2Bli0tstRey b ahyaratdh otiprislidOBredrd 123pariotdaperform the
overhead/traffic channel denodul ati on and decodi ng. In block 1212, .only the
successf ul | ethed MddGe Hafnelheiareansnd 330- 1944 na FdHs d 7B opay ba iaplemspteddi ed from

the front- ﬁ{}ﬁwﬁé}\écﬁ&%\%c@&%hﬁﬁ %g?@a‘?éﬁnd%%ﬁre Bl ock 1214 checks

whet her there are’ nore users to decode. Block 1216 termni nates the process.
[ 00121]j00T283 decobliGagBAatustmtes actariativnoafibemetivd om FiGyl28e Blocks E204uand i al
fashion from one user, in a group,to the next.user jn.t r whi ch may
be cal led sIRAOYEEsiERal l?aﬁ"tde?‘*%‘rlgﬁ’g@h@%e&ﬁq%‘{%?@°°Ikr112{bﬂi g%fg&ﬁ@@@?ﬁ‘feﬁsers in
| at e decodi RUHaRLKiREd @harinBle efidRe o8 lOHHNBE RRANEE eftirR4te.t NPDatg-dRke! draknedns of
users in earlier decoding order. A sinplified approach is to decode all

users in thestisatee may oRIpViAe ras betten pliannish stismabe, r atcdesemilady belpwit ePlogk d3e
contributi °B€tfo"i”ﬁ1|s r@&i%@aﬁgﬁgaﬁggm %{%ﬁ%}da qpﬂgegag%ﬁ e oF hﬁé”%ﬁ%‘?{??‘%%& Rda bel ow)

all ows both ' Tower ne and nore efficient pi
ar chi t ect ur eefinementloftie chasebestifate inblek 13@acket s whi ch do not term nate at

th | ot boynd t D, 2006/.0717 US2005/ 046744. 22 overl a
Wi eh E AR un B Satnelis CoBeE ARtk IEA-L2 S eLh Gaoving 4 mital P
cancel | ati OgighR ¥stirAfte Q&1B! pﬁ&(r)si%gvimgpiﬁdm e lebBvedadatldsatTien, wheddod B an

asynchronous CDVA system [ 00122 G 12B illustrates an apparatus
conpri si ng heltenshamgbestimpde deriysdrindrenkt H0, the method forms the revised signal

estimate P2[n]. The method may then remove the incremental P2[n]-P1[n] difference
' from the sample locations in the RAM 312.

[00125] FIG. 13B illustrates an apparatus comprising means 1230-1244, 1310, 1312 to
perform the method of FIG. 13A. The means 1230-1244, 1310, 1312 in FIG. 13B may
be implemented in hardware, software or a combination of hardware and software.

PIC First, Then OIC, And Then TIC (Second Scheme) ‘
[00126] This second scheme is similaf to FIG. 12A described above with the exception

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



met hod of FIG 12A. The neans 1230-1244 in FIG 12B may be inplemented in
har dware, software or a conbination of hardware and software. [001231 FI G
13A illustrates a variation of the nethod in FIG 12A Bl ocks 1204-1210
remove a signal based on an initial channel estimate in block 1202. Bl ock
1300 deriﬁgg‘m@79?}a-based channel estinmate or a refi nged/@evsnad7aLsti mat e.
Dat a- base LEGT estimate may provide a better channel estimate, as
descri bed bel ow. Block 1302 perforns residual PIC, i.e., renoves a revised
estimate of the signal based on a refiqyienent of the channel estimate in

bl ock 1300. 1001241 For exanpl-e, consider that blocks 1204-1210 resulted in
renoving an_initial signal e.g., pilot signal) P1[n] fromthe
recei ved sadeintRilotf)yexhe: gl aHgp g Thixd Sghgme)der i ved in

(Ve ) zell HO ] 1 N S
bl ock th ; ' | O ' 2 t hod
oy nd L oc (R AGTE B SR MAmcrRICER s R T

ok |PfI
1? fference romthe sanple
| ocat i ons i blothé4@RNhSkReivarOdtized clianfs:! es@Batidn| fos atlatsers aad papfparsagorer

conpri sing nmeans. 1230- 4, 1310 312 to erfarmth t hod,,of F 13A
The eans 1590 T indiook B4, Biosko I eees SmefinGyTuiReco ] Biren g 1906
hardwar e, seaf&iags Othed cRARBI NFdm Ofilod. hBIstver e4080Kd190hitviagte to FeHofth I St
Then O C, And Then TIC (Second Schene) 1001261, This second schene is

simlar to Pyatheadfmaffifechapnd dgmadidationand decoding. dYleept4idrperioras PI6v6F Rbad

channel s of ' r ' e ggﬁgﬂg% ﬁ; ed before any
traffic chaHgneg gsn%g(?@ %gﬂgﬁr;({n dgggﬁsﬁglesgg ed. [ gg%@éﬂlglrru%??ggsui table for a
non- i necesjaced Biffranfmnnde fivet sherhe (FIGCK2 Apddtusea atsovenyftes dek. chaomel an
interlaced system _ e.g., Rev si nce ACK/ NAK si S I o the
traffic chafi ’@Fat‘gﬁgﬂaﬂgéi@%‘?@ I@a’ é]j’eal?)‘f S %&&iﬁ%ﬁ&%ﬂ%ﬂ@ 5%?{'?&2311%
channel SUbB%EtkaQ&a an8 tIEEORhR] eirRatloh 13 4 RE f6:poNel Rbiitrdd as GRURMECSkRdnge. (| sl ot
= 1.67 ns). Therefore, if certain overhead channels spread over nore than

this time sdhém forthgreup ehusees why tayameted atithesawe preket/subppeket beuaday, then DO

For mat and Taod e CaRAty AAdb B R R Bl h e MRb 005 046744
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1001271 FIG, 14A illystrates a thod to.performjoint PIC QC d TIC
After a st afhe Pist §lge ﬁ‘b@s ﬁ@%&é?%é?ssdgt?’if?E%cec d tosthe fe; @R"*or al |

users and PeEEYWHRnRPWaE demodulated for power control due to interference cancellation of
previously decoded 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
one user at block 1412, the method will subtract this user’s interference contribution
ﬁém 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 and software.

[00132] FIG. 15A illustrates a variation of the method in FIG. 14A. Block 1500 derives
data-based channel estimates. Block 1502 performs an optional residual PIC as in Fig.
13A.



control in block 1402. Block 1404 chooses a group C of undecoded users.

Bl ock 1406 re-estimtes the channel frompilots. Bl ocks 1408-1410 attenpt
to perform overheaditraffic channel denodul ati on and decodi ng. Bl ock 1412
performs PIC for all users and OC and TIC for only users with
successfulwg 2asvoded channel data. [001281 Different frremusSh@sf4a7st schene
(FIG 12A) discussed above, after the channel estimation for all users
(bl ock 1402), the pilots are not subtracted from FERAM 312 right away and
the channel estimation is used for powey control as the non-1C schene.
Then, for a group of users who term nated at the sane packet/subpacket
boundar&’/a the nethod perforns sequential decoding (blocks 1408 and 1410)

in a gil&¥lor derFIG doB2Yustptss apFPRATRIEHFATBRISHIECBERT d *4dd 30, IR0 AdR fi r st
re-estimte h 1 I s less
I nterferenc ergogxrﬁrptgggjgmtggofﬁﬁnwk el?ﬁnlla& Mooﬂl%vvﬂﬂﬁ)llstﬁ\?gs efr)rthBdlt?}th ed for
power cont r b inguliendntedi mhdeareesrdbvax:mr@siohﬂpunaaqn of harpwav andisdfywade coded
packet s whi ; - ded traffic packet. Therefore,

t he channel ich benefits both traffic

channel ootiiﬁqodl ngu ang a@ﬁmeﬂldt q;&stgaheﬂ@r%@ﬁla&m@su EHbSpdiftmaRRvagipaattd mat i on
S used for traffic channel decodi ng (bl ock 1410) as well as certain

over head chtribird a@@@awﬁge tb%p%wmg@re keovgn at thei BT apthe makes sgnsexty . Once
the decodi “9?8.%10&8& Sodt! Nis ‘flfséh%ﬁles%eaééﬁrﬁ d 3 QJ«@plgomtheaﬁgggRWt hod

wi |l subtrac hi's“user”s intertrerence contri utlon 312,

whi ch i ncl ugwsdity, ttse fitst ethen{eamayebut@adoranmedhirmdeitémeothmdgbmd/allr &dtd rgeschannel .
[ 001301 Bl ogk 1414 check th er there are nore users. to decode. .Bl ock
1416 term HAVEET i Hhe U G R S A e R
compri Si Ng. [RAMSentd din tHE3artio ARRIAABMILN, UiERAIASeR LidinSl cddficichiugans
1420-1436 in FIG 14B nay be inplemented in hardware, software or
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cancellation quality of the third scheme may be better than the first scheme.

[00135] From a hardware design perspective, the third scheme 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 rgquircments.

[00136] If it 1s 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 favors the first scheme if all users are in low data rates region and
the opposite if all high data rate users. The method may also re-estimate the channel
from the traffic channel once one packet of data is decoded. The cancellation quality
shall improve since the traffic channel operates at (much) higher SNR compared to the
pilot channel.

