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structure and/or process, which ma be ig‘%l,,ement ed at an_access tern nal
of FIG 1. o&@ﬂ@%ﬁ@ﬁ@@&%@@éﬁﬁ%& § filesl gmBecember &, 2904 Which 18at es
an exanple o [ ess and/or structure, which may be

i npl enent ed L%C%Bﬁasgygtéfaeﬁlgﬁ of FIG 1. [0008] FIG 4 illustrates another

enbodi nent of a base station receiver process or
BACKGROUND
Field
[0002] The present invention relates to wireless communication systems generally, and

specifically to traffic interference cancellation in wireless communication systems.

Background ‘

[0003] A communication system may provide communication between base stations
and access terminals. Forward link or downlink refers to transmission from a base
station to an access terminal. Reverse link or uplink refers to transmission from an
access terminal to a'base station. Each access terminal may communicate with one or
more base stations on the forward and reverse links at a given moment, depending on

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 tllustrates an example of transmitter structure and/or process, which may

be implemented at an access terminal of FIG. 1.



structure. [0009] FIG 5 illustrates a general exanple of power
distribution of three users in the systemof FIG 1. [0010] FIG 6 shows
an exanple of a uniformtinme-offset distribution for frane asynchronous
traffic intveot@senoe cancel l ation for users with equal tecansYdsOPOYET .
[0011] 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 that gpans a conplete 16-slot packet.
[0013] FIG O9A illustrates a nethod of traffic interference cancellation

for an exanple of sequential interference cancellation (SIC) w.th no

del ayed08¥odi ng FIfod 1nstratpean gxamnle g Foreiver BRCesp Fad/at SRuctBe. b t he

met hod of F'lﬁ‘hn?ﬁmeﬁ-&ﬁjaﬁlbzl:st:-:@catiéﬁ)ofﬂ?f@'%f‘rat es a recei'ver sanple buffer
after arrival of successive subpackets of an interlace with interference
cancel | @008n of ddCodeillusitatgraiothes enfrofingint Pf @ base| stationursreiugregroeass over head
channel s structure. 100171 FIG 12A illustrates a nethod to first perform
pilot IC (Pl%uc%ed then perform overhead IC (OC) and traffic I1C(TIC

t oget hepood) 0018] HIGGSS ilidBaieh hughéral @ample sfjrareadistitwiop of flaeeutdieinnthod of
FIG 12A. [00191 FIG 13A illustrates a variation of the nethod in FIG
12A. [ 0020] gyplem of EG; .| ustrates an apparatus to performthe nmethod of FIG

13A. [@@ﬁ%l FI Gpigds isllrdw}ésﬁﬁ akERpR FELNQROHA MAELASD §iSkBhtid For ga&eand
TIC. [0022] FIG 14B illustrates an apparatus to performthe nethod of
FIG 14A. [#®@adfonengraffis Anterférerecancsatzonvar usatsivath esfual trrmsmitpower.i n FI G

14A [0Q24] FIG 158, i.k] t : tus form the nethod of FIG
15n (B0 F1 o PCe R B EReRRRRRRE A Pl et e s Plsthell B B PEBS6,

FIG 17 il ugldradfbesardliniexasmhit repsupoaaest cliangelnbi ned transmt and receive
filterin [0027] . FIGS, 18A and | 8B show an ex i@of, channel estination

(real awgm nagi n]aFrIQ- 8 Ubsiaremmenorba $rEH aonEp PERECKRH ti pat h channel
at eaChB}@is t hree fRAKBATiIIAGGES 2 ﬁ%@c@@ﬁ{rﬁﬁéﬁﬁ&f&gﬁﬁfe%ﬁ%&ﬂﬁﬁﬁ exﬁnIBIQOZRiLE

FIG. 1 9B show exanpl es of an inproved channel estimte based on
fingers and efssqrestidiintgrievends ceneellaEnne(SEP) 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] EIG. 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.

[0622] FIG. 14B illustrates an apparatus to perform the method of FIG. 14A,

[0023] FIG. 15A illusirates 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,



[0029] FIG 20A illustrates a nmethod for despreading at RAKE finger del ays
with regenerated data chips. [0030] FIG 20B illustrates an apparatus to
performthe nethod of FIG 20A [0031] FIGs. 21A and 21B show an exanpl e of
estimati ng woeoeerpesi te channel using uniformy spaced@anpbresiats chi px2
resolution. [0032] FIG 22A illustrates a nethod for estimating conposite
channel at uniform resolution using regenerated data chips. [0033] FIG
22B illustrates an apparatus to perform4he nethod of FIG 22A [0034] FIG
23 illustrates a closed | oop power control and gain control with fixed
over head subchannel gain. J0035] FIG 24 is a variation of FIG 23 power
cont rol P8l gai n TaERt FA-1ABthow geearplesyel Aedwrmybé ehammsl cgémse YasoBer FI G
25 il lustrat th fi xed overhead subchannel
gain. [0037] I%I %rﬁngéggg&g?ﬁela&a@wm%ﬁﬂ except wi th overhead gain

cont rol [00399038] MIG 20X illubtuedsr atneeshedl foardespreamimmbt RIARE Zagei dlaydREitbnl y
over head gai n con% 4% DETAI LED DESCRI PTI ON [ 0039] Any enbodi nent

descri bed herF%‘?nﬁra Ef'tc 8cessarily preferable or advantageous over ot her

enmbodi neodes. Wi IRIGYZ208 DluStrAG&RRGHBardis tiRrrd SenheHbS 6l BDGAAr € present ed
in draw ngs, the _draw ngs are not necessarily drawn to scale or drawn to be

all - indP3ive. [doadlArnd 218 shoy g exappls Oéewwéélse OFIetit durid HsiBg st em

100, which ipe Hﬂl?% 02, base stations 104a-104b, and
a plurality l@ﬁoac eg%s?%ﬁl@ﬁt%ﬁ%%%éo%% The system 100 may have any
nunber 932 ont r olHIGr 22A0ustivdssea suedhddofos ebOmatimg] compesits schivaxerh ah aingforhd 6.

Var i ous aspectitand enbod |rre§?§ of the present disclosure described bel ow
may be i npl ene lf}?&uiswgtr?‘%n ?‘ﬁa [ 0041] Access terminals 106 may be
mobi | e @o33gt ati omyzmﬂluawatesb@ aﬁipﬁ@tﬁﬁ ®astrfoth ieugihed off FIG. gpANuNni cat i on
system 100 of Cﬁl An access.termnal 106 may be connected to or

i mpl enelP34 i n a FIGnBatilpeiraies\a elosedsioen pewven CP&tERIo%ldp&ﬂa%Gﬁ%ltFOIV\!Jﬂ?@%siO?l?GO
PCT/ US2005/ Q484381 sutbchdBYlaf. - Al ternatively, an access termnal may be a
Sel f-cont ai ned data device, such

[0035) FIG. 24 is a variation of FIG. 23 power control and gain conirol 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 1062~
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 stationary 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




as a personal digital assistant (PDA). An access termnal 106 may refer to
various types of devices, such as a wired phone, a wirel ess phone, a
cellular phone, a lap top conputer, a wreless comrmuni cati on personal
conput er (RGp20mmdi76@ PDA, an external or internal nodagT/e2s/04613@CCESS
term nal may be any device that provides data connectivity to a user by
comuni cating through a wirel ess channel or through a wired channel, for
exanpl e using fiber optic or coaxial cablgs. An access terminal may have
vari ous nanes, such as nobile station, access unit, subscriber unit, nobile
device, nobile termnal, mbile unit, nobile phone, nobile, renote
station, renSPEPHEFnPigmatively Agragcesn frmingk@ay de v sel-conigimed daai dsmsemtsuch

nandhel d_devigs peabial ol 2kisHeERAS! AaL00: RERYLORS SRS ALLON LA @

nunber of cells, where each ce serviced by one or” nore
104. A base 9fdlevises, 104h rgya atieed Wwne,ed avirebuls tphongsa aelbdseplsing) adap top

transcei ver cces oint,.a part an .ac s network, a
nodem pool tr%érzlég%%’\(?ﬁﬁ %IW%%, or-¢ ﬁ%’iga%s"é‘?l %’52%’5? @@P\ﬁffflka @%erag exi§3bt wor k
equi prent  pr eviittengl dadems eftneAhi actdsy el efayb® Ak eviewiths HRckidat dita

network (e.g., the Interne and the access termnals 106. [0043] Forward

link (FL) or “HBWRFTIRKCAetEr & eynmpripdling dpagh 4 Fisless duseclor drpugh aoited 0 an
access term RfdnndD%r RaMBleSRidgl fider biRo orUoatipl daﬂi&sﬂ%[e%gifﬁ?ﬁﬁeﬁ%g g@;@gﬂlo .

froman access termnal 106 to a base station 1
104 may tr andA§QUsoRAMes: sudiinasnmwbie staiemi ava¢ss 10WY, websegber ult, anotdleedevice] ect ed

froma set o f f . cess.termnal, 106 nmay neasure a

si gnal -t o- no?%o(gﬁlgrﬁ-l nt'er %%e%@gqﬁ%qlﬁg’h?%’ﬁﬁ%ﬂgf Texicte s o%irﬁlﬁétle empalpy ¢ he

base st ati onreri@d usihsetateeics) ser @uipawht, ashdialdaletiab,etd or t he base station

104 to tf@gfm't di,éa tgeﬁtétrﬂﬁ access term nal 106. The access term nal 106

may send a requd%tys & progidepequmumpcation fora pember iyl lsederegach edl t he

base stati on islfviéed bytnelofdoRebRasEtics abi.OR b%@egst&ion figAGn éorbee%@?r%&‘tor ate.
on

[0045] The system controller 102 (also referred to as a base statl
control | er (BSEP§se sialipn fapseriver wyelemdPA) iao accessipeivhe peit of an adzassmesta@k) ons

08 0 i OO PO A B

the base stations 1 e syst'emcontr ed to
a public swi eqripdettairevtingealatietonnedivitPSFMee iapadket Fohe Gatd h&%ﬂ&l(e@%ﬁt er
e

(MsC), and t acket .data network via a packet data serving node (PDSN).
W0 Sho6; 071 B RERRHEE R aas kehintis {08

[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 2
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 vmay be further coupled to a public switched telephdne network (PSTN) via a

mobile switching center (MSC), and to a packet data network via a packet data serving
node (PDSN).



5 11i [0046] The conmunicati on system 100 may use one or nore

communi cati on techni ques, such as code division nmultiple access (CDWVA),

| 8-95, High Rate Packet Data (HRPD), also referred to as Hi gh Data Rate
(HDR), as swecddsioedst n "cdnma2000 Hi gh Rate Packet Dat a PETvUS2m5@nd7ac e
Specification," TIAEIA1S-856, CDVA Ix Evolution Data Optim zed (EV-DO),
1xEV- DV, W deband CDVA (WCDMA), Universal Mobile Tel ecomruni cations System
(uMrs), Tinme Division Synchronous CDVA §TD-SCDMVA), Orthogonal Frequency
Division Multiplexing (OFDM, etc. The exanpl es described bel ow provide
details qogg clari of under tandl{g1 ;556 i deas presented herein are
appl i cati®% o ot h %nv@’rs AN TRE Pice S8Rt O wAoRS| EempBicatipgt
meant to |i met:hm&jl&s,pﬁﬂﬁ eBtcodP Blvigat hRRipld RR4H] (dﬂl\@\),%stdsi liﬁgﬁ ?{faf‘espa[%ﬂet

exanple of transmtter structure and/or_ process, whic be 1 nple

at an accessDe@r(HRPR, alow referred tg astHighHats Ratet GER), aﬂdpmﬁqdcmefmﬂmaz@ﬂom | n

FIG 2 may b t » t
sof tware anﬁ}ggg}(}&gp@m{eﬂr@y&‘ ulﬁlcﬁﬁi@%f%se %ﬂ%ﬁﬁ%d?&@%@ ¢]§ oli"tl on
to or insteBlufon Mntd Optimiseds EVRO),i IXEVEV,2 Wi[d@lﬁkﬁlﬂ] ChMAt ewgmmag 200

i des dat 202 h d t
Poai ng schona VB RMERRE 4 Stee R unithiot SFIER B S, duph hietershemagoncl ude
one or nore c;anﬁes (wD sxmdmg CithoPora$ Tetfakhds Dﬁﬁiﬁ&d@ﬂﬁm e&aﬁgk(d hoete.

ng,

convol ution codi n r@ odi ng, bl ock_coding, oth er types o

no coding afP&ffemp Hjt?FC §di iRl Wsﬁrﬁ‘élﬁﬁéetﬁ’é%/foif ﬁl?l‘lﬁdef viterstanding. r’@pedeas
request (A ¥ HefbiARR apblidapfRY) peat
t echni ques. re? fer er?t ty eagi)éfa dat aomnég%%t%ﬂgg%sg thgg%?&er e o%ﬁ ng

schenmes. An noimsentde ligit @nresmteppleatws t he coded data bits to conbat

f adi ng. 49] A |- fes ca ed nterl eaved datg

generat«L. %ﬁdul at ﬁ;@ggt@ﬁsﬂ'&é%@eﬁ%‘i WWF%F%CHFSEH PﬁB’iS’é':eS?’n‘@]Fl&]dB]aBl nary
phase shift wmiynpignc{lﬂasmanamessquadmatlosemmese e Feind€RMs aﬁdcéﬁo%ﬂts The
nodul at or 20 repeg}tet]gu@equence of nodul ated data or a synbol

punct ure uni gmentedy b, gpftwarpchardwang) at ercopténatiay ofl so
spread the n@‘ﬂt‘sﬂaﬂiﬁiﬁﬂﬁﬂﬁaﬁé‘ tbt}fér%cﬁ@nscﬁ’l ng"ng(dddgd to VS ?Im aae*?%ﬁto form

data chips. The nodul ator 206 may al so ivision mul tiplex éod’ét

chi ps with prstead ofiihefmetinas finercinifie. 20 for ma stream of chips. The

Thauy e Road 0 o d@leSBuita%20B FSRHA°adE RS AeBRaRE 262 Wil RIS il b7 ©2
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 (CRQ),

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).



one or nore PN codes (e.g., short code, long code). WO 2006/ 071760

PCT/ US2005/ 046736 6 100501 A baseband-to-radi o-frequency (RF) conversion
unit 208 nay convert baseb and signals to RF signhals for transm ssion via
an ant enna W0Qomwmwer/éa W rel ess conmuni cation |ink to orrETors2snes7hase

stations 104. [0051] FIG 3 illustrates an exanple of a receiver process
and/ or structure, which may be inplenented at a base station 104 of FIG
1. The functions and conponents shown in FIG 3 may be inplenmented by

software, hardware, or a conbination of software and hardware. O her
functions may be added to FIG 3 in addition to or instead of the

f unct i orjéds8hown | A Habedand-to- taﬁﬁﬁﬁ@q@@ &) porvsrsion w2 Bapcoedibaebuie
reverse |ink m) n o] e s nal

Mul tiple ant E‘Igﬂ § ﬁag&pr %e spa Igﬁ f)lc‘/e{;’lgi y %%8% i ?usde &t gr ?f(l)%fs%sspath
ef fects suchcmhﬁtgﬁuﬁashnéaqmm@ds@stmﬂ 104 provided to a respectl ve
recei ver or RF-to-basehand conversi unit ,302, which condition
filters,1005&hp| ifiELS: %gwre%wwnp e gRLY§T PERCCTH /L SEPGHUEF> F T
generate dat ge %ﬁﬁi@fﬂ%ﬁte& Ha b&s@%fatlﬁl?qm ¥EAIE 119N AHe- fuﬁc@@ﬁ?hnd%cﬁﬁﬂﬂﬂgl% S 304
may denodul ate the received signals to provide recovered synbols. For
CDVA2000, deimBIg. Strhgnbe imipbsmeantedriycofiwareahardwaret oraaeomitsrsation obgoifwdre and
channel i zi ng e _des t i

data and pil 8#& Sget Bg}hg?[ﬁc?g% g% |b\%edd§g&dgég anng]%m chlj%? 3§ Hl%t g%gnﬁ
denodul at i ng firdedonsvhowe lin FE 3. data with a recovered pilot to pr ovi de

denodul at ed dat a. Denodul at or 30 in recel ved sa buffer 312
(al so cdP¥5l j oi nnf CHACIBAYC R/é@‘gg%ﬂl\/f%}ﬁmé%f ’@{mﬁﬂxﬂ}fteflélggglé&@%a%l es
of received g gfdad SockRrtelihalyl$64. smﬁﬂaﬁméﬁ@malpsow@e dpatia @GSty HainsB14 tO
despread and process multiple S|gnal i nst ances, an nodul ated s nbol

bﬁffer 316bédp§aowﬁhaffwwaﬁ?w(@ém vest sigrakiscr toSamm ’
The pi urai i cgecRioRt WraRbaCARBRAL! BRI R aBF) %ﬁ{cﬁe%@ﬁ AR o

dei nt er | eaveampiifies, Hownednherts)l end digitezeo the3etivel Gipns] toAgedemmctEta D0plaseyr

decode the d@%ﬁfu'atfd data to recover decoded data bits transmtted by
the access t HEVC4H82% The decoded data may be provided to a data sink

310. [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.

{0050] FIG. 4 illustrates another embodimént of a base station receiver process 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



[0056] FIG 4 illustrates another enbodi nent of a base station receiver
process or structure. In FIG 4, data bits of successfully decoded user
are input to an interference. reconstruction unit 400, which includes an
encoder 402yoi2peéri7edver 404, nodul ator 406 WO 2006/ 071 7AB0X/US2005/046736

PCT/ US20051046736 7 and filter 408. The encoder 402, interleaver 404, and
nodul at or 406 may be simlar to the encoder 202, interleaver 204, and
modul at or 206 of FIG 2 The filter 408 fprms the decoded user's sanples
at FERAM resol ution, e.g., change fromchip rate to 2x chip rate. The

decoder user's ion t FERAM i s t hem renpved or cancel ed from
the FERAM 312“1‘1%8‘6!541(?? ﬁh%%a%r 4H ’éP’F@FBé’ﬁ’E:%O 300 Bofleios A0G ey b el tat | on
104 is descritheshdb@dr@n, nheleaveP D6£ REEHDERSLN20Y 116, aPRh ﬁﬁemsargrrngs%;igss

ternminal 106 or any other component of a comnunication system
| nt er f er ence deggiied [werfs sl GOBdIERAM resobdivn: §.2efchangeikmnm rchlparateetomm&upray be

i1 orent usars APEUERENRE s RERIFAN, U7 Rb Tl o 08 sbBUR G b BBt s

t hat decr easehdlﬁERAM@]th er ence bet ween users will inprove the system
perfor rra@&g of a %@ e link. chni qg are described herein for
the ef f ht inp reng:e FHIC R &he Baseitation) 19415 Aescrbedtiplamndbel cDVA

syst ens such casceIVIB200 aiby BY-bRlidday An aE&@é%hnﬁaPmm 289\6%1&%81&1}3&{3%?% ts

traffic, pilot, and qver head signals, all of which nay cause I'nterference
to other useﬁ@mﬂ}ﬂ@mﬁl@sw‘?ﬁhom signals may be reconstructed and

subtract ed frmﬁmt$ri&%ggini%; %M%lz at the BTS 104. The transmtted pil ot
signal is k y be reconstructed based on know edge
about tH@OSSbhanne[The Hapmoitgr of at@M&Aerdwmsd Imkgmaysbe( Hmndted a8 the vidlesferehad €

i ndi cator (RR data requyest c n rate contr ol dat a
sour ce channe (eB%&?ers S’ﬁ&?ﬁ%ﬁ%& 3‘?‘?@ f"i&% f?eé‘?”é U‘F?rﬁé“iefé?ér?ﬁé?ﬂoé‘ﬁ]eﬂ thgd
detected, an®Theo4.r alRREfbiee tbeliil@es hhdddtds@ iR dREIBtRAveen users will
de-interl eaved, and decoded at the BTS 104 in order to determne the

transmtted GVBONES BAEm P“éffqm’én‘t?rﬁfﬁsCDMa% &yesR Lk e'FWhWFIm} arrdescribed
reconstruct thaoh e A oI o e TR R AT o Ao I e
[ 0060] Bits @Yst@nmhapﬁbwﬁoﬂdnﬁi/@d@va source 200 may be repeated and
pr 006556[9()&9)’ 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, de-interleaved, and decoded at the BTS 104 in order to
determine the transmitted overhead and traffic chips. Based on determining the
transmitted chips for a given signal, the reconstruction unit 400 may then reconstruct the
contribution to the FERAM 312 based on channel knowledge.
[0060] Bits of a data packet from the data source 200 may be repeated and processed by
the encoder 202, interleaver 204 and/or modulator 206 into a plurality of corresponding
“subpackets” for transmitting to the base station 104. If the base station 104 receives a
high signal-to-noise-ratio 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



t he encoder 202, interleaver 204 and/or nodulator 206 into a plurality of
correspondi ng "subpackets" for transmtting to the base station 104. If
the base station 104 receives a high signal-to-noise-ratio signal, the
first subpasbetosmayrecontai n sufficient information for Hdeudzes@iasati on
104 to decode and derive the original data packet. For exanple, a data
packet fromthe data source 200 may be repeated and processed into four WO
2006/ 071760 PCT/ US2005/ 046736 8 subpackets. The user termnal 106 sends a
first subpacket to the base station 104. The base station 104 nmay have a