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

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



be inplenmented in hardware, software or a conbination of hardware and
software. Tradeoffs Between The First And Third Schenes 100134] It nmay
appear that first scheme shoul d have superior performance conpared to the
third schene since the pilot signals are knowmn at the BTS and it makes
sense to m@%.,ﬁdmm in front. If both schenes are aspggieshodsnibave t he
sane cancel fon quality, the first schene may outperformthe third
schenme throughout all data rates. However, for the first schenme, since the
pi l ot channel estimation sees higher isqterference than the traffic data
denodul ati on, the estimated channel coefficients used for reconstruction
purpose (for both pilot and overhead/traffic) may be noisier. However, for

the third sp¥ema time.ndethin@lgi O8E, Tiamseirs.dben FF&tEWsWP‘élémé’ pangR bef or e
the traffic n co g, I ey by this
refined ch%egg{é% glge???rea | onglt(ogst% gll&hé’vg@gat%%cfré arti agmlal % %ﬁp%tl on.
Then, on avemmaged mt\haoumﬂéreldnat:amlleqtﬁalsuhsﬂs@if atdees tbmmais schene may be

bet t er than t he %st sC [ 00135] From a hﬁ:ilfi desug) ers ective,
the thil®d38che PG lé tglﬁebfﬂEm dgflerence fan FROFREO™Of 5t and
decoded ovepfreagcand dICﬂff rl dhe GB@H € inftaféin FRORARMNTE), Ahméﬂatpgﬂﬁémﬁrto

therefore, this approach saves nenory bandwi dth. On the other hand, the
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requi r ement me[ ODHe36 twb fapprioadtss asasyuivee applieditto tahg dfi thstrnesmide,mhhaes, @886 or 90%
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The length of the pilot filtering is typically chosen as a compromise between increasing

the estimation SNR 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 described above with FIG. 4, one practical method of implementing
interference cancellation in a CDMA receiver is to reconstruct the contribution of
various transmitted chipx1 streams to the (e.g. chipx2) FERAM samples. This involves
determining the transmitted chip streams and an estimate of the overall 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 several techniques for improving this overall channel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1xEV-DO, 1xEV-DV, WCDMA.

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

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



point intine. If this (PIC, OC, TIC) occurs, then the FERAM woul d only
contain residual interference and noise. Pilot, overhead and traffic
channel data may be canceled in various orders, and cancel ed for subsets
of access termnals. [00138] One approach is to performinterference

cancel | at i@ 2006107186y conbi nation of PIC, TIC and O C) PCIUSaMS/04Se&r at a
time fromthe RAM 312. Anot her approach is to (a) accumul ate reconstructed
signals (of any combination of PIC, TIC and O C) for a group of users and
(b) then performinterference cancellat¥on for the group at the sane tine.
These two approaches nmay be applied to any of the nethods, schenes, and
processes d%a?{-}' Dd8dshesig. T4 48 DR QM (reERAN Gp S b TBC Wi FRpilbfrR{ceT ence
Cancel | ati on 1001391 The ability to accurately reconstruct recel ved sanpl es
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[00144] Instead of estimating the multipath channel at each of the RAKE finger delays,

this section also describes a channe] estimation procedure that would explicitly estimate
a combined effect of the transmitter filter, multipath channel, and receiver filter. This
estimate may be at the same resolution as-the oversampled front-end samples (e.g.
chipx2 FERAM). The channel estimate may be achieved by despreading the front-end
samples with the reconstructed transmit data chips to achieve the T2P gain in channel
estimation accuracy. The time span of the uniformly spaced channel estimates may be
chosen based on information about the RAKE finger delays and an a priori estimate of a
combined response of the transmitter and receiver filters. Furthermore, information
from the RAKE fingers may be used to'refine the uniformly spaced channel estimates.
[00145] FIG. 16 illustrates a model of transmission system with a transmit filter p(?),
overall/composite channel A(f) (vs. multipath channel g(t) described below), and
receiver filter g(r). The digital baseband representation of wireless communications

channel may be modeled by L discrete multipath components



WD 2006/ 071761 PCT/ US2005/ 046744 26 gain, and re-spreading. To estimte
the received sanples for TICwth the pilot channel estimte, the transmt
chip stream woul d be convolved with a nodel of the transmtter and
receiver filters and the RAKE receiver's channel estimate from despreadi ng
with thewotosoRN1sequence. [ 001431 I nstead of using poeuUpt®4cTAANNE
estimate, an inproved channel estinmate (at each RAKE finger delay) may be
obt ai ned by despreading with the reconstructed data chips thenselves. This
i nproved channel estimte is not useful27for data denodul ati on of the
packet since the packet has al ready decoded correctly, but is rather used
solely for reconstructing the contripution of this packet to the front-end
sanmples. Wth this technique, fgy)edch sf-the delays of the Ef#ord3 ngers
(e.g., chipXs8 resolution) the nmeth may "despread" t he recelved sanpl es
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explicitly estimate a conbined effect of the transmtter filter, nultipath
channel , an#milagis apesxampie gf) digplayed "églcq it &herayergll channelgstimatds BYER| ut i on
as the overganpled front-end sanples (e.g. chipx2 FERAM. The channel
estimate may be achi eved by despreading the front-end sanples with the
reconstructed trans dat ac ieve the T2P gain in channe
estimation accuraci’% I’E’eﬂtéﬂé ﬁﬂ!“’g’f %he uniformy spaced chéwﬁ 4
estimates may be chosen based &h information about the RAKE finger del ays

and an [go1pg]i or i EXESsi 18K endi8Mshowoibéxandle (FTRAMREestinatibe (redlang ¥nidigdry and
receiver filters. Furthermpre, .information fromthe RAKE fingers nay be

used to ref FeTBPANRESLRASEhPREhy %b‘&é‘é@inﬁlﬁkﬂ%ﬁeﬂha@ﬁl rheachof threg) fnaers- 16
overal | comsatliaShpl b eARARIEN SphaEs IR, WP ISR e giat ')
bel ow), andstarsedbe r/aeonshmbmcmr(dqt@etd)lme)ﬁsebasﬂ:d@ntuslhg I&B:sebaEqnanexpB ebmrt dhe on of
wireless COM ﬁr?gtelr fhnel estimates in FIGs. 18A and 18B are based on despreading with

pilot chips (where the overall pilot SNR is -24dB).

Despreading at RAKE Finger Delavs with Regenerated Data Chips Instead of Pilot

Chips ‘

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

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

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



channel may be nodel ed by L discrete nultipath conponents WO 2006/ 071761
PCT/ US2005/ 046744 27 L g(t) _ ta,8(t -r,) Equation 3 r=1 where the
conpl ex path anplitudes are a, with correspondi ng delays t,. The conbi ned
effect of the transmtter and receiver filters nay be defines as 4(t),

wher e O(t‘%1 0%2)7 (r)q(t) Equation 4 where (r)denoteycamsezalswid’on. The
conbi ned ?89 8 ten chosen to be sinmilar to a raised cosine response.
For exanple, in CDMA2000 and its derivatives, the response is simlar to
an exanple 4(t) displayed in FIG 17. THge overall channel estimate is given
by ¢ h(t) = g(t) (9 O(t) Y al(t -,r,) Equation 5 [001461 FI Gs. 18A and
18B show an exanpl e of channel est| matlotpé gﬁ naréﬁcorrponents)
based #91¥Me estilFat?®4 HyFTapnae imethed, fr) degpre %ab ays; Wikr s
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for es es readi n t to a user's
{r st ed e oG b i iend il RVr P v hihel SR g i
respectjptiso)a USEFIG 20BaN6statds @6 apparkb coipiiing me312480-2680 &d perfdiat the he RAKE
finger channel estimates in FIGs. 18A-18B are _based on

method of FIG. 20A. The means 2020-2030 in FIG. 20B may be implemented in

hardware, software or a combination of hardware and software.

Estimating the Composite Channel at FERAM Resolution with Regenerated Data

Chips

[00151] Classical CDMA receivers may. estimate the complex value of the multipath
channel at each of the RAKE finger delays. The receiver front-end prior to the RAKE
receiver may include a low pass receiver filter (i.e., g(¢?)) which is matched to the
transmitter filter (i.e., p(f)). Therefore, for the receiver to implement a filter matched to
the channel output, the RAKE recetver itself attempts to match to the multipath channel
only (i.e., g(¢¥)). The delays of the RAKE fingers are typically driven from independent
time-tracking loops within minimum _separation requirements (e.g., fingers are at least
one chip apart). However, the physical multipath channel itself may often have energy
at a continuum of delays. Therefore, one method estimates the composite channel (i.e.,
h(f)) at the resolution of the front-end samples (e.g., chipx2 FERAM).

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

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



despreading with the pilot chips (where the overall pilot SNR is -24dB).