relatively la r bil it f co tly decoding and deriving the original
dat a packet fsplb n%*%% ﬂlff 'é%ér feé@g]agiﬁﬁcgea%sp%gﬁggqbp t tsthe haseisiation 184.afhon 104
recei ves the maceation 14 ndapnavd @Wwelaivaid DORClBbbil QJH-ES Lo ion
derived fr omd%ac,h r ecei_v,eday:ubpacket ,Vtﬁeéﬁr obabi1 Ft??(;/fcof gg?&?%%@

deri vi ng t he “BYng;thePriginsladain preket fiamy tha iss regaivesionthpacket, hBubas thesaas i on
104 correctl FoboH : e si_ng a cyclic redundancy
Check (CRO). oo RaF ek g o b 36 Bk e ogok 3 4B s GPhEs iforbioaig
sends an ackrieureddgemesach seapinad subpacket, dreprobability Nl decdfg tafd HeQPing §RLI NY
subpacket s. . [ rmnal 106 then send a first subpacket “of a new
packet . 1006%%%@%%%5%&11}%%3& OR& Zheem;p Slp&iop L Bkeprregtky, depgdestheer e
each 16- ! ot origimakedcletS(olp, 0l 4 Byl teluBRRG ML ANECY ORI ik hel Bl

ane

interlaced struct u?rwggtgigh 8 slots between Subpackets of the's
interl ace. Flﬁer“kiﬂ]\g}‘ rtae bigersiaiipa Ap4 é@éﬁéﬂé@‘@@‘gkdg@nm’tﬁmnsl to Gusenierhingl n

thei r transmiggiPasy MrdelhiEsLRds S wndar , t heref or he . 4- sl ot
subpacket s of diffzprent l%sse% ar?i%%%stgptc"le fl@a@%@’ﬁ?tﬁ%&ﬁ?&“ﬁm@k@?fects
of asynchroffan¢anerkah ef fici ent design of interference cancellation

receiver r H escribed . 062] The gains from

i nterf er[gorffég cance 5%?%5%@383%@h%m§%%9%ﬁw18h%i"&ﬁ‘é? gachglGsslplepyed
from t he FERAMKBUIR broken b ¢uelspaakets slidaehasrEdd hemeinfrlasd BdR! é)wm?%%@y ng
(and subtrachitg}% i f Pai‘sess)%]gsers based on traffic-to-pilot )
ratios, effSeREeLsubPagRets of thesgmainietiacy. Byrthssmens: differephvsenvascesy prmimbes ar e
di scl osed henes maf Bbgin HiRsid iR MR bk ang decaedi na of users
after others havgilbegenrll renoved fr g_?rl} '? ﬁ%@g%ﬂfﬁ%%%%}g‘ﬁg%ﬁe Oﬁ%@% 4-slot
cancel | at i onSypasketshel BiffsreErugors3 aziveeat the BES faspnchndnoyslynpTaeesmted 40

account for : . such as EV- . RevA, where users |
transnit pil %ﬁ’xgﬁgﬁ%ﬁ%ﬁ& g%%ﬂr% 6&?%%%‘:?%1}1%%@“?? %ﬁnF‘I??gUQP grrgivers fey HyARQ
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 uéers 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-DQ
RevA, where users transmit pilot signals, control signals, and traffic signals using
Hybrid-ARQ. This disclosure may also apply to EV-DV Rel D, W-CDMA EUL, and
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



Hybrid- ARQ This disclosure may al so apply to LTV-DV Rel D, WCDVA EUL, and
cdma2000. [0063] Traffic interference cancellation (TIC) may be defined as
subtractive interference cancellation which renoves the contribution of a
user's dat awoaowshel7FERAM 312 after that user has decodRCTEE2pEOH4796 (FI G
4). Sone of the practical problens associated with TIC on actual CDVA
systens such as CDMVA2000, EV-DO, EV-DV, and WCDVA are addressed herein.
Many of these problens are caused by the gact that WD 2006/ 071760

PCT/ US2005/ 046736 9 real systens have user asynchrony and Hybrid ARQ For

exanpl e, CDM%ZO | nt.entional | r ead ef ta frames uniformy in time
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or SIC) and rallel interference.cancellation. "Successive interference
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difference between TIC and PIC s ransm
known per f ectéfrs iy anyredgorith athidr decod ea dwarn semerfally efidnes tHl dGtaehpréihisact

the pilot co i ' o the received sign usji ng only channel
esti mat es. Aaégeogg&lngllsér%%jté " f&fe e?%ﬁ’@%‘ar?cg "t h’gatrglkerluénﬁef 7R casellation] refees
recei ver int éroadly tc danéing uedrs bihe bandd fitne afdQMBEtink A Aehicl Reeri bR Qame
mechani sm The receiver does not know the transmtted data sequence until
a user is subf8ssfull y decoded. [0066] Simlarly, it is desirable to
renove gopasihead CURDRGY e birmmd: el fiRP s h 1 hri qu all ed
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overhead interference cancellation
removed unt i PetRen T8 gnd @ACKads thedranmaitiedrpilotesigm ds laawin daifectiyamgdttehi s i s

| 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 i§ 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 interferenc¢ cancellation defines a class of method‘s. The chain rule
of mutual information shows that, under ideal conditions, successive interferenée '
cancellation may achieve the capacity of a multiple access channel. The main
conditions for this are that all users are frame synchronous and each uset’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, uset 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



determ ned by decoding and then reform ng the overhead nessages. [00671
Successive interference cancellation defines a class of nethods. The chain
rule of nutual information shows that, under ideal conditions, successive
i nt erferencwo20mpeceks ati on may achi eve the capacity of aamipgsloes7access
channel. The main conditions for this are that all users are frane
synchronous and each user's channel may be estimated wth negligible
error. [0068] FIG 5 iIIustrates a gener g exanple of power distribution of
three users (user 1, user 2, user 3), where the users transmt framnes
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noi se; and usgfiysheideansmts at a power substantially equal to user 2 plus
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Anot her drawba k of thls approach is that it requires users to have
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is dxfﬁcult 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 contrast, 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



then have a nore uniformusage profile in tinme. In contrast, frane
synchroni sm anong users requires a burst of processing power and network
resources at the end of each frane boundary since all users would finish a
packet at twesmnmeikime. Wth frane asynchronism the BtGnifdosmaysslecode
the user with the earliest arrival time first rather than the user with
the | argest power. [0072] FIG 6 shows an exanple of a uniformtine-offset
‘distribution for frame asynchronous TICifor users with equal transmt
power. FIG 6 depicts a snapshot of a tinme instant right before frame 1 of

user 1 is to be deco Since frane 0 has already been decoded and

cancel ed for fgﬂt‘i’r %?eﬂ'ga?f‘?i}dée oémteramse hasdisen imayed b TE¢ pefosndesoding Freavanl
crosshat ched ofusgr;s 2 and 3). In general, this approach reduces the
interference by a_ WO 2006/ 071760 PCT/US2005/046736 11 factor of 2. Half of
the int dP¥8t ence Hngnatkaserrbodiveny thy userCinbi8iCo bemale oafeti to ggréruparad whers,0f.g.User

1. [0073] Inugé}%&%rl ﬁg@%@hs::ré{b%agsers in FIG 6 may refer to groups of
, oup’

users, e.g., user group user p° 2, user group 3. [0074] A benefit of
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dat a packets an annel . Each interlace (interlace 1, interlace

2, interl ace A3ynchromismi Hgbrid@aﬁﬂ[hieﬁlﬁciﬁfg@@%@ﬂﬁmmS- In this
exanpl e, h seg t.ls four t.i .slots long. During each segnment, a user
term nallmﬁgﬁ t rangﬁ-‘?t7 lyuitf?g?a?&%&gﬁi‘%“& Wé‘c‘blé%@-g-sslflaltxﬁﬁpoﬁﬁ’ﬁé ugedefor Rilee
interlaces, andpeaer 2564 FENARQSThiRIAL Edcﬁﬁ‘géiz{%é?in{e?ﬁ&l m&?acechﬁﬁq?laceag)g q

eight time slots;between the end of a subpacket of a dgiven Interface-an
the begi nni ASRASeE A &etipd kitmesitasaiet segragnts: Ho this memnipie, entlamemefihis Sougitives

egati ve ackig S enuret g e chaRabey B itb 98 paripbia B R t akes
advant age of statig. tThees ara threqigterlatcsy adehiolf ginag i¢ Raw A8leSlotd fong. 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. The ACK instructs the transmitter not to send the remaining subpacket(s),
but rather to start a new packet if desired.

Receiver Architectures for Interference Cancellation

[0077] - With TIC, the data of decoded users is reconstructed and subtracted (FIG. 4) so0
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



t he 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

recei ver sends an ACK to the transmtter. The ACK instructs the
transm tt erwoabostoor7s®end t he remai ni ng subpacket (s), butrarathersotarstart a
new packet if desired. Receiver Architectures for Interference Cancellation
[0077] Wth TIC, the data of decoded users is reconstructed and subtracted
(FIG 4) so the BTS 104 may renove the ilgterference the data of decoded
users causes to other users. A TIC receiver may be equi pped with two
circular nenories: the FERAM 312 and the BERAM 316. [0078] The FERAM 312
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[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
to ensure removal of a user from all affected slots.

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

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



a shorter FERAM 312 the benefits of TICw Il be limted, since the ol dest
subpacket w Il not be updated. On the other hand, a shorter FERAM 312
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and t he jgggodul at gdyk S [ lock 910, the decoder 308 or
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decoded, i . euser(ghspaketawasesucosssibip decodsdicite., amsses b @rrdr chetk) dueh RedsAgancy -
code (CRC). 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 the transmit/receive filters. Block 914 subtracts the contribution
of the user from the FERAM 312, thus reducing its interference on users that have not
yet been decoded.

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



[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 block 908 and interference
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pover, i.e. HOR GREERAM B12 bag the grealget heneldince tiryrauRetbe diosyinteniiranesttvi ng
hi gh T2P usepfer fdo@m t he FERAM 312 has the greatest benefit since they
cause the nost interference to other users. [0092] B. SINR The BTS 104

may decd®@users Bi (NR; JPherBTH NR hef decedeisersswith 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, }

[0023] 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:



| ower SINR since users with higher SINR have a higher probability of
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iterative decoding.on the current slot, the choose ay ocC woul d

sinmply sel ect®tHRP o thyt gackef. After atiemating todecods packétsrwsth of HB@Eket@hat
Backwar d deceghgtes i@ 858 u bpackets an ttenpts to
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subpacket thaf previous frame offset). Due to the partial overlap among asynchronous users, the

removed interference of subpackets that terminate in the current slot will improve the
chances of decoding past subpackets. The process may be iterated by going back more
slots. The maximum delay in the forward link ACK/NAK transmission may limit
backward decoding.

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

Methods for Updating the BERAM

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

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



termnates in the current tine slot (i.e., users on the current frame
offset), the receiver nmay attenpt to decode packets that failed decoding
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t he parti alWevelapyednong asynchronous users, the renovI/VSWEIHEsence of
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slots. The maxi mum delay in the forward Ilignk ACKI NAK transmi ssion may limt
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in conj @M} on wi Slat-basedundaty: dn oedepteefilly exploih e henefits of AIQ, ihisBERAR] t he
update of theglidef affected users may be updated whenever 2 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 maxmlum 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 successfil 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 canses 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



FERAM sl ots m ght not benefit the BERAM 316 for a given user if that user
is not decoded at an opportune tine (i.e., the updated FERAM sl ots m ght
slide out of the FERAM 312 before that user is attenpted to be decoded).
[00101] B. Wbatoshawed update: In order to fully exploit Hdwuhreseiiss of
TIC, the BERAM 316 for all affected users may be updated whenever a sl ot
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 Mssed ACK Deadline
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[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 7, this helps the packets of Users 2
and 3 decode at time n + 12, which further helps User 1 decode at time 7 + 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.



subpackets are shown as shaded. Decoded subpackets are shown as unshaded in
the 40- slot buffer and are canceled. Each tinme instance corresponds to the
arrival of another subpacket on the interlace. At slot tine n, User |'s
four storedweulpackeis are correctly decoded whil e the t@arertossuwdipacket s
fromUsers 2 and 3 fail to decode. [00105] At tinme instance n +12 slots,
successi ve subpackets of the interlace arrive with interference

cancel lation of Users |'s decoded (unshaggd) subpackets 2, 3 and 4. During
time instance n +12 slots, packets from Users 2 and 3 successfully decode.
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18 Joint Interfer nce cel tion O Pil Overhead, And Traffic Channels
[00107] A pr 8%$T8$ﬁ & QYR éﬂtebé"efl‘l’ﬁ way @Eﬁ% HIpIOVe sysigra peHOrmanet 68 n§raystem
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interference at the base station feceliver. In genera user Si gnal
consi sts of B?ﬁ%’@mww&%ﬂﬁﬁdﬂweéﬂwﬂca@d’nﬁiﬁ?nel s. This section describes a

joint pi over o] | 001 There
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all other users.., For g er b at Lnterference due to

over heads by o8 e(gl[%po Pgs 8 ag e ce ation 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 CDMAZ2000
1x EV-DV.

Methods for Overhead Channels Cancellation )

[00111] FIG. 11 illustrates a RL overhead chammels structure, such as for EV-DO RevA.
There are two types of overhead chanmels: one type is to assist the RL
demodulation/decoding which includes the RRI (teverse 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,



| arge percentage of the total interference experienced by this user.
Renoving this aggregate overhead interference may farther inprove system
performance (e.g., for a CDVA2000 1xEV-DO RevA systen) and increase
reverse |inkocenaci’y beyond performance and capacity auti/eszeas/obsr3el C and
TIC. [00109] Second, inportant interactions anong PIC, OC and TIC are
denonstrated through system perfornmance and hardware (HW design
tradeoffs. A few schenes are described g how to best conbine all three
cancel l ati on procedures. Sone may have nore perfornmance gain, and sone may

h | exi . l.e, . of the d i bed h
ramoves B ho® pr RO R b BRRE Rl R Davn e almaride ket s ¢

channel s, t heniodettdesceivetl Thsrefks sinfifir Uus ary QYIST Lifask I
channel s in & sequential manner. [OOT10] Thi sy PLot cliid IR adtuldiBp a0

| x EV- DO RevA*SUEAS BIESSIRY dinBlinichanggly andsthe uailisesy pUpMehannst ens, bsuch
Channel 5 Cancel T o vioa bash, [reMted oo et G RABSost8len il et

Channel s Cancel | ati on Lj%?ylll] FIG™ 11 |

structure, s@R¥ bgst} schipyapeesebiion andimey be wpestnial dsypes ok sprambead
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includes the RRI (reverse rate indicator) channel and the auxiliary pilot

channel (used when payl oad & ze is.3072 bits or, higher); the other type is
to facilitate thep)f[g’i‘wrr |ﬁﬂ§f’(ﬁyiwffau I ﬂa@dhwgphd;ﬂ;hudgs,swc (dat a
rate control) channel, DSE-fdata source control), and ACK (acknow edge)
channel . As sho i FlL.( , r ACK; and; DSG channel,s are tiqre-mul ti pl exed on
a slot base. ACGK %’Hgﬁhé'llﬁi%mh"yﬂl“ffaﬁ&’rﬁ# @d«x‘r/mﬁ[&’adrlénm dgi hg.5a1 packet
transmitted to the same us&r®on FL. WD 2UU6/ 071760 PCT/ US2005/ 046736 19
[00112] Anobng the overhead channels, the data of the auxiliary pilot
channel is known a priori af™4ie! Resenemgiedaunxittinepiiofsiangds similar to prinary
pi |l ot channel, no denodul ati on and decoding are necessary for this
channel , and hhe auxi liary pilot channel may be reconstructed based on
know edge abWhfretih&oBerRARds| to chinxlrssmphieg rate t £ds shedfihgden ymbid, @, isiRYPRe at 2
X chip rate resolution and may be represented as (over one seément)

pf [ 2n+8f] = ~XHPFCRH-f,Rithe -Walsh corte-as@fredath Thnmbiliary pAdtichabhel, G, is the

relative gain of this channel to the primary pilot, 7  is the estimated channél 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 [- MI;,,M’I;]), ¥ ; 1s the chipx8 time
offset of this finger with &, = 7, mod 4 and o, = l]f /4_].

[00113] The second group of overhead channels, which includes DRC, DSC, and RRI
channels, are encoded by either bi-orthogonal codes or simplex codes. On the receiver
side, for each channel, the demodulated outputs are first compared with a threshold. If
the output is below the threshold, an erasure is declared and no reconstruction is
attempted for this signal. Otherwise, they are decoded by a symbol-based maximum-
likelihood (ML) detector, 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:



pf 2n+Bf +11= ncf[n-p]wa.[n-,u] G'a (hfo[8p+4-afj,n=0,...,511 N=-M.
Equation | Reconstructed auxiliary pilot signals where n corresponds to

chi pxI sampling rate, f is the finger nunber, ¢ f is the PN sequence, wf
a is the Wavehowadesmssi gned to the auxiliary pilot chamualys2soiuasd he
relative gain of this channel to the primary pilot, hf is the estinmated
channel coefficient (or channel response) which is assuned to be a
constant over one segnent, O is the fil#ggr function or convolution of the
transmt pul se and the receiver Iowpass filter of chipx8 resolution (q is
assuned non-negligible in [-MO, M ] is the chi px8 time offset of

this finger wt L 5?%&, d q ] The second
group of overhe ar C}’%] @Rﬂr[n de"s D%¢[858C?fftﬂl (%Rgsjﬁchannels, are
encoded by ei trer b| rthfgo[nalrﬂ;odes or sinplex codes. On the receiver
side, for eaochiZm ﬂ Dhe, |de a d)u;tné g r_,ﬁ;.tb,r t, conpared with a
threshold. If the out put-M's bel o%lv ttﬁzqt hr és A an e surererz1 decl ared

and no reconstruction |% attenpted for this mg}gal Q herwi se, they are
decoded by a symbol - base i RrnTrced pehee GRE PRE pndfRleiengdy | whi ch nay be

i nsi de flit14]ecodeCodPled with!Ka, 14thedd 8 o@l@‘ﬁ@\g‘%&m quhrgiéh i?itﬂeﬁqv%{h%aéj I fglor

reconstruction of the correspondlng channel

reconst r uct edats,i gpnaisshé Walshhese, sldagnek e’%éﬁ ﬂi 9 6
PCT/ US2005/ 046736 ° 20 of { 2n+Sf | = ~cftn-®ﬁ W n-, eré’@acﬂch%g‘é%%]r%%e%

{su-aj, n=0, . the pEtry pilotM M of [ 2n+Sf +1] = Zcf [ n- PIvf,, [ n-P] dOQD

(hf[8, uxd=af D, nO, 511 ati n 2 Reconstructed overhead (DRC,
D5C, ang[fb hﬁl) si g ’lfm[a%rigl%ﬂ@%ﬁﬁrg W the 1kt ACK ehranel. | ¥ noyebnBRSKer m
dpwhi ch i s tinedelyed \eachded 3R flpeatb@bor M s Qod Sl‘ﬁehl%ﬁé% S S qyver ggnﬁle

represents the overhead channel gain relative to rrrfl%
[00115] The F&i#hiRd B@érarrbdmmam&e AEKt dhands! liata. Wr@hﬁsﬂﬁ@hom kibndTRY be

BPSK nodul %8@@11&58 ?l%g%ﬁ]gr&g%ge?eat ed over half a slot. The receiver may

denodul ate the har d- deci si on on the ACK channel data.
The recH8bi6t uct i cnadleynapproach 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

L Pr(x=1]y) 2

Pr(x=-1]y) o Y
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[f;y),
where the tanh function may be tabulated. The reconstructed ACK signal is very
similar to Eq. 2 but with the exception of replacing d, by %. 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 (MADP)

detector to obtain the LLR for each bit grows exponentially with the number of
information bits in one code symbol.

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

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



nodel maybe the sane as Eq. 2. [00116] Anot her approach to reconstruct the
ACK channel signal assunes the denodul ated and accumul ated ACK si gnal,
after normalization, may be represented as: y=x+z, where x is the

transm ttedwegmari7e@dnd z is the scal ed noi se term w t h REVIBNSOIGE6 cr 2 .
Then, the log-likelihood ratio (LLR) of y is given as L-1n Pr(x=11Y) - 2 1
Pr~x =1 | Y) ;T1. Then, for the reconstruction purpose, a soft estimate of
the transmtted bit may be: x=Pr(x=1).14Pr(x=-1)(-i)=exp(L)-1=tanh(L)=tanh
(? 1 exp(L)+1 6z Y I, where the tanh function may be tabul ated. The
reconstructed ACK si%lnal | S ver simlar_to Eq. 2 but with the exception

y q
of repl aci ng28bsyy thein fogeter, Bienispreachpy ausrRN seauencesnd fige theensbdhe ehanesi-
approach shoy} ' t C i d ei ver
doos mot. Know H N A S R R R, RS bR CE o Sl BT e
i nt o pi ct ur e meltvrgbappridhdbr subtrgtios palposeny be extended to overhead channel s
menti oned above. However, the conplexity of the maxi num aposteriori

probability (MAP) detector to obtgi he 4L e bi;t .0t pws
exponentially with the nunmber of Ef:ﬁfnfgltfrr@' i gh&o%rl% S ia@gﬁ%f Lotfe synbol .
[00117][ One efficient way to inplenment overhead channel reconstruction is
one finger, nmy scale each decoded overhead signal by its relative gain,
cover it by UpBtRICQICand THH 2006/ 071760 PCT/ US2005/ 046736 21 and sum

them toggghgr. t h?ﬁ]ntspf(f%i[c.b%(mp@ﬁlo %g%%#?@ﬁﬁn%f&ggéhﬁnéav%eﬁé% g&g%i'ﬁ%néehgnd

channel - scaled filter hQ all at
conput ati on &smabesystem aapacitymﬁﬁfﬁyerbdﬂ@dir@tdudfoanceﬁm aderis @f PROY QIESnd
JEL L0 e, e S b
complexity.
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 charmel 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 sequential 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'conh*ibutions alt 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



i ncrease system capacity. D fferent decoding and cancell ation orders of
PIC, OCand TICnnay yield different system perfornmance and different

i npacts on hardware design conplexity. PIC First Then O C And TI C Toget her
(First Schewmelojs®Orda®] FI G 12A illustrates a nethod to Hdwe2o@eases m Pl C
and then perform O C and TIC together. After a start block 1200, the
recei ver derives channel estimation for all users and perfornms 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 bl ock
1204. Therefore, all users' traffic_channels and certain overhead channel s
observe | ess OveRERVit iingwup afpapkets hedt fremybis sancellationm Eiecancellaionmapi | ot
cancel | ation., r d sers,
e.g., whose pac %é)q]grng@& 85%%%%&?%?0% agltlgag%i curren‘%g@lﬁﬁ@ﬁgte dary