FI Gs. 19A- 19B show exanpl es of an inproved channel estinmate based on RAKE
fingers and despreading with the data chips, where the data chips are
transmtted with 10dB nore power than the pilot chips. WD 2006/ 071761

PCT/ USZOO&/ %@6@4761 28 [00149] FIG 20A illustrates a nmthoshodspicdespr eadi ng
at RAKE fi ﬁ)ger & ays with regenerated data chips. In block 2000, rake
receiver 314 (FIG 4) despreads front-end sanples with pilot PN chips to
get RAKE finger values. In block 2002, genodul ator 304 perforns data
denodul ation. In block 2004, decoder 3 perfornms data decoding and checks
CRC. In block 2006, if CRC passes, unit 400 determ nes transnitted data
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filter (i. t i.ch is ched to_th tran mtter filter
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del ays. Thewgiféigy spab&d m?mat aﬁlsxzr&ts@lan&mqnmmsm gmhwmicrﬁpsm h(t))
at the resolution of th ront-end sanpl es px2 FERAM . 1001521
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liein a
only at the RAKE finger locations. At high SNR, the effects of “fatpath” limit the

ability to accurately reconstruct the channel using RAKE finger locations. The uniform
sampling approach is particularly useful when the estimation SNR 1s high,
corresponding to the case of despreading with data chips for a high T2P. When the T2P
is high for a particular user, the channel reconstruction fidelity is important.

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

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

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



particular range. This range of SNR may result in a conposite channel
estimate derived fromthe despread pilot chips that has a relatively |arge
estimation variance. That is why the RAKE receiver attenpts to only place
fingers at the "peaks" of the energy delay profile. But with the T2P
advant age W0 2088p17édi ng with reconstructed data chi ps,PCTVUR0GSHMIdEI t e
channel estimation nmay result in a better estimate of h(t) than the direct
estimate of g(t) conbined with a nodel of 0 (t) . WD 2006/071761

PCT/ US2005/ 046744 29 (001531 A channel30estimation procedure descri bed
herein explicitly estimates the conbined effect of the transmtter filter,
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the data chiwst thiNRgh hsthe ARBBile GRIsHRER QReds8 Erinthal. pi | ot SNR of -24dB and a
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encoding, etc., whereas “samples” are reformed based on using the reformed chips and

incorporating the effects of the wireless channel (channel estimate) and the transmitter

and receiver filtering. Both words “reconstruct” and “regenerate” essentially mean to

rebuild or reform. There is no technical distinction. One embodiment uses “regenerate”

for data chips and “reconstruct” for samples exclusively. Then, a recéiver 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 A

[00162) Multi-user interference is a limiting factor in a CDMA transmission system and

any receiver technique that mitigates this interference may allow significant
improvements in the achievable throughput. This section describes techniques for
adapting the transmit subchannels gains of a system with IC.

[00163) In the reverse link transmission, each user transmits pilot, overhead and traffic
signals. Pilots provide synchronization 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



del ays. In block 2202, denodul ator 304 or anot her conponent determ nes an

i nproved channel estinmate by despreading front-end sanples with
transmtted data chips at uniformdelays for an appropriate tine-span.
1001561 FIG 22B illustrates an apparatus conprising neans 2020-2030, 2220,
2222 to peohowwrtrie met hod of FI G 22A. The nmeans 2020rQAOE2005m4EHG. 22B
may be inplenmented in hardware, software or a conbi nation of hardware and
software. WD 2006/ 071761 PCT/ US2005/ 046744 30 [00157] In the description
above, g(t) is the wireless multipath channel itself, while h(t) includes
the wireless nultipath channel as well as the transmtter and receiver
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esti mat nd th and .receiver filte wor
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Systens Wth Interfeerence Canc ati1on
exploiting the potentials of IC while providing robustness for a transmission on a time-

varying dispersive subchannel.

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

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

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

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



1001621 Multi-user interference is alimting factor in a CDVA transn ssion
system and any receiver technique that mtigates this interference nmay
allow significant inprovenents in the achievable throughput. This section
descri bes techniques for adapting the transmt subchannels gains of a
system wi tWOR@6/0f1001L63] I n the reverse |ink transm ssi ®CT/GSaWN04S6r
transmts pilot, overhead and traffic signals. Pilots provide

synchroni zation and estimation of the transm ssion channel. Overhead
subehannel s (such as RRI, DRC, DSC, and2ACK) are needed for MAC and
traffic decoding set-up. Pilot, overhead and traffic subchannels have
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subchannel s rﬁ'a'r—r%‘am'm's—t C. The techni ques are based on
CDVA  d9H69ns s uTio psrafvteROhBemdy boadjused e ovgyhtadesdbehanielghivs Red traffic W CDVA
EUL, and cdma200 001651 .The scribed techni gues. i.npl emrent power and
gai n cont ro%10 Bﬁ"td&%?grggﬁlt c-ﬁ&gr‘lsel"‘%twﬁyﬂﬁd%‘ﬁque\% Iwbgﬁgﬁe&gﬂj’stﬁgy\ﬂg& n of
each subchamnrplasaicEaittiens nbR TIOE in SRaStdrB6wRahbRITRIMESrhde-d e béfvea! theacket
error rate, SINK or interference power. The aimis to provide a reliable
power and ga&ilef a8 evebpadesioEmansa Bhdenoing vtk G thebpseliag 61 wsed i the cyaent
potential s I el , o .transm ssion on a tine-
varyi ng di sgiésgééf&ﬂ%‘éﬂ%eﬁynﬂetﬁé 6\%6%%2%&%&&%?2}%@?3%@ cancel lation refers to
renoving a contribution of |ogical sgbeanpels to the front-end sanples

after those subchannel s have been decoded, in order to r_educe t he
i nterfdf@itie on brirelC sshgned the pherheadipilot dnbcliwnelsiest thesamre interfefenc; levdle

transmtted pj,lqt .signal .i s known.at .t TS and the (receiv ilot is
reconst ruct 35{}’63‘53@09 el a5 agls’iap?rg‘lig. myﬂvé%tt’s%ﬁ?ﬁy pteﬁgm?aﬁlf%k erence
i's renoved Byth dvefRRS kiidl Ghffidchaiily SRinvigite Sl hedipagilot tdhEed Bstiniioge coded

version at the BTS. . C .
en IC is used, the interference level is different for the overhead/pilots and traffic,

and T2P may be reduced in order to allow coherent performance 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:

' T2P'=T2P -Apyp

[00171] The parameter A;,,can be quantized into a set of finite or discrete values (e.g.-
0.1 dB to -1.0 dB) and sent to the access terminal 106.

[00172] Some quantities that may be kept under control are traffic PER, pilot SINR, and
rise over thermal. The pilot SINR should not drop under the minimum level desired for
good channel estimation. Rise over thermal (ROT) is important to ensure the stability
and the link-budget of the power controlled CDMA reverse link. In non-TIC receivers,
ROT is defined on the received signal. In general, ROT should stay within a

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



[00167] Current BTS (with no IC) control the power of the pilot subchannel
Er- in order to neet the error rate requirenents in the traffic channel.
The power of the traffic subchannel is related to pilots by a fixed factor
T2P, whi ch depends on the payload type and target term nation goals. The
adapt at i oy oPfpodi¥grei | ot power is perfornmed by closed PoDpSpEMBE74¢coNt 1ol
mechani smincluding an i nner and outer | oop. The inner |oop ains at
keeping the SINR of the pilots (Ecp/Nt) at a threshold level T, while the
outer-loop power control changes the gfireshold level T, for exanple, based
on packet error rate (PER). [001681 en ICis perfornmed at the receiver
(FIG 4), the adaptation of the subchannel .gains may be beneficial to the
system In Yer trelibchannel sees a different WD 2006/ 071761
PCT/ U 046744, i | r [ j ' to

pi | ot ?‘%Qﬁgtl 4 pd %‘8%&%3‘@8@% oA %F@?ﬁ?n’%ﬁ’é"e‘& %i? E)Heﬁ'rg%il/\i%&\ém%ehmgﬁ Lo

per f or mancef iffthiferesecfiom theneyeisal signal lyeldsraotstieationfof gaivar. Hiémtdiaates ftier
overhead and pil ot subhghanne) s, and.techni s .are.described for the

adapt at i on %?‘%ﬁEPWi°? eiS}%‘PL“zé‘H’“FﬁféB? ﬁ%‘i@ﬁg‘l{@%?ﬁ?’ﬁ?syst emby fully
exploiting the 1C [Inportant Par arret1§vrgs]0i_ n a Systemwith IC [001691 Two
paraneters that, may be adj usted e qver head, subchannel ins a traffic
to pilot ( )vablﬁiof%.]o Wf@ﬂle ﬂeé;s"ir%daﬁéﬁf? 9&?3{0“?%“ W@?ﬁ?é‘ﬁﬁr 1§B%c 5‘?1%4;?6&& ns may
be i ncreasgith the @Catvnes IC S pePrmiéd ihe ROT BsHBimpéitaat for\theovieRiesd f | exi bl e
trade-of f between the Cs)i | ot and over head performance. By denoting with G

t he basel i risbehapredpnd RQhehouldriecqntrolipd sxithrespestdo A dweshald,be.dp easee thater head
channel gain will be: G =GA . [0017011I n no-1C schenmes the overhead/ pil ot
subchannel s see the same interfer@ite LeyRDT,3s the traffic channels and a
certain ratio T2P/ G may give satisfactory performance for both overhead
and traffic cha}}nel erformance as well as pilot channel estimations.
Wen | C is WREH olsﬁielf%ieé%of”éf'ence level is different for the

over hegg{j | ot s mfwkver, #hfficCand s8R oléRedBAibERANAASYEREAL bBo BHoHPihe 1O, Thd OW
coherent performance of the two types of subchannels. For a given ({)ayl oad,

t he met hod deegdingperfommanczpf Hese aekannels is related ¢o thesipe pverithetmeb sisagwred o t he
tabul ated v, ' [ deyr |, Sf I [€ S t] with
T2p t e bachie 18 HRtERr: § AEHE Yookt HEIbROBRI ke e HEME b 5 L
power. The effective ROT may be controlled by a threshold, 1.e.,
ROT, = L' ROT
NO
The constraint on the ROT,; may be equivalently stated as a constraint on I,’, under the

assumption that the noise level does not change:

(thr)
1< 1™,

where I$*” is the signal power threshold corresponding to ROT (7,

= thr

Fixed Overhead Gain Techniques

[00175] When the ROT increases, the SINR of the pilot and overhead channels (which do
not benefit from IC) decreases, leading to a potential increase in the erasure rate. In
order to compensate for this effect, the overhead channel gains may be raised, either by
a fixed value or by adaptation to the particular system condition.