Bl ocks 1@0BR21210 peGf t2Bnillustretch eadpparatid ccﬁnprfsargrmbarﬂe]mdutzm k@ Perfrth the

decoding. In bl y.the su e nne data AR
be reconstrucqlgg %ﬂ%ﬁ%b%f‘g %ﬁﬁgﬁ?’% hg gﬁﬁ%ﬁﬂﬁ EE mgted dpar ed
by all users.hafivask sam&e@b@@lsﬁbmﬁéﬂ@haﬁweemrs%wmre users to decode.

Bl ock 1216 term nates the process. [00121] The

decodi nglPPE8bnst r JeEi bHx dhistaies avpdsionesy ﬂwempthocblrg&ﬁ.elﬂﬁ alBloﬂaSs}ﬂOéfiZﬂ@ om
one user in %e&BWQs%BaI%Q&d%‘ﬁ dﬁﬁglrch'mmei Eb%ﬁ-ﬂﬁeoiﬂ%locw . BRYAS06 8%1&

successive interferé&nce cancellation roac users.in
decodi ng or dexr dath-besed emnecl gptivae berefefinesi f;lnannelt Mnmmcd])dtabasnd&haﬁneuser s

in earlier deg |n or der inplifie oach,is.tq decod | rsin
t he sane group&f1 ay gﬁ?}'lq%gsbegtg]bf{wé]g% ?‘%81 f 3 s é?rfb@ae‘?%%w gﬁ]l% t}gﬁfons
all at once. 'Eﬁbrrﬁsemﬂiﬂlahwm 086 rehoves he fidvised e timblRedr ekl BlskOWa Pot h
| ower menory b ndw dth and nore effi cjent 3%ppellne architecture. In both

cases, the udeiremegteddhe chappelestingateimblogleli®0nate at the same sl ot boundary
but WO 2 9@4?7176@‘01? g[éﬂlﬂlgz%fdgf %ﬁglocﬁ%fl]z%’ff,’il@pre {eﬁ ﬁlWﬁﬁlogﬂlg% Rlia

packets benefit fromthis cancellation 'S cance tion may ~ac coun% for
a maj ority ofsignakestiatee(cl gt piloh Sg;aalbl Piljm] domathy uedemdcsmpﬁﬁlﬂh&;gﬂia@am on a

[00122] FIG B i,llustrate . a r ans 1230
performthe ﬁ?fo?}lag?sl @m %2 ‘?‘ﬂ ﬁ?&&ﬁ?ﬁ@n@w %ﬂgq ge sche 1ops
i npl enent ed igatimbta Pyl e]?he&ﬁéthwﬁﬁyQﬁen&eﬁ@ﬁ’é)th@aﬁér@xﬂelﬁﬁl PELAPELE dﬁf&ﬁ:nce |
sof twar e. [001231hfFIG 13Aillustrates a variation of the rrethod in FIG |

12A. Bl ocks 12omthesample 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 sofiware.
PIC First, Then OIC, And Then TIC (Second Scheme)

[00126] . This second scheme is similar to FIG. 12A described above with the exception

that overhead channels of the same group of users are demodulated and decoded before
any traffic channels are demodulated and decoded. This scheme is suitable for a non-
interlaced system since no strict ACK deadline is imposed. For an interlaced system,
&.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 (1slot = 1.67 ms). Therefore, if certain overhead channels spread over
more than this time scale, this scheme may 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,



renove a signal based on an initial channel estimate in block 1202. Bl ock
1300 derives a data-based channel estimate or a refined channel estimte.
Dat a- based channel estinate may provide a better channel estinate, as
descri bed Ived zosoBFaack 1302 perforns residual PIC i.epcTnSIOVeS7H revi sed
estimate of the signal based on a refinenent of the channel estimate in

bl ock 1300. [00124] For exanple, consider that bl ocks 1204-1210 resulted in
renoving an initial signal estimate (e.g , pilot signal) P1[n] fromthe
recei ved sanpl es. Then, based on a better channel estimate derived in

bl ock 1300, the nethod forns the reV|sed signal estimate P2[n]. The net hod
nmay then re 1t PHet/Qverhead{Braffic ChannelCanallagion (EheXbird SchemeY he sanpl e

comr 1 STl LS ?@%”ﬁ%ﬂz*ﬂo&%%ofll oty fefBa ORICE CE R AREN AR it 10n
I i 128k, Mt e ey o e g b,
Then O'C, Anf° nﬁa’iwﬁ S {‘@ﬁngﬂwmgﬁg?“f‘%&%ﬂ G ofpsydecodad Bsrep- SRlekrbA4q6s
simlar to Fldestihmfsdechhed ahay epitdt.h IS EARLIAD 4 (Ej; ét C%Megefore any

channel s of the same group of users are denodul ated and ded
traffic chanpedrkeadita 1 slipagdd aipndaad sldendlingT hBlocls ¢ hihperfosms RIE &rlall f or a

non- interla | eadl iyne .i For an

i nterl aced sys%e%ﬁ%@%ﬁﬂ%%%%ﬁﬁ%sc‘éﬁﬂﬁgggc fﬁﬂ é‘?‘gﬂkﬂng?%glpond to the
trafficlsma®inel sDiffenekdtom fiehfirst dohbime ARG ldﬁgt@ﬁbmedi@lb@)é afedr thé Shdnh6l
channel subpa .S neral, ,are Jimifed.to within a couple slots (| slot
S ) Pasin AP RS i dgel tﬁ%a@t&ﬁ@mwgb@aﬁe@a@gra@wé ¢ han
this time scabg awa 'aﬁd%@ﬁléf%ﬁnﬁlﬁﬁ)ﬁq?uééﬁff&aﬁdv@r%on&& B A (Lj}ﬂu 6185' DO

RcvA, auxiliary pilot channel and ACK channel” are in a short- ra Ion
format and maben g %SFBW afvsers who trrmimpted at ﬂn@ same@mcmzmamrbmag@ﬂma?sa

23 Joint Pil The Th| rd Schene)
[00127] FI G&%%gdﬁl?us ‘%{s‘{‘%%%a%%gi“ %H@SH% e and TIC
After a[lléltlmlt b Emlan]adteﬁpteﬂrdewdmgmseglrthdﬁleﬂm&ﬁm hlaraﬂgﬁat%ﬂlb féﬁéﬂh inenfrbar al |
users and pe 0] I N ock 1402. Bl ock 1404 chooses a group
G of undecodé’ﬁ rrgpg {@@i %&’SG’HOF seeg d¢ss ARtprereRgscoompatadeto the dimep(blasks |

Bl ocks 1408- f ul.ation
Bl ocks 14 ngm%? vaAlh RS aﬁ?ﬁggﬁgg} pByer BRRAl bhAld foferfRAHR0 ShncIARA s

previously decoded packets which overlap with the to-be-decoded traffic packet.

Therefore, the channel estimation quality is improved, which benefits both fraffic’
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
from 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.



users and O C and TIC for only users with successfully decoded channel

data. [00128] Different fromthe first scheme (FIG 12A) discussed above,
after the channel estimation for all users (block 1402), the pilots are
not subt r amteshof/om@meFERAM 312 right away and the channetrestoonessian i s
used for power control as the non-1C schene. Then, for a group of users
who term nated at the sane packet/subpacket boundary, the nethod perforns
sequenti al decodi ng (bl ocks 1408 and 14 in a given order. [00129] For an
attenpted decoding user, the method first re-estinmates the channel from
the pil ot é(bl ock 1402). The pilot sees less interference conpared to the
time (bI[‘H’é 3] 1402§I<“Wn1éﬁ illpstygdes a@earm@ratuatce@pnmgmlﬁ@nm@ 1d0e 1512 to

i nterference &gd}g] f Vi rlap with
t he to-be- dego e ra 59’@"35% eﬁ\ ﬂge?rn)’e( g?g% %edog ;lg y\g’sﬁ&r‘rgg

qual ity is i b@nmﬂaﬂentadmdiardmne%mﬁ\sarbot dcdmighdtion of hﬁl’dﬁzﬁfb@lndd@ﬁ@&b ng and
cancel | ation c_ estimation is used for traffic
channel deco ISR n overhead channel decodi ng

(bl ock 1eba8) (e g;t,m@%lpp@é}aﬁﬁqtrsﬂgahé\émhmmg% d;s g aﬂge&( étPto | s

fini shed for one user at block 1412, the netho tract this user S
i nt er f er encethedhied pehsmeosincer the pilehwgmrisgmksown iwﬂlecBTS rwﬂ litimskast snm ﬂoot

channel and ded ve Ehlﬁﬁﬁl 01 Bl ock
checks whet hgd%x%lg@rg% 1glrief()fr?r[mfe useréﬂe@efscfg%%%gmégltgc ﬁ%sm{l%l"ﬁ’i‘cﬁ \s § t he

process. [ 00¢8lity, Fh&first 4*.Eherﬂ1d nlmy roatperforan tlepthird aschiem e ApighouNgl ABR@ NGtes,

1420- 1436 to erfor{p Qﬁ of FIG _14A, The neans_ 1420-1436 in FI G

14B nay be |H§W8Y%n T FFarS e, SICE f PfaPilot o Fhagmel, gHimationo rees f higherdwar e

and sof t war eintdrRe:hde thalilthe trd i dadal déslotah®sh, V@
FI G 14A. Bl gock 1500 derives dataa based chanene lh%ieglqggtﬁ{g}s&m %1%&@%%8

perfornms an Bpticemmsirustion gwapsepfior dwth rPﬂF‘t gtnd Q‘@Aheamaﬁfﬂi)ml@ﬁ 1586 @oisier.

roans. 1420- TSR oo o6 Remb, oo Iichil EbE Pl AR RO, oo

1420 1436, 11$§Graﬂi6mtal de@@latibﬁﬂectﬂmg, likee mtajf@aimt Bdell sechabiyd g @efire@f t war e
a conbi nat,j of.. har dwar,e and 5%1: I¥§"r§e ?tPTr adeof fs Between The First And

Th| rd Schene‘?af]% PRt 15 saps @8 e Semedyaign. sHisay ep pvevegestier i or
per f or mance @asyRiesqidity 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 charmmel

demodulation or traffic channel demodulation (in terms of reading samples from
| memory), and thus, there is no increase on memory bandwidth requirements.

[00136] If it is assumed that the first scheme has SC% 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



the third scheme since the pilot signals are known at the BTS and it makes
sense to cancel themin front. If both schenmes are assuned to have the
same cancellation quality, the first scheme nay outperformthe third
schene t hr mwhosrt7iadol data rates. However, for the firsgtrastwses7msi nce the
pi l ot channel estimation sees higher interference than the traffic data
denodul ati on, the estimated channel coefficients used for reconstruction
purpose (for both pilot and overhead/trafsfic) nmay be noisier. However, for
the third scheme, since the pilot channel estimation is redone right before

the traffic dat,a _denod ti d di , the interference | evel seen by this
refined chalid) Delps- ﬁ%&{ifg;, ﬁié’ iﬂﬂeocalgsﬂh@n lﬂi‘eaFERél\’BmDaldd@&ﬁdqmvtaim%/on.
Then, on avefeligeal foRereraa el @deon pibilovestof] ahdrabhl flamith ol By e

DEr s ive,

better than the first schene. [00135Eg From a hardware design
the third sctidflediayyargusorders, dndisanceled dor subsets afetdessitermipalum t he pil ot and

decoded gpys head [ .dat.-a_and cancel .them together,
t her ef of e, fR‘ti hi s a%%(rj%éfgﬁgcéalgetg rb%e%nor f/&grtgeﬁ%ecﬁaﬂ‘?el oR ﬁ%thwh%mgm%aﬁlep oft he
re-esti mat i oCoTIQiahd DIERorioee pesfaon tad fagideAMB I Ahéth&rapggo%?%%g
channel deg@flgrl:a.i n.or traffic,chaRneI dempdul ation (in ter of reading
sanples fro renory) ) & n dwi dt h
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cancel lation_qual ity of t(rb?e tﬁi rd schene, %%@?giagpg%?ﬁgg{ﬁ%@%ts\%gn dat a
rate per useim¥erldiEseylyn approsbanareydie anplied so ahy ofehenmithods} schames, snihe
first schemeypdesdk i 2 in |owdata rates region and the opposite if
all high dg'?par regtg ﬁg@rgidsne%lng met hod may al so re-estimate the channel from
t he traffic Inyopis pcldistinpeetinocfor dhtedifeténce CadledsigiRd. - The cancel | ation
quality 11 i RRe .since the traffic chann operates_ at (nmuch) higher
SNR co Ogir%g to t 8%‘6%1: & a%%aﬁﬁg II?COFWE%‘?‘]CEI@F@F%@ @Hﬁﬁwi@aﬁﬁya}ﬁ@t.
renoved ( canysbmerfontect bey GIIMANREEM Rk %ﬁple&%ﬁﬁﬁﬁﬁ ehcga’n%ﬁlgﬁg%{g%@' c

channel' s may be_renoved_ once they have been denodul ate
successf ul | yeCOPFIryeEng, fad; maving ariops cosarmerts i tanswitddddatac dass RAKE

denodul at e/ depde 4 REHDYE MG 1.1 afifid annel.s of..all the access
terninals at some WD 2%0%/%?%%?%&%%%@%&%?@ BrFE e R, fgspect itch%(eimlé? | f
this (PIC, ©pauenom agyl thercritos filtetieg(ieh ecmmRBAhgOaet a0 BhptoSRAd firfdd of Gisjedual
interferencq‘hgrﬂglgﬂlogfﬁﬁe f&tlﬂ{eﬁ OV&L he %Bd traffic channel” data may be
cancel ed in vari Gus of dBre, “Ande SaREH I FIPYR 8 grompromgise hetwegsingisasitmal s .

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 chipx] 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 chammel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1xEV-DO, 1XxEV-DV, WCDMA.,

[00142] To petform 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



[ 00138] One approach is to performinterference cancellation (of any
conbination of PIC, TIC and OC) for one user at a tinme fromthe RAM 312.
Anot her approach is to (a) accunul ate reconstructed signals (of any

conbi nat i owoabeeR7C60 TI C and OTC) for a group of users mnguéRisdsban perform
I nterference cancellation for the group at the sane tine. These two
approaches may be applied to any of the nethods, schenes, and processes

di scl osed herein. Inproving Channel Esti,pation For Interference

Cancel l ation [00139] The ability to acclUrately reconstruct received sanpl es
may significantly affect system performance of a CDVA receiver that
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represent the miltipath channel rtself, t nel” "es te shoul d
al so accountmetend mpg “desprsdC dheoteceiveth savinlesefe. sanatarpalated ¢o chipk8)ewithghe
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[00144] Instead of estimating the multipath channel at each of the RAKE finger delays,

this section also describes a channel estimation procedure that would explicitly estimate
a combined effect of the transmitter filter, multipath channel, and receiver filter. This
estimatg 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 2 priori estimate of a
combined response of the transmitter and receiver filters. Furthermore, information
~ from the RAKE fingers may be used to refine the uniformly spaced channel estimates.
[00145] FIG. 16 illustrates a model of transmission system with a transmit filter p@®,
overall/composite channel A(f) (vs. multipath channel g(t) described below), and
receiver filter g(f). The digital baseband rebresentation of wireless commumications

channel may be modeled by L discrete multipath components



estimate, the transmt chip stream would be convolved with a nodel of the
transmtter and receiver filters and the RAKE receiver's channel estimte
from despreading with the pilot PN sequence. [00143] Instead of using the
pi | ot chanmal 2006071168t €, an i nproved channel estinmate (abcresbsRgKE fi nger
del ay) may be obtai ned by despreading with the reconstructed data chips

t hensel ves. This inproved channel estinmate is not useful for data

denodul ation of the packet since the pagket has already decoded correctly,
but is rather used solely for reconstructing the contribution of this
packet to the front-end sanples. Wth this technique, for each of the

del ays of the RAKE fingers (e.g., &ELE§%‘ﬁg§O|Ution)’ t he netﬁod_nag
"despread"” the received sanples (5. i rﬁélated to chi px8) ~@fdRnehe
reconstructed data chip stream and accunul ate over an appropriate period of
time. This Where thecqmptes pathampliseles Awmn vith estréspandimndadaysee Thecokibaldli ¢

channel is transm.ited at. higher. power than the pil ot channel (this
traffic-to- p‘%f%f%?ﬁ?f&w i g?“?ﬂ%ﬁ@&%”@fab%‘iqﬁé‘% ##8) whesgi ng t he data
chips to estimate the channel for TIC rraégresult in, a nore accurate
channel estimate for the higher p6{tTal)B#ds who are the nostEquapiontant to
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sanpl es (e. chi px2 FERAM . The channel estimate nay be achi eved by
despreadi ng The front-end sanples with the reconstructed transmt data
chips to achieve the T2P gain in channelr estimation accuracy. The tine
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channel may deled by L discrete nultipath conpon
PCT/ US2005/ éﬁ@%lg%ngeﬁc%annel estimates in FIGs. 18A and 18B are based on despreading with

pilot chips (where the overall pilot SNR is -24dB).
Despreading at RAKE Finger Delays with Regenerated Data Chips Instead of Pilot
Chips

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

recenstructing a user’s contribution to the received signal, In order to ifnprove 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 chips, where the data chips are transmitted with 10dB more
power than the pilot chips.



L g(t) _a, S(t - rr) Equation 3 ra where the conplex path anplitudes are
al with corresponding delays tir. The conbined effect of the transmtter
and receiver filters may be defines as O(t), where 0(t) = p(t) (r) q(t)
Equati on 4 wawme/e71(60) denot es convol uti on. The conbi nedptrjusems/eftadn chosen
to be simlar to a raised cosine response. For exanple, in CDVA2000 and
Its derivatives, the response is simlar to an exanple 0(t) displayed in
FIG 17. The overall channel estimate isgiven by ¢ h(t) = g(t) (r) (t) _
L a,o(t - rr) Equation 5 r=r [00146] FIGs. 18A and |I8B show an exanpl e of

h | i mat i | . i i nts) based th ti mat ed
i 11 pad BT ne PG R i3 A SntRid o SAeRan # RARE sEendlens e
actual channeleriesated @t chips.a I Blobil 20000 fake 381%1veh 8 1@?@. _@,?] glasﬁée&dg?m{lé"ﬁ&d

stars. The reconstructjon (dotted line) is based on usi

Equation 3 afsgwples Withpil chipf de et dingersyaluast ds bilorkF2008, dénfoliubinsd 18B

are based onzh ' ] ' [ re t over al i.lot, SNR is
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di rect inpact,. he fidelity of reconstrycting a user's contribution to
t he recei vedé héll%gr;b r}}aﬁef enp?]&gg,cfg?ntf%eaivwﬁr moiﬁ@ngﬁ@ﬂfréﬁ%h@ég-oin blorin 2608t ens
that inpl ementit 400 dedpesads RontaNE RhhRtd brins} ' O, lise 2 user's
reconstructe da&a ,crﬁs to det errri%e gﬁthi %Smﬁogﬁ%?r’%is Egs%#rrlg? O.VGEThi S
will inpr oveCi‘?W? SRtEnAte gheagh fingss delay. elnfhieck20d0,switt408 ctdonstrucenaet €4t que

for CDVA SYailﬁ%V&hQ%yco@ﬁib%ﬁﬁﬁfd @&93&?%&“&?@3%1 adi P@"fw&%@rg&%@ecl to a user's

transnmitted data chips" as oppose he cla g with
respect [0080h use®1S. 20Ribustteedn appdraits cimprisiny 1040208680k pdrhal hbe RAKE

finger chan ' esain Fl Gs. 1SA- re _based on despreading with
the pil ot cﬂﬁ%lé&?%gﬁé ?% 0 r@F?HSz:ﬁ?égggﬁﬁl iF§8= 20Bipyay b¢ @splemomed 19B show
exanpl es of lardwargsofesteohadsfbingin JFRkRWARSEE sOfwRAKE fingers and
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(¢)). Therefore, for the receiver to mmplement a filter matched to
the channel output, the RAKE receiver itself attempts to match to the multipath channel
only (i.e., g(#)). The delays of the RAKE fingers are typically driven from independent
time-tracking loops within minimum separation requirements (e.g., fingers are at least
one chip apart). However, the physical multipath channel itself may often héve energy
at a continuum of delays. Therefore, one method estimates the composite chamnel (i.e.,
h(?) at the resolution of the front-end samples (e.g., chipx2 FERAM).