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

subchannel and the A,,, for each user.



the new value of T2P will be: T2P = T2P Or72P [00171] The paraneter a 72P
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 106. 1001721 Sone quantities that
may be kepoagen’@ontrol are traffic PER, pilot SINR PER¥S2005/8%74dver
thermal. The pilot SINR should not drop under the m ninmumlevel desired for
good channel estimation. Rise over thermal (ROT) is inportant to ensure the
stability and the Iink-budget of the Pdwer control |l ed CDVA reverse |ink.
In non-TIC receivers, ROT is defined on the received signal. In general,

ROT shoul d gt@yd WOPQbﬁltral of A BARKE ik 8H=l0aipe to allow for a good

capacity/ coverage tradeo CT/ US2005/ 046744 33 Rise Over
Ther mall00&Bht r ol HiG 23 3ilustrgtes achlased ooptpreenessel BC) fae Egi A drerafndtfiredi nput

of the receiver o tign f t recgi;ved signal
yields a reéﬁct |00§1-§oqb?o%gv\grolg?1 ﬂus ﬁolt épﬂ%ﬁ %F Weg\%g a {e&p%ev\é d 8 si gnal
at input of cémhgisdenodul at or 304 after IC. 10'< 10 The val ue of Io may be

measured fromthe front-e d sa | es after has en updat ed ith the IC
Waen | €941 §8lperfo§rre&nnef °°§P|% to b)it“éaﬁ't pg ?mi PEWEY EPPEA IR 2

subchannel, cafidntial r%ﬁ'xﬁiélr fbrla?e éaeﬁaﬁ&l df%;l,, V@&t& 15@p$mtreée%§ tdrgdi @8RGNG. i . e.

to ensure that ROl = < he noi se power. 100174]
However , trgﬁﬁc&%dh@mooﬁé%m@vsmb&mhwéﬁsZ%?n@ﬁamawdfmlmﬁﬂﬁ% | C.
The decodl NG &S Z%’Ié)krrance of these subchannels is related to the rise over
t hermal , neasur after I1C. Effective ROT is the ratio between the signal
powﬁr a‘?]mﬂ | C aBd A blesgiolose gaip @osttol (GiT 280 aﬁptsv&?memlﬂ& menﬁnne(dfl ed by
a thresho The constr on t he egnmay
be equi val eHFIr?“%Yth"é‘GE‘éf?“%? 5%&%0%01&%8@ becewme%suﬁeﬁél F@R&)Tt hat

the noi se | ReAlerdR@SulREs ARENARe rdeeiver HehdutesAhe ifferference removed by the IC
scheme and adapts Arzp.

[00180] C. Arp can be sent in a message to all access terminals 106 in a sector

periodically.
[00181] For the adaptation of App, if the interference after IC is reduced from [j to I,

the T2P can be consequently reduced of the quantity:
1(') ROT, ROT,;

r2p = 70" ROT
[00182] The E, will increase (through the PC loop 2304) as:

I

[ 0
Erp - I(rhr) Ef-‘P'
0

[00183) The ratio between the total transmit power for the system with and without IC
will be:

E, (1+G+T2P)
CE,(1+G+T2P)’

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

ratio C can be approximated as:

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

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

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



where 10("r) is the signal power threshold corresponding to ROT, hq) .

Fi xed Overhead Gain Techni ques [00175] Wen the ROT increases, the SINR of
the pilot and overhead channels (which do not benefit fromI|C) decreases,
| eading to a potential increase in the erasure rate. In order to
conpensat avo ewehtirel ef f ect, the overhead channel gai nspoayuSk@snaraed,
either by a fixed value or by adaptation to the particular system
condition. 1001761 Techni ques are descri bed where the gain of the overhead.
subchannel is fixed with respect to tHé pilots. The proposed techni ques
adapt both the level of pilot subchannel and the A 72P for each user. WO

20061071761 ; . o o] (o | xed Ac
= 0 dB wmy@?@&%&ﬂ%%ﬂﬁ%éﬁ%{’g@l ﬁﬁgslgdoﬁ&%%% Qﬁc“&%te{ my ?’Ec% Llf or E
and AnP andlehpthatleagh¢wice @s thg@bhpmkerzaﬁlﬁ)lupd'dwserfodr st solution for the
adaptation gf JA. I nner and outer | oops
2300, 2302 Ay ventlonal manner for the

adapt atjg@agsjof E PIG. @dlﬁsﬁtfhe |sﬁﬁ@a¥l31@ 25 @)@&pt\/ﬁié ghinlc@itiol PBBY piedived 4 @fdshéld PER.
I nner loop 2304 receives a threshold T 2302 and a neasured %I|Ot SINR and

out puts EP. effetiyyBPTandA ¢ Pd5&R) (Mlek2498) nltévtermstive meshod Jowthe adaptationnp
based on thgs gEA d&*%gﬁno 51%*}9 Je?t%%%&g}fees?&g[}gﬂ‘%veragé%ﬂﬁdtﬂ I(?_%‘& h@hc 2306

recei ves neasufe Dstre out he recei ver
measur es t heystanise (The Fgydigribwivnuethe lsymé imebotl@asesc I‘Télmffactwf é@ aytvefolppn a] 00180]

C. AnP | | t s 106 i t
per o oal | S, GBIE8 £PS1EBY D dhfo S ERAL AP REr TG AC ARV FORERE Wi P D6 of ¢ or
ICis reduce@%gamei of e sly@zem with o T@Pufréma Qeclséeaa&quﬁdw(irycoﬁ@slu@emmf the

quantity [00182] The Er,, will Increase (through the
PC | oop 2304()nt13)§, 1y |w1]1|£er1§i to be similar to the signal power of the system withno IC. A,,, is

adapted as follows:

I ROTD

Appp =2 = :
™I, ROT,

ACK-based control of Arzp

[00186] FIG. 25 illustrates PC for Ec, and Arzp based on the ACK subchannel with fixed
overhead subchannel gain (block 2506).
[00187) The closed loop GC of Arp requires a feedback signal from the BTS to the AT,

where all ATs receive the same broadcast value of Arzp from a BTS. An altemative
solution is based on an open-loop GC of Arzp 2510 and a closed loop PC 2500, 2504 for
the pilots. The closed loop pilot PC comprises an inner loop 2504, which adjusts the £,
according to a threshold value T,2502. The outer lobp control 2500 is directed by the
erasure rate of the overhead subchannels, e.g., the data rate control (DRC) subchannel
error probability or DRC erasure rate. 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 eQaluate 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 Aryp is decreased in order to fully exploit the IC process.



0 [00183) The ratio between the total transmt power for the systemwth
and without 1C wll be: E (1+GT2P) E~P (I+G+T2P')' where Gis the

over head channel gain. For |arge values of T2P (with respect to G, the
ratio C can be approximated as: lae.) C= | 0" [00184] For the estinmation
of the ef%c.‘lt%jmyﬁnlgpt the effective ROT changes rapi dl pjcgusoeodrstaot h PC and
changes in channel conditions. Instead, Ar2P reflects slow variations of

t he ROTef Hence, for the choice of Ar2P the effective ROT is neasured by
means of a WD 2006/ 071761 PCT/ US2005/ 04£744 35 | ong averagi ng wi ndow of
the signal after IC. The averagi ng wi ndow may have a length at |east tw ce
as long as a power control update period. Cosed Loop Control O T2P Wth
Fi xed Ac> 0YdHahk@Eyerheadpain technigneshe sanme as FI G 23 except the gal n
control 6 recgi oy

2400) . wl‘ﬁ?g al tegnﬁa{tﬁe\fg)p@h?ﬁgg?gthe aﬁl&%h)eygatlo%btﬁﬂgd ﬁ?aaap%ngl?g{se on t he
request of hagwhugatshehesavmheadlskxbmamleggmsf(Grovbdtehd)lt@tandCrp)ede@B. Isykisens.