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

estimate of g(¢) combined with a model of ¢ (7) .



despreading with the data chips, where the data chips are transmtted with
10dB nore power than the pilot chips. Il WO 2006/ 071760 PCT/ US2005/ 046736
28 [001491 FIG 20A illustrates a nethod for despreadi ng at RAKE fi nger

del ays wi t Wwo zmwgenegat ed data chips. In block 2000, rakecresmovers’dld (FI G
4) despreads front-end sanples with pilot PN chips to get RAKE finger

val ues. In block 2002, denodul ator 304 perforns data denodul ation. In

bl ock 2004, decoder 308 perforns data degpding and checks CRC. In block
2006, if CRC passes, unit 400 determnes transmtted data chips by

re-encodg; re-interleaving, re-nodulating and re-spreading. In block
2008, ﬂ%ﬂ%’hoo ds fER _eFf?%ﬁ%OneH@C%!déth@ hhereinnexnlicitlyd eetimatesc tieps t o
get i nprovedcofbiaad effect i 'ﬂi@&&sﬁﬁtt&aﬁlﬁr,fﬂlﬂﬁgﬁthc&%ﬁ%l, :Jn['a. Jé&é}f% fﬁ%%gg‘h_ggght

400 reconstructs user's traffic and overhead contribution
sanpl es wi t he§tFiOMeY henatnthe saws tresvhittion a80bd S0drsdinled ZOB-edd saiplal @.,an

apparatus co L 51 a - o _performt met haod of EI G 20A.
The means Zog%lf’%%gg InjFﬁée%gé%eﬁg%%gée I}I%b‘;eeﬁ@mvg@%yﬂes HiRethe frogigmdyar e
or a conbi nasdngplesofith thechecorsirantel] afsiivdata cHisd formhiend tHel TE2ICEAR 98 bitBnGhannel
at FERAM Resoltuti.on w th Regenerated Data . Chips [00151] C assical CDVA
recei vers may  R@PPIATETNe 105 MBIy of the ugHommy spared chamel esimatesstayde each

of the RAKE EhoR@ebasee b yifFornddiidn 8GR HNER AR L8 aﬂ&inﬁ%n%?gr&o@ﬁgﬁ% of

recei ver may include a |ow pass receiver filter (i~ e., q(
mat ched to t W& compiiRd raspense of ihetteansmitter end regefor filterfh duethemenye, finfbrrhiton

receiver to kppl ggngaﬁE_ he .channel output, the RAKE
recei ver i tsgﬁfﬂ tgt tenmpt s %Le(%gﬁ% ggg’lg%ecgﬁée@nr%ﬁ“? Plblgqrﬂﬁgﬁgﬁﬁtgpﬁangﬂe}stupgt@%_ ,
g(t)) . The dBbiaylt i tothmidRaldE oftimaing ShedtomnpoMiy dhabel il KalkolusOill beagipgendent
time-tracki nﬂdl Og%i W fhin mnimum separation requirenents (e.g., fingers

are at | east ™ IBHFIOLFApiIrehs desien iqdite tep priethestistjeselodlt) .mul t i path channel
itsel f ymysgf ten dayes eNes®y shdl a7 | H’%?tl)h Yoo il GLoL e, Lone
met hod estimates the COMposite cﬁar?%%ﬂgl% pﬁiggﬂn%t ?cg{np?ﬂ C‘ri'@’é%q?blfli‘l%n of
the front - enenifoamy speceeamples etruhpd? RERAMDN. Th D005 2) AVYTH) the &ASEHihs POVEr
control on t-egm_rvrselink t C | ped finger SNR fromall
mul ti pat hs algd"lr gcel }/egro%él11 etﬁnaagﬂ?tsgﬁ@rﬂ%gg)f‘{% a‘é‘I)ﬁ?f?tﬂ Pfeao‘i]_% |The yngforn
pa{ ti C;J| a(rj r@aggl citimaic phege befterINRitFRsmpeRH Hth dbsBreS@AP Yhlthe ﬁﬁg‘@ﬂfﬁg
estimate deriye
on\fy 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 is high,
corresponding to the case of despreading with data chips for a high T2P. When the T2P

is high for a particular user, the channel reconstruction fidelity is important,

[00155] FIG. 22A illustrates a method for estimating composite chamnel 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.



fromthe despread pilot chips that has a relatively large estimation
variance. That is why the RAKE receiver attenpts to only place fingers at
t he "peaks" of the energy delay profile. But with the T2P advant age of
despr eadi ngvovmbonie@onst ruct ed data chips, the conposi eTaisanseds73s
estimation may result in a better estimate of h(t) than the direct
estimate of g(t) conbined with a nodel of 0 (t) . WD 2006/ 071760

PCT/ U52005/ 046736 29 [00153] A channel =ggtimation procedure described
herein explicitly estimates the conbined effect of the transmtter filter,

It | iver fil Thi ti mat be at th
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the reconstructed transmt data chips to achieve the T2P gain 1 n charinel
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incorporating the effects of the wireless channel (channel estimate) and the transmitter

and receiver filtering. Both words “reconstruct” and “regenerate” essentially mean to
rebuild or reform. There is no technical distinction. One embodiment uses “regenerate”
for data chips and “reconstruct” for samples exclusively. - Then, a receiver may have a
data chip regeneration unit and a sample reconstruction unit.

Adaptation Of Transmit Subchannel Gains On _The Reverse Link Of CDMA.
Systems With Interference Cancellation N

[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 fransmission, 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



channel estinmate by despreading front-end sanples with transnitted data
chips at wuniformdelays for an appropriate tinme-span. 1001561 FIG 22B

il lustrates an apparatus conprising nmeans 2020-2030, 2220, 2222 to perform
t he met hod V@ 2@p/E17T62A. The nmeans 2020- 2030 in FI G 22BPeayusk@s/od613s enent ed
in hardware, software or a conbination of hardware and software. WO

2006/ 071760 PCT/ 1TS2005/ 046736 30 [00157] In the description above, g(t)
is the wireless multipath channel itselfzjwhile h(t) includes the wireless
mul ti path channel as well as the transmtter and receiver filtering: h(t)

= ] ' 14.00158] | he. d LRt b " | es”
roy bb ot any LB ry Ay Helebul b Setcnge B iBis T (STl e £ CBATA svemer o o

one per chi psinglROddv@r coRegenayaidest dat RarshitPFowe! & ﬁigjtgeghi@éliﬂeeg (lz j 886
oc

re-interleavin r.e- nodul ating, and re-spreading, as shown in
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t he receiver . . Ly hip). These reconstructed sanples are
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transnitted 5f PP B SYSieR Shatitmglemsats Ioe c dhe daghuignest e bagaingt €DMA chi ps
may be ref or §RBmsSuee & EODORevAl £45 : 8o N , ereas
"sanpl es" arimreforned basquq%exﬁuflfir?gjﬁe[e%?lel offongg ]%ﬁgégbaﬁ%cﬂ%&%rati ng
the effects &1 9dma20®t el ess channel (channel estimate) and the transmtter

and recegjoye filt-ad : sreconstruct” and 'regenerate’
essent i gjl I€/§|j nean ?{gl ﬁ%@%ﬁ% gec\(@?{qgé (IJIPﬁ\em P&V gf‘@cﬁ%ﬁoilmhi@fqr%t i on.
One enbodi mesvbchesedls yegiaptively ehanginy tbapsn QT dish A0Bchaked ORSSHHG in Q"
sanpl es excl usively. Then recei may have a data chip regéneration

Yy hen, ar er :
unit and a s meEBmLTics &t foams BKPQletA@%%t@t?i DINEOpT intexfeserice pSwhe Mhanel
Gai s On TheiReietos Brovidaka CLdBRNBow S i in e ncel Lati on
[00162] Ml ti-user |§nt erference | s?va ﬁ t \rﬁ‘\!goglpgf(:%?ﬁ| nsnéww #i ssi on
syst em and ¢xploiting 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
subchammels to the front-end samples after those subcharmels 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
subchanmel is related to pilots by a fixed factor T2P, which depends on the payload type
and target termination goa1|s. 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 T, 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



any receiver technique that mtigates this interference may all ow
significant inprovenents in the achievable throughput. This section
descri bes techniques for adapting the transmt subchannels gains of a
syst em wi two b@s/0f1081631 I n the reverse |ink transm ssi @CI/ESaws/ 0498
transmts pilot, overhead and traffic signals.. Pilots provide

synchroni zati on and estimation of the transm ssion channel. Overhead
subchannel s (such as RRI, DRC, DSC, and3ACK) are needed for MAC and
traffic decoding set-up. Pilot, overhead and traffic subchannels have

di fferent 06/ 071760 PCT/ US2005/ 046736 .31 requirenents on the signal
to int erfey\geﬁégoﬁpggéﬁgfeséh?%ﬁ%w(‘ ITR§RfCt 1P ﬂi’ﬂatsé[?ﬁ}gd%éi@@ﬁd gccoslingly i power
control may oRWARE plotide iiadETEd pHEMREnR] THd fk8on WAL sSivE f oai
overhead and traffic subchannels has a fixed gai n_?éq?lgt ?lgeeﬁtg%&%@hog%ﬂ ot s.
Wien the BT&DH0d fagyevpbesd wnd 1pilet eubchrmelsn and | igshniqves \eae idostsibsdilfoh @nel s
see differegtHyg! i e ' on.the order qf |ICs and the
cancel | ati on a@apaﬁi#i@?e@"% ﬁ{c{ %esﬁ{(é?gg&e@ %gfjét{‘tg? iSXSt?%ﬁ’gtquﬁ}ﬁ e’ﬁg?]%@%#m
subchannel ai ns may hurt the system performance. [001641 This section

descri bes new gai ontrol strategies for the different |ogical

subchannel swmmgw C. The techniques are based on
CDMA Q04685 S UTHo parafmvteRnEENAy BOSUIHRA B8 ofeRbddedbbRinEY- W CDMVA
ET L, and Cd"ﬁozgqor?z;’ [ 001651 Thgydesérj bed techneiagues I mpl errgﬁaggfv\ﬁecr and
gai n controf® Bt P e  Whmchin i reivey thedeysrhead| spbetnangi guinst iney dei n of
each subchappghsaqaMid19nbR : r erfor e.in ternms of packet
error rate, Sl NR gr i nt erFeI?g?ld(j?gmp%ﬁm%ﬁ a@ﬁ\g% éﬁ%@ﬁﬁgtﬁé\ﬁhgﬁwgm tei abl e
power and gBile aadaverbéadmechaninsen Bihdanotihg with @ thielbyscliay [0 @icll if thetcient
potential s Cahi rovi.di ng.robuystness, fqr a transm ssion on a tine-
varying dis gtreg’\t/h\e@msetvgvcaﬁlaenorfé €0 %i‘g mﬁtgélflf“éilé’ﬁbe cancel l ation refers to
removing a contribution of |ogical sghchagnels to the front-end sanples
after those subchannel s have been decoded, fh order to reduce the

i nterf @0&Mie on IntbdC shanathe b¥alicadiplibt SaBcABENIRS thebGlo iniefrgl%h% lebdie
IS

transmtted pilot. signal is known at the BTS and the received pilot
reconstruct%g(lzdle %@ﬁ%gfﬂf’wlwwa@é?‘i‘ﬁggﬁ Ay give sefisfotaly petfermantefol er ence

is renoved hyh ov@EAMSATIGAEBShIRITREE] N&lortALOUOh i t s decoded
version at the BTS. 1001671 Curr er?tﬁBT}SUY Vih ?E%@Q‘P‘c@héé’ﬁ%&%%%lﬁ%ﬁw of
the pilot sWheh¥niensedsheiintexferdage level is different for the overhead/pilots and iraffic,