The Ecp distribut The effect of I C s twofold
on a Ful |y BT fPRIAK F5 8l REElogndle SaT oGPl 5 § 3B eoc

W th respectyd.9d8he signal power of the systemwith no IC ii) due to
cl osed- | oop povver contr ol by PER control, lo" wll tend to be simlar to
t he signal meeE 'J e poershased ayaxhead gain cantrodToP | s adapted as foll ows:

I (I hr) (B% laFl G 25
i 11 ust e PC f or I%G ISOSIm QQ'E gas e%éeﬁ%ﬁp ‘%@}%su 5t a?r[l)ﬁer}’r Hltgé%?l i(gd

of the overhead subchannel 2600 is based on the measured 51gna1 power after the IC. In

this case, the E, is assumed in order to provide the same cell converge of a system with

"no IC. The signal before IC has an increased power I and the overhead gain

compensates for the increased interference. This implementation adapts the overhead

gain by setting:
I, ROT
8o =7w7 “ ot
0 thr
[00191] A, may be controlled to not go under 0 dB since this would correspond to

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

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

loop GC 2306 for Arp, where Arp is increased whenever the PER is above a target
valug, and is decreased when the PER 1is below the target. A maximum level of App is
allowed, corresponding to the level of the no-IC recetver.
DRC-Only Overhead Gain Control

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

[00194] Even when the overhead subchannel gain is adapted, the gain control of Arpp
2700 can be performed with a closed loop, as described above. In this case, the E,, and
Arp 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.



over head subchannel gain (block 2506). [001871 The cl osed | oop GC of AnP
requires a feedback signal fromthe BTS to the AT, where all ATs receive
t he sane broadcast value of AnP froma BTS. An alternative solution is
based on an open-1oop GC of AnP 2510 and a cl osed | oop PC 2500, 2504 for

t he pil ot YO TWeVUIdsed | oop pil ot PC conprises an i nnePCTHSHPIFBEOMA whi ch
adj usts the ESP according to a threshold value T. 2502. The outer | oop
control 2500 is directed by the erasure rate of the overhead subchannel s,
e.g., the data rate control (DRC) subchannel error probability or DRC
erasure rate. TO is increased whenever the DRC erasure rate exceeds a

i erasure rate i s bel ow
t he threshs®HIORY0NER S Alnys =1 gh the ACK forward

subc ha[ﬁa@ds I N pAfdel hE! QRS of RY,p i8R R OnthSleddl] Sid £5AQf 106N8ay6KiNd
NACK, the AT can evaluate the traffic PER (block 2508) at the BTS. A gain
control 251®flevimndoés thearageus seetafsimay geERateriiferent sequests ofERptatpdelles t he
PER is higher than a threshqld, the P.s.incr sqgi until T2P' reached
the basel i n&S%¥ATPYS 9DYOTSMAY) casslﬂieeeﬁﬁg fhs Ot of 8 Avtsn PR B S5 19, | ower

PER, the Al iy d i r . WO
2006/ 07176?%)6?/ Bopear gag%l’zgﬁr%g’g m a‘ﬁ}{°§%§% e gﬁ\}gllr"ﬁ’!érgﬂédggfdﬁq%fglf: h?’%ﬁ%%
1001891 A fthodehrequestpd byrfudigtibaled eéctdriié.et,r anscei ver can be obt ai ned by
adapting not only AnP but also(gﬁe overhead(’ubchannel gai ns (G over head)
to the I1C process. In this cas%mpénqggfﬁgmﬁ%ﬂdback signal is needed. The

]

val ues of AG can be quantized fromO dB to 0.5 dB. Interference

power - basedwryeATeAR tBAAD, Greflifed!by[tstOd! 5. FTHe AP thaly Seceiv@idifidrerdto FI G 24
except with overhead GC 5600. A met hod for GC of the overhead subchannel
2600 i s basequests ftomevareas cellsdandiajpoah thiosese, varfiousrcritenig ciChe adoptedhiAs case, the

ESP is assuned in order to provide the sane cell conver of a systemw th
mo 1C The Brgabmancreee e ne oo REaa B BRAe s T Tae e Phead. gai n
conpensatesm$gqlhgﬁc%gﬁ&ﬁﬂﬁﬁQIgE&ﬁrference. This i npl enentati on adapts the
overhead gain %y setting: la "AO - (Ur)

[00196] For the choice of App both at a cell and at the AT, other choices may be

considered, including the minimum, maximum or mean among the requested values.

[00197] One important aspect is for the mobiles to use T2P' = T2P x Arzp, Where App is
calculated at the BTS based on measurements of lo and Io' (and possibly also
knowledge of I,"™), 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 concepts disclosed herein may be applied to a WCDMA system, which uses
overhead channels such as a dedicated physical control channel (DPCCH), an enhanced
dedicated physical control channel (E—DPCCH), or a high-speed dedicated physicél
control channel (HS-DPCCH). The WCDMA system may use a dedicated physical data
channel (DPDCH) format and/or an enhanced dedicated physical data channel (E-
DPDCH) format.

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

[00200] For TIC, the traffic daté 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.



lo ROT, h, 1001911 A. may be controlled to not go under 0 dB since this
woul d correspond to decrease the overhead subchannel power which is
unlikely to be hel pful. [00192] The gain and power control schenme may

i nclude an inner and outer |oop PC 2304, 2300 for EP, as in FIG 23, a GC
| oop 2600wiPodh71R¢ descri bed above, an open- |oop GC @306shemosemalP, where
AnP is increased whenever the PER is above a target value, and is
decreased when the PER is below the target. A maximum | evel of AnP is

al l owed, corresponding to the |evel of3Fhe no-1C receiver. DRC-Only
Overhead Gain Control [001931 FIG 27 illustrates a variation of FIG 26
with DRC-only overhead gain control 2702. [00194] Even when the overhead
subchalfd] gai n Spscifig geceding tordergy dpssribehhersin BRY Arpprespopd otoc#h OFer der f or ned

with a cl Osn?e%oldgﬁﬁﬁgeaﬁd qg&%rdg?eg?-gp&g@,g d V\Hﬁlc?cgti ﬁ?ﬁﬁisﬁe ﬁroﬂlerel-:deﬁlo?ﬂl?ﬁ%ri&‘np are

controlled as 1nt schene e adaptation o

over head sheoaisarthe pragassno2d@ddutatipg raf packes dfrarh rtbel JERANM IDRCraskatesiithe r at e.
In particula ' bove,a threshol d, the overhead

if th .
subehannel ‘é’{ﬁ%}eﬁ%ﬁ@%}?@gig%%h‘?ﬂﬂ@%‘?ﬂ% DRC erasure rate is bel ow a

thresh o@bz)the OMREN SRR the 2A0K0i1§ ufdeadadl thit infleRARRSA[. sid@IsARHOEPH 71761
PCT/ US2005/ 046744 37 Control O T2P In A Multi-Sector Multi-Cell Network

[001951 Si nieprepantedarsing apy 8 4 yapety fofr diEferent teghralogies andstechniguesan Famr 106
may be in r ng- 3 L Oy L ar ‘ ”5%% ' nt
requests of ‘a égf g?@bﬁ@ﬁc}]}oﬁ@m}é@gg@@gﬁfﬁg %gtlérll)g@’ y bg’ gllc‘)({ngllﬁgired for
t he choi ce it g WT2dereacpdetirougboseths eabbve descripgoriTnayAbe acpresentedebel , a
met hod may crfoose t he m ni num reducti on of TZE ldam)n%g 1t hosge Eﬁ ested by
fully | oade¥P@aT: ByTents clcromaeneljc wayes, magretiq fiplds SHpattielps, QUG g‘gﬁ?‘ T2P1
wher e A( TZRpdrficléd)6r My2BmbRfAtb Bereby t he sectors. The AT nay receive
different Trequests fromvarious cells, and also in this case, various

criteri®2¢%n be Hwsprbakillin thewrowould furtioeerreciafe tharbe vareussHRANG to the
serving sectgicail glo&sAabadls, SREHHs Carkd igor i step€ hbRAb& HOUTHHGAWA M th T L.

embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various i11ustratfve components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality: Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

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

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



[ 00196] For the choice of ATP both at a cell and at the AT, other choices
may be considered, including the mninmum maxi num or nean anong the
request ed values. [001971 One inportant aspect is for the nobiles to use
T2P" = T2P x Ar2p, where ATr, is calculated at the BTS based on

measur ener@ 2¢6/071géland | o' (and possibly al so know ed@ETAfS200904144 and G =
G x AG where AGis also calculated at the BTS. Wth these delta factors
calculated at the BTS, they are broadcast by each BTS to all the access
term nals, who react accordingly. [00188] The concepts disclosed herein nmay
be applied to a WCDVA system which uses overhead channels such as a

dedi cat ed p&Y&?ﬁ?&es&@?%ﬁ)l}rﬁBm dﬁ@&@@n RHEERANG mﬂ ﬁt@&@t&qﬂfhys'ca'
control chann or spee I cat ed yS|ca cont

channel ( HSothRGEH) configeralMGDVA syst em may use a dedi cat ed physical data

(B DRI or k™ Pt 981+ TR BT GUSIIL, GEH iy "D AP PR TD GEDMA.

systems wi t&nﬁd@n@hté HREIBSEd hdréth 8hdyaBE embbdied dir€dly i@ Khrdwdate, 2me séftvadie M t
time interval and 10-ns transmit time interval. thus, a front-end rrem)ry,

denmodul at or Mo e&sa@#é&wcv&ww ip grepmyietien phthe Swp odesofirareppule
b ket d 002001
subpacket s fa¥ R@ﬂf@ d%.{ﬁgf s I d Exgeﬂ{or} rR@M“&exhbﬁg‘; PRV VAR

For TIC, the ' sent by ofle or nore ers in at F ast one
of an EV- DEEP&OMammﬁryf oegisters phard iskV/a PéndReblesdish aACDeROM, .or \Afly 20@6/ 071761

PCT/ US2005/ 744 38 1 201 eci fig. decodi rs descri rein may
cor r espond afﬁ Fﬁ%ff'@? éReI%Wén grﬁ?uﬁlg%g(ﬂ&ﬁd’m‘ﬁésoﬂé %‘&gﬁ&ﬁ% packet
shoul d be ffn‘éB&sE& aiuﬂnmrh@fion B6% a8y rith en fEMRIEIBH So, he HSARCMEADIMNGN a
packet fromthe FERAM 312 translates the interference cancellation into a

better decoterlterngive, the sores mefhpe mapbe yregral to hemrecessor. Rorpracassiardt and
that infor i Sl r Y. Lj ety of
di fferent Pg%ﬁn ogﬁees a% }rg%eégﬁlg ﬁ§e€§§?ﬁ%ﬁ2 ngde A a‘i%%rs%ﬁ%tﬂl ons,
conmmands, i hf drenalltenm;ve,st}@npiosgessm tgd thsey woodgs, medlulrncmapsres1d¢1ats dimyetbe
refer enced t hr ou?‘tl}out the above description nmay be represented by

vol t ages, e WL {eBE8het i ¢ waves, magnetic fields or particles,
opt i cal[oofzml ds OHeadigst i@l RBluded HeRh mntyfé}@ddeosihdt hearoin 14@0EH3drtalnose of
skill in the art would further appreciate that the various illustrative

sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

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

[00208] WHAT IS CLAIMED IS:



| ogi cal bl ocks, nmodules, circuits, and algorithm steps described in
connection with the enbodinents disclosed herein may be i nplenented as

el ectroni ¢ hardware, conputer software, or conbinations of both. To
clearly illustrate this interchangeability of hardware and software,
various illustrative conponents, blocks, nodules, circuits, and steps have
been descri bed above generally in ter of their functionality: Wether
such functionality is inplenmented as hardware or software depends upon the
particular application and designégggﬁhgaints i nposed on the overal

system Skilled artisans may inpl he described functionality in
varyi ng ways for each particul ar application, but such inplenentation

deci sions should not be interpreted as causing a departure from the scope
of t helpres8rtethod, 69PBHNE[ 00204 The various illustrative |ogical bl ocks,
nodul es, ang.gi j L La i O W g i ments

di scl osed h§?§?%§ﬁ%@ﬁﬁgSfﬁgkgﬁgﬁ%gﬁmggﬂﬁgfF@gﬂﬁﬁﬁﬁﬁf%ﬁﬁgﬁggﬁgral pur pose
processor, congpagingalemedglaed qutptestan of®EFR, channdpypith e ghieshold,spleaceifithe

integrate i rcui ASIC), a fiel ogr apgnahl at ray (,F or ot her
or ogr ARt TEgebedeRTe Ebetale NP Bredrarar syt Pines DieRefised

har dwapgntr AR Rdntel, Bid PR SSRRRIRALdIQDSTYekMRtl; desi gned to performthe
functions described herein. A general purpose processor may be a

ni cr opr oces¥dle damadulatedt tuepuds efethmaverbead chinnel pe gbewstbe thrasholse degegding the
convent| anal REAEPRARE syfRAUEO ShmTCHORRM Rdl, or state machine. A
processor mmy al so be |%p emented as a conbination bf conputing devices,
e.g., a conuwimpaddcotedafvetheh¥Sthannel bits 0 kt@ptrogelssoverhead phannal;i ty of WO
2006/ 071761 PCT/ US2005/ 046744 =39 m croprocessors, one or nore
mi cr opr oces¥WFYingveRadHrnngd datittion Be reseived sampley 28y ot her such
config t.l ; 0 I i L L
conneat BT e e b R P& Pt 1
i n har thastrope of the aceeof temminels. nodul e executed by a processor, or in a
conmbi nation of the two. A software nodule may reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory, registers, hard disk, a
removabl e dTEKmetho@RfRMAIN OF whé¥inOth®&lgnalk @oMpHbe Eba¢ AGEisiR N URpleAAEIesy age
mediumis coupled to the processor such that.the processor may read
i nf or mEtPMA)BIEBAS- and wite information to, the storage medium In the
alternative, the storage nedium my be integral to the processor. The
processor and

3. The method of claim 1, further comprising storing the received samples in a buffer and

canceling the overhead channel data from the stored, received samples.

4, The method of claim 1, wherein the overhead channel comprises an Acknowledge (ACK)
channel.
5. The method of claim 1, wherein the overhead channel comprises at least one of at least

one of a dedicated physical control channel (DPCCH), an enhanced dedicated physical control
channel (E-DPCCH), or a high-speed dedicated 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 Release 0 format or an EV-DO Revision A format.

7. The method of claim 1, wherein the traffic data is sent by one or more users in at least



the storage nediummay reside in an ASIC. The ASIC nmay reside in a user
termnal. In the alternative, the processor and the storage nedi um nmay
reside as discrete conponents in a user termnal. [00206] Headi ngs are

i ncluded herein for reference and to aid in locating certain sections.
These headings are not intended to limt the scope of the concepts
described therein under, and these cggcepts may have applicability in

ot her sections throughout the entire'specification. 1002071 The previous

description of the djsclosed enbodi i.s provided to abl e any .pgrson
ski | | e@ng Al ¢ edigpted PRYSIFS) éa%rcﬁafg@fiﬂﬁgﬁéﬁésf@ at iOH&Brﬁ‘P%ﬂ‘f?g @8&%?@1%5”813
modi f i ggtgic%elt(g_mbﬂj@g?f&mggdi ments will be readily apparent to those
skilled 1n the art, and the generic principles defined herein nmaybe

applied to other enbodi nents w thout departing from the spirit or scope of

prl{ ed to other embodim out departing from tf seope.
Lo 1 hoYenbotirgt ok pb iR Rk ety i e SuliBbl KA by by oL ©

consi stigihelWtHehmbihed Fudtieg i phpsisiap dedvnvtdlctihgahel aedlighy Siloo $hghneE based .on100208 1
WHAT IS CLAIMED IS: 40 CLAIMS 1. A nethod, conprising: receiving sanpl es
of si ghlAngekesHafitted froma plurality of access ternminals; conparing
denodul at ed out puts of an overhead channel with a threshold, wherein the
over head channel conprises at |east one of a Reverse Rate Indicator (RRI)
channeb, DaAandteagijeshpriontrol (DRC) channel, and Data Source Control (DSC)
channel ; if the.denDdP a%ed ut puts qf. the over head ch?nnel are above the

|
Chreshol d. HEUSEERENPIRS SRR T0BT 3 BRI OL0IG RS FET ek

maxi mum | i kekbhiaastirtahestMead eahid bjecoded overhead channel bits to
reconstruct the overhead channel; canceling overhead channel data fromthe

recei ved sanpl esscalatiragh deqodedipicshaad gightldyd@ithead channel data, processing
th | t I fi 1 . | .of th
c 52! <3 0, g L S A SR P 0y B98O e acccss

termnals. 2. erei’n e signals’conprise Code
Di vi si on Ml ti pl aimiwiagaplurdlEDhPovetednsthied, ®codddeverielbegdls;cl ai m 1, furt her

Do s e aTB Bl oD o S LB
random noise (PN) sequence; and
filtering the spread, summed, covered, scal_ed, and decoded overhead signals
through a channel-scaled filter;
canceling overhead channel data from the received samples; and
after canceling the overhead channel data, processing the samples to obtain traffic data

sent by at least one of the access terminals.

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



4. The nmethod of claim1l, wherein the overhead channel conprises an
Acknow edge (ACK) channel. 5. The nethod of claim1, wherein the overhead
channel conprises at | east one of at |least one of a dedicated physical
control channel (DPCCH), an enhanced dedi cated physical control channel
(E-DPCCH), or a high-speed dedi cated physical control channel (HS-DPCCH).
6. The nethod of claim1, wherein the4§raffic data is sent by one or nore
users in at least one of an EV-DO Release 0 format or an EV-DO Revision A

format. 7. The npthod of .claim 1, wherein the traffic data is.sent by one
or or e user o i nOAAT EhEF SuEor Tt ffeon B Badesir iy Be R et
(DPDCH)  f or pednn&'dafahng RRACAEn e digat ed physical data channel (E-DPDCH)
format. 8. The nethod of claim1, wherein the overhead channel conprises an

auxi | i ary pilot des¢ravmieg whink ewsthsad chamnchedatac engriradfie gharnebrigtar deqodedy t he
auxiliary picérpetct] hannel based on a channel estimate. 9. A nethod,
conprising: rtecefving sanples of signals transmtted froma plurality of
access term nal sfor theceugkny cdecodedadvarkeadhelaanehdmaehndyraffixc ahirngl elaah
decoded over head si gnal by gai n; covering the scal ed, decoded overhead
si gnal by arwsgﬁctezﬁo@,erhe%%ﬁnﬁa dgtaand frafficichapyel éﬁ@'ear"gd, scal ed, decoded
over heaghashth gt & PARb e kOenSHITE by NPl nel 53130 wafiRGQHIRA QugTMead
signals by a pseudo- random noi se (PN) sequence; and filtering the spread,
summed thesemeleed, scal ed, and decoded overhead signals through a

channel -scal ed filter; canceling overhead channel data fromthe received
sanpl es; and after canceling the overhead channel data, processing the

sanpl eg1t 0 Dk BetholrAfdidim MBtvhersieHe dighadt cdngit Qude MilisidheMaRpas Access
termnals. 10, A nethod, conprising: receiving sanples of signals

t ransni&P¥ep)sigsa plurality of access ternminals, the sanples conprising
pi l ot channel data, overhead channel data and traffic channel data; and
canceling at least a portion of the pilot channel data, overhead channel
data an2l tr @hd methodhéinlagh 1dafuathemcontpeistigrspdring thy received samples in a buffer and

canceling the portion of pilot channel data, overhead channel data and traffic channel data in the

stored, received samples.

13. The method of claim 10, wherein the decoding, reconstructing and canceling occurs in a

sequential manner for one access terminal then another access terminal.
14.  The method of claim 10, 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.

15.  The method of claim 10, further comprising controlling transmit power of the access

terminals based on the determined channel estimates.

16. The method of claim 10, wherein the selected set of one or more access terminals have a

packet terminate at a current slot boundary.

17. The method of claim 10, further comprising storing the received samples in a buffer and



determ ning channel estimates for the plurality of access termnals; using
the channel estimates to cancel pilot channel data in the sanples from al
access termnals; selecting a set of one or nore access termnals fromthe
plurality of access termnals; 42 for the set of one or nore access
term nal s, denodul ati ng and decodi ng overhead channel data and traffic
channel data; determ ning which overhgzd channel data and traffic channel
dat a decoded correctly for the correctly decoded overhead channel data

and traffi¢ channel data, rec nstructi ng over hea nnel and t affic
channercangsling atgast @ AREian; g}h%P' plechapnel d bfg*?‘iea*wagﬁﬁe ﬁaé%aﬂ frﬁf%wélan“e

over heggk q,pg,l@@%lre(pegc@w@@ga,ﬁ}g@sffl c channel data in the sanples. 11. The
met hod ofal I'aim 10, wherein the signals conprise Code Division Miltiple

Access (CDN%) S|gnals 12. The method of claim 10, further conprising
a buf.f.er and canceling the portion of

i h d
f)lt IOI)!t ngﬁ;nﬁ(ﬂ‘e {hggogglgﬁigju%ﬁeéﬁﬂgpn%%a and traffic channel data in the

st ored, recem/\eﬁg SafRbEshanid esﬂ]hgermuhod of claim 10, wherein the decoding,
reconstructing and capceling occurs in a sequential manner for one access

terminal t hbB#edapthedelingdcbarnd estimataremaving areaisae eXento el ifesierangoiromat ¢ her
conpr i %ag't@b %kﬁ]%tepllggclﬁﬂﬁ)élla X an(f% clHAfel atargﬁ'a‘%rgﬁgpcﬁﬁg ei]tdg{ mnals fromthe

plurality o access term n repeati ng sai ati ng, decoding,
reconstructing and cancellng 15. The method of claim 10, further

ot or mied dRaR@ed aLEiird Bt <orings by of o rafe B0 BT AT

sel ect egldn%e[tes%a@ne or nore access termnals have a packet termnate at a
current slot boundary. 17. The nethod of claim 10, further conprising
storing the received sanples in a buffer and 43 canceling at |east a
portio 0of %\nﬁetﬁﬂ ﬁgmé‘{“ﬁ‘q )el data, overhead channel data and traffic
channel™ ’ 3 recei ved sanpl es.

receiving samples of signals transmitted from a plurality of access terminals, the samples

comprising pilot channel data, overhead channel data and traffic channel data; and
canceling at least a portion of the pilot channel data, overhead channel data and traffic
channel data in the samples by:
determining channel estimates 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 éstimates from
the pilot channel data;
for the set of one or more access terminals, demodulating and decoding overhead
channel data;
for the set of one or more access terminals, demodulating and decoding traffic
channel data;
determining which overhead channel data and traffic channel data decoded
correctly;
for access terminals whose traffic channel data was successfully decoded,
reconstructing pilot channel data, overhead channel data and traffic channel data; and
canceling at least a portion of the reconstructed pilot channel data, overhead

channel data and traffic channel data in the samples.



18. The nmethod of claim 10, further conprising: deriving a refined channel
estimate; and based on the refined channel estinmate, renoving a revised
estimate of interference fromat |east one of the pilot channel data,

over head channel data and traffic channel data. 19. The net hod of claim 10,
further conprising renoving a residual pilot based on a refined channel
estimate. 20. A nethod, conpri sing: rg&eiving sanpl es of signals
transmtted froma plurality of access termnals, the sanples conprising
pi |l ot channel data, overhead channel data and traffic channel data; and
canceling at least a portion of the pilot channel data, overhead channel
data ang trahé hethodbRRNGEh 20afiRthbNcdniiRishRRlrmg thY recBiRbEEdmPIENE LHTRAahd
estimates for the plurality of access termnals; selecting a set of one or
nor e acywsking arledshalpertfonoithépilesl dprriel detacivesheed shannekdais aed Hafficshangh set
of one ,or .npre access. 1nals, re-estimating channel estimates from the
pi | ot 8ﬁgﬁﬂ@F%@§?;$C%5% %ﬁgﬂ%%t of one or nore access termnals,
denodul ati ng and decodi ng overhead channel data; for the set of one or

nore access_term nals, denopdul ating and decoding traffic. channel data;
det er m?hi ngThhmeog\vé chdra e AT FOTBRI NS IPCLRR FQBST SRERRIE QTAPOre dESted

correc 240 C | r.afifi ] sfully
decode o o P S e, SRR
traf f i cecohsmnidg abedtcancelingd canceling at | east a portion of the
reconstructed pilot channel data, overhead channel data and traffic channel
data in the sanples. 44 21. The nethod of claim 20, further conprising

st ori ng3t hearpeeimes appkiag: in a buffer and canceling at |east a portion
of the pilot channel data, overhead channel data and traffic channel data
in the stor@femossenfiggresdnsiose datp samptpeoivpgnatsdreesived Hpmazouratityrafjgegess

COMDY | 5): AthaRe L BRs DAbASHe Db Mo Ba0! VI BEAHSPaadd SEITABESnEARM L he

plural ity of’ acces repeat 1 hg sal enodul at1 ng, decodi ng,
data;
a channel estimator configured to determine channel estimates for the plurality of access
terminals;

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

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

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

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 channel data, and reconstructed traffic channel data from the

samples stored in the memory.

24.  The base station of claim 23, 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.



reconstructing and canceling. 23. A base station conprising: a nenory
configured to store data sanples of signals received froma plurality of
access termnals, the sanples conprising pilot 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

sel ector configured to select a set OE one or nore access termnals from
the plurality of access terminals; a Yenodul at or configured to denodul ate
over head channel data and traffic channel data for the selected set of one
or nore access termnals; a decoder configured to decode denodul at ed
overheaq chgpy B%seg?atti@n dndialh Q?,f Wher& 3 REonsHaltRonalit 1885 A dirddero Wl 0B bruct

over head channe ata and traffic channel data decoded correctly; a

r econstdatadtyi @rieashione obmé-enpoding, tesinteeleaming, rreranodolaginpererpphyseneldaidathannghd
traffic channel data for the correctly decoded overhead channel data and
traffi@a@h%ﬁﬁgfpﬁgﬁgg the reconstruction unit being further configured to
reconstruct pilot channel data using the channel estinates; and a
subtractor configured to subtract at |east a portion of the reconstructed
pi | ot @hanndhe n&%&%ﬁ, ofy laigh §t Mherebythe \signals Lo mpisn fede dAivisiongMyltipde 48853 uct ed
traffi&CﬁPﬁQ%%#agata fromthe sanples stored in the nenory. 24. The base
station o I'at m 23, wherein the denpdul ator conprises a rake receiver wth
a plurality of finger processing units to process multipath signals, each

finger _procegssin nit . .having a uni que delay to pr.ocess sanples fromthe
renor y 2746 THE metod Halimal o cORPENIAR HODB8 EarY P aBa G 68 on
uni t i Safclhidd @ beGhd heRRN&{th Hok thdabRdD¥c@led @APlesone of re-encoding,
re-interleaving, re-nodul ating, re-applying a data channel gain, and

re-spreading. 26. The nmethod of claim9, wherein the signals conprise Code

Di vi si Mukt 1 Rl ess. qof i gnal s4 .27. The nethod, of cl ai ;
Fur t hetbcomipt Befigd8F S o  ThEh AL AR e S Rt a BroHEELERKY 1 ng
t he ovekdm@ald channel data fromthe stored, received sanples. .28. The net hod
of claim9, wherein the overhead channel conprises an Acknow edge (ACK)

channel .
29.  The method of claim 9, wherein the overhead channel comprises at least one of at least

one of a dedicated physical control channel (DPCCH), an enhanced dedicated physical control
channel (E-DPCCH), or a high-speed dedicated physical control channel (HS-DPCCH).

30.  The method of claim 9, wherein the traffic data is sent by one or more users in at least

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

31.  The method of claim 9, 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.

32. The method of claim 9, wherein the overhead channel comprises an auxiliary pilot
channel, the method further comprising reconstructing the auxiliary pilot channel based on a

channel estimate.

33. The method of claim 20, wherein the decoding, reconstructing and canceling occurs in a

sequential manner for one access terminal then another access terminal.



29. The nethod of claim9, wherein the overhead channel conprises at | east
one of at least one of a. dedicated physical control channel (DPCCH), an
enhanced dedi cated physical control channel (E-DPCCH), or a high-speed
dedi cat ed physical control channel (HS-DPCCH). 30. The method of claim?9,
wherein the traffic data is sent by one or nore users in at |east one of
an EV-DO Rel ease 0 format or an EV-DOyRevision A format. 31. The net hod of
claim9, wherein the traffic data is sent by one or nore users in at |east
one of a dedi cated physical data channel (DPDCH) format or an enhanced
dedi cated physical data channel (E-DPDCH) format. 32. The nethod of claim
9, whengi n fThe nevRidheRéaieha0NRIrtheOBRTiprsdfy edhtdliiigl irafshippdwadr ofcthanoekss t he
met hod further conprising reconstructing the auxiliary pilot channel based
on a @G bagackrthe determgnedrehanpgl eHBBRISY cl ai m 20, wherein the decoding,
reconstructing and canceling occurs in a sequential manner for one access
term nal then another access termnal. 46 34. The nmethod of .claim 20,

f ur t heB5.conjhé siethgd of nlaim D] wherein dnsseldctedoersf wk or neorascessternipalrhavd &
based on the determ ned cgaq%ﬁldestinates. 35. The nethod of claim 20,

wher ei RAGKAEICURINYE ALHCWENT YPL WAIYY- pre access terminals have a packet
tenninate at a current slot boundary. 36. The nethod of claim 20, further
conprising: deriving a refined channel estimate; and based on the refined
channeB6estTﬂhmé¢0¢égdvmh@léhm@WF%@ﬂﬂ%%ginate of interference from at

| east one o ] ' . a..qoverhead channel data and traffic
channel dat ge.rI@?g. ﬂfhgédrré{%ﬁg{]%gfrg%%’gﬁn% 20, further conprising renoving a
resi dual pibatd bagedefmedahamfel estichats; hanneng eeyisediteimadBof iAterference from at
conput er -readabl e medi um stori ng a, software pro m execyt abl e by one or
mor e &aﬁ@ésggc?@,pﬂe pied dafg; o A4 Chaghelidateend i ‘%‘é‘ﬁﬁ‘i‘eigatéf si gnal s
transmtted froma plurality of access termnals; neans for conparing
denodul at ed out puts of an overhead channel with a threshold, wherein the
over hedd ch@mnmkthodwpriage20afurthesawmpoiniag sémeyiRee eesidyaRpiles basadi anat sfingRRI )
channelh qatg ﬁgquest Control (DRC) channel, and Data Source Control (DSC)
channef" 2 ReaRE™#6r decodi ng the overhead channel with a synbol - based

maxi mrum | i kel i hood detector, if the denodul ated outputs of the overhead
channeggare above the threshagl d;

computer-readable medium storing a software program executable by one or more

processors, comprising:

means for receiving samples of signals transmitted from a plurality of access terminals;

means for comparing demodulated outputs of an overhead channel with a threshold,
wherein the overhead channel comprises at least one of a Reverse Rate Indicator (RRI) channel,
Data Request Control (DRC) channel, and Data Source Control (DSC) channel;

means for decoding the overhead channel with a symbol-based maximum-likelihood
detector, if the demodulated outputs of the overhead channel are above the threshold;

means for using decoded overhead channel bits to reconstruct the overhead channel;

means for canceling overhead channel data from the received samples; and

means for processing the samples to obtain traffic data sent by at least one of the access

terminals, after canceling the overhead channel data.

39.  The computer-readable medium of claim 38, wherein the signals comprise Code Division

Multiple Access (CDMA) signals.



means for using decoded overhead channel bits to reconstruct the overhead
channel ; neans for canceling overhead channel data fromthe received

sanpl es; and nmeans for processing the sanples to obtain traffic data sent
by at |east one of the access termnals, after canceling the overhead
channel data. 39. The conputer-readabl e nmedi um of claim 38, wherein the
signals conprise Code D vision Ml tiﬁ e Access (CDVA) signals. 47 40. The
conput er -r eadabl e nmedi um of claim 38, further conprising nmeans for storing
the received sanples in a buffer and neans for canceling the overhead
channel,,dat r ed. . i recej a e ARt abl e
medi um48‘f cﬁﬁlzji‘li &8%§tgl\eﬁﬁ§éa%?eng}e Ig%oggklﬁglgagb a#ﬁiforﬁ%”rrsﬁr glgg an SE{?I? g\jﬂxﬁj edge
(ACK) edraiveebam@es inBhisuffee apdimesnsrfoackmbélmgrtbe bvarhaaf] chhraiehd88 fromhtbe efored he
over head channel conprises at |east one of at |east one of a dedicated
physi c&cevehéadleschannel (DPCCH), an enhanced dedicated physical control
channel (E-DPCCH), or a high-speed dedi cated physical control channel (HS-
DPCCH). 43. The conputer-readabl e medi um of claim 38, wherein the traffic
dat a i 41senThbyoropuseraneadatrtsr medigmrof claim 38, whersin thyevasheadchgnnebeyniseaae 0
format ,or a - evision A format. 44. The conputer-readabl e medi um of
claim %ang%i(wéﬂq?r}"gﬁfi c data is sent by one or nore users in at

| east one of a dedi cated physical data channel (DPDCH) format or an
enhanced dedicated physical data channel (E-DPDCH) format. 45. The
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channelphgsidal natte] cHéine ABDPECEH), coarpighspedgt dadiated fhysicalemsirel ¢ignsddSes of
signaliﬁ;(ﬁgsnitted froma plurality of access terminals; neans for
conpari (5{ nodul at ed out puts of an overhead channel with a threshold,
wherein the overhead channel conprises at | east one of a Reverse Rate

I ndi cator (RRI) channel, Data Request Control (DRC) channel, and Data
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44.  The computer-readable medium of claim 38, 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.

45.  The computer-readable medium of claim 38, wherein the overhead channel comprises an
auxiliary pilot channel, the computer-readable medium further comprising means for

reconstructing the auxiliary pilot channel based on a channel estimate.

46. A system, comprising:

means for receiving samples of signals transmitted from a plurality of access terminals;

means for comparing demodulated outputs of an overhead channel with a threshold,
wherein the overhead channel comprises at least one of a Reverse Rate Indicator (RRI) channel,
Data Request Control (DRC) channel, and Data Source Control (DSC) channel;

means for decoding the overhead channel with a symbol-based maximum-likelihood

detector, if the demodulated outputs of the overhead channel are above the threshold;



means for using decoded overhead channel bits to reconstruct the overhead
channel ; neans for canceling overhead channel data fromthe received

sanpl es; and nmeans for processing the sanples to obtain traffic data sent
by at |east one of the access termnals, after canceling the overhead
channel data. 47. The system of claim 46, wherein the signals conprise Code
Division Multiple Access (CDWVA) si gnaks. 48. The system of cl aim 46,
further conprising rreans for storing the received sanples in a buffer and

nmeans for cancel over head annel .data fromthe stor ei ved
sanpl es. 49M 058% °8¥ ‘P"éalw‘igha“\‘kﬂé’t‘té|t%ref?f§tr8?fép?1%‘étedh éh‘i‘i@FFcorrprl ses
an Acknow edggns foAChkelfpa R Blead @r%nné'l_@ﬁtasﬂ'(ﬁﬁ ﬁﬁ‘ré&nﬁéh%hrﬂbl@@ angherein the

over head channel conprises at |east one of | east one of a dedicated
physi cal comeanﬂ foe n:mnsing(tlwsmgles @rptémhmﬁfe;ddaﬂaa@hncéy etlleptiyoat ohtheqgeass ol

channel S cated physical control channel
(HS-DP na %%%}Dfﬁréc li} heer%g'slfhe%(fq\ jgatav\herei n the traffic data is sent by

one or nmore users in at least one of an EV-DO Rel ease O format or an EV-DO
ReV|S|on A format. 52. The system of claim46, wherein the traffic data is
sent byone TBe SH&M® of skm 46, Whersin fhet signsisecasmprise deqgie davisiproMydiiRie Acerss a
channe pr 1 na format or an enhanced dedi cated physical data channel

(E- DPD&C-I§ 53. The system of claim 46, wherein the overhead channel
conprises an aUXI liary pil ot channel, the systemfurt her corrprl si ng means

Iot channel. based a. channe|

Lg{ | :rgfgnst tFHgtS}I/stegn Pclalm %urtlilgr cplmprlsmg means for storing the TecBive samples in a

buffer and means for canceling the overhead channel data from the stored, received samples.

49.  The system of claim 46, wherein the overhead channel comprises an Acknowledge

(ACK) channel.

50.  The system of claim 46, wherein the overhead channel comprises at least one of at least
one of a dedicated physical control channel (DPCCH), an enhanced dedicated physical control
channel (E-DPCCH), or a high-speed dedicated physical control channel (HS-DPCCH).

51.  The system of claim 46, wherein the traffic data is sent by one or more users in at least
one of an EV-DO Release 0 format or an EV-DO Revision A format.

52. The system of claim 46, 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.

53. The system of claim 46, wherein the overhead channel comprises an auxiliary pilot
channel, the system further comprising means for reconstructing the auxiliary pilot channel based

on a channel estimate.