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

Ap,p with respect to the tabulated value, in order to satisfy the requirements. By
denoting with T2P the baseline T2P used for a particular payload in the current system,
the new value of T2P will be: '

’ 2p'=72P: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 channe] 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,




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, which
depends on the payload type and target term nation goals. The adaptation
of the pilwo:2meweréd s performed by closed |oop power acamvgabosmwesrBani sm

i ncluding an i nner and outer |oop. The inner |loop ains at keeping the SINR
of the pilots (Rep/ Nt) at a threshold level T, while the outer-loop power
control changes the threshold level T fgg exanple, based on packet error
rate (PER). [00168] When ICis perfornmed at the receiver (FIG 4), the
adapt ati on of. the subchannel gains may be beneficial to the system In
fact, since HsgHve bhermallonttghs 4 different WO 2006/ 071760

PCT/ US 4673 h res t to

Pi 1 ots ohat) g be%‘33%?%%*%@88“%&??%?5@%%%aeéﬁ?% UsiBbehd’ TRy

per f or mance ofmtmiermtfmmm threengce vedve griah gicfilsabtedmotioh ofqiower.C gNinddatdsQke

adaptati on orrsE OF R ARG s RO R oIy SCem by 1ulty

exploiting the 1C. Inportant Paramstqr-gltn a Systemwith I C [00169] Two

par anet ers e ad usted r ubchan ains and traffic
to pi | ot (T;@?R’gg? }réfp ﬂn&aﬁuge ﬁ%é’@ @%Wﬁmﬁer%gwmﬁw {3ai ns may
be incr eas&dﬂl(theKatmen 1@iseforbhdd) the'HOT)fs(mIl ithforfint RV iR d{gﬂﬁzari' exi bl e
trade-of f bet %Rﬁ%ﬁe\ﬁnd over head performance. enoting with G

t he basel i néul?g bg gentralled pthyresppes t‘hé\ﬂﬂ@@b i.ofto ehsurediar head
channel gain will be: G= G A0 [00170] /n no-1C schenes the overhead/ pil ot
subchannel s see the same interfer®0de=+&weROds ,the traffic channels and a
certain ratio T2P/G may gl ve satisfact &by per "ormance for both overhead
and traffic rmance as well as pilot channel estinmations.
Wen ICis I@E%Wat%@eglﬁ ?‘g?ence |l evel is different for the

over hedepd]l ot s Hbdrewraﬁréiﬁe and 8étfle E@é?héﬁ&%uﬁtﬁiaﬁz%i&ﬁﬂﬁt Rs@RARY the 9 oW
coherent performance of the_two tg pes of subchannels. For a given payl oad,

the method AESPUREPetiEn2pspotiberceyldhapyelsisreleedto thA?lﬂPowrtthﬁrmelspEmado t he
tabul at ed vahéerc. igp-0mge t I Wt h
T2P the baseline T Fe’ useROIrgsrﬁ%fgﬁ%ﬁe@%%%}&qﬁg}ﬁﬁﬁg}& a#% %ﬂ’? Vstem
t he new val pewef Thpgfastive RO magife conff@lRd b EAReshold, i.e.,
ROT,, =2 poren,
N,

thr
0

The constraint on the ROT,y may be equivalently stated as a constraint on Iy’, under the

assumption that the noise level does not change:

Io < Iéthr) ,

where I3 is the signal power threshold corresponding to ROT &

thr  *

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

not benefit from IC) decreases, leading to a potential increase in the erasure rate. In
order to compensate for this effect, the overhead channel gains may be ra.1sed either by
a fixed value or by adaptation to the particular system COI]dlthIl

[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.



[00171] The paraneter AT2P can be quantized into a set of finite or

di screte values (e.g., - 0.1 dBto -1.0 dB) and sent to the access term nal
106. [00172] Sone quantities that may be kept under control are traffic
PER, pil otw8h0Ro7eme rise over thermal. The pil ot Sl NRcheizbadoasts dr op
under the mninum | evel desired for good channel estimation. Ri se over
thermal (ROT) is inportant to ensure the stability and the |ink-budget of
the power controlled CDVA reverse link.zhn non-TIC receivers, ROT is
defined on the received signal. In general, ROT should stay within a

pr edet er m neg for afgod capaC| ty/ coverage tradeoff. WO

2006/ 071760 ‘PR P with fixed As =9 dB Thernal Control [00173] lo

i ndi catjem7tjhe pom zzfﬂmél:ﬂatésl 008edbop Mver @&&EOA%C%%‘ B e&gﬂ Xep gnd Bﬁ‘iﬂ:t i on

cancel | ation interference fromthe receive nal™%i

of power. |&w Trl?alld@aﬂ@@ch R208).avEhiadfsipenketionofort the miapiadn af APuhd ¢f, t he
denodul at or %gén fter 1C 70'Slo. The value of 1-0' may be measur ed from
the front-en anpl es after it has been updated with the IC. Wien ICis

per f or #U78]t he RST ilsnet aid obtepdosant3duprash aney Geftead p pAHDORARORY, [and ROT
shoul d be control ed with rgﬁt{)ect to a threshold, e ensur e a ROT=

| <ROT" 6, , , CONGEIQpaEmanng, fordha adapiationel Aupyfduter lpemz?aq femvw;\lugct RHRaddfd ¢ and
sonme over headffs HERaRfie} oo @Bed kdc f The dec

per f or mance of these subcognne S Fgésrsgﬂg%egidtﬂgamée:a?dl 3168%?£P11t'fg%%
measured afEERUPES Egf f ective ROT is the ratio between the si gnal power

hr eshiaPT; o Broy Ese B8 ey Mt GRER S udiots L ot %Qkﬂé’%éfs%@?%flﬁay be

equi val ent | thegemowed imtsrfaremen Sthe ahintcontiol X006 rddBIIES mEzi&ﬁredﬁG‘fP' aflu} at the
i s si gnal power

noi se | evel n <lohrl where IO
t hr eshol d cogﬁgéﬁpaé}ﬁd’“ﬁ’é‘?ﬁ /gnﬁolfﬁe TeCRVRIBreasYESs g intesiirency eethewed usthe 1IC

scheme and adapts App.

[00180] - C. App can be sent in a message to all access terminals 106 in a sector
periodically.
[00181] For the adaptation of App, if the interference after IC is reduced from 7, to I,

the T2P can be consequently reduced of the quantity:
I, ROT,

1P TR
I

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

Iy

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

E_(1+G+T2P)
E,)'(1+G+T2pPY)’

=

where G is the overhead channel gain. For large values of T2P (W1th respect to ), the
ratio C can be approximated as:

{thr)
Cw i

0

[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.y Hence, for the choice of Ap,p the effective ROT is measured by means of a




[ 00175] When the ROT increases, the SINR of the pilot and overhead channel s
(which do not benefit fromIC) decreases, leading to a potential increase
in the erasure rate. In order to conpensate for this effect, the overhead
channel gavazoe@yl’he rai sed, either by a fixed val ue acTys2edaptrat i on to
the particular systemcondition. [001761 Techni ques are descri bed where the
gain of the overhead subchannel is fixed wth respect to the pilots. The
proposed techni ques adapt both the | evegsof pilot subchannel and the A 2P
for each user. WD 2006/ 071760 PCT/ US2005/ 046736 34 Cl osed | oop control of

T21?7 with fi 0 ].El 23 1l lystrates a closed | oop power
control (PC) VA\% gawgm%/g\{rrz?_;l élﬁosxgn]aﬁg%er%% &H?) BAFIPE JERIPB @SRy, havkias fir st
sol ution foﬂellgﬂleatmiatawmlagmongfasé'ﬁa{ﬁeﬁdwtrﬁupdat%@@ﬁéd ses: [00178] A. Inner
and outer | qQps,2300, 23 ey perform povver control in a conventional
manner for tHeSes ' dAzn 09800 receives target PER and
traffiqodd InnFIG Izqqg)ﬂ%?g% g@p % r 0 25302 and a_nmeasured

pil ot SI Ngﬁ and out puts .e m\g‘? X@BPE ﬁle oseé}qfroop ggFCﬁlV@ﬁ)ﬁlﬂ?qu%o )

2306 adapt s effactipe @@AGt%dHﬂabw MO@) Tluhelterﬂﬁmedethdtt RF ﬁ@raag;ﬁamﬂhe
gai n control¢g sured ROTeff and outputs

Sur and ne
A72P. The recefzﬁplgsrﬁaggcgé%?ﬂgsrg& fﬁ?&‘ﬁgg?ee%@@ CF@;?BWH%%@T pefe ICend sweHEne and
adapt s ATZPsysEeﬁ)&lH(m]a diffER oﬁi&@thb@aﬁ@ﬁltbdﬂ{‘ ddedTEARAG e
term nal s 1@3 sé% or 1erl odically [0%1%1] Forﬁt%fsehgl}ollé “@%@?éﬁ qof
ATZP, if th ]IY fl SyeiFRel) 4hg senal power bf&reégdfo: W@ihﬂctﬁasﬁowitbfrqspedt hethE2P can
be consequegthdl pofeH 6L el ap it _ATZP ID ROI . ]JO 2] The
Eq,will i ncrglgsgb(t hroﬂlﬁflgytﬁrkf#g1 PC QIC @58‘% 1??.? QW?IA tr@cli[w gﬁﬁ
[00183] Thecengel,do tmﬁ\lxs@rtotbhelmlmai thbsgnﬂmobvepeﬂm& sfzé@émbhm rpYBt am Wt h and

wi thout 1C adapted as follows:

Iéthr) ROT(eﬁ')

App = ~ o

L' ROT, -

ACK-based control of Arsp

[00186] FIG. 25 illustrates PC for By, and Agzp based on the ACK subcharmel with fixed
overhead subchannel gain (block 2506).

[00187] The closed loop GC of App requires a feedback sigﬁal from the BTS to the AT,
where all ATs receive ﬂle same broadcast value of Azp from a BTS. An alternative
solution is based on an open-loop GC of Azzp 2510 and a closed loop PC 2500, 2504 for
the pilots. The closed loop pilot PC comprises an inner loop 2504, which adjusts the Eg
according to a threshold value 7, 2502. The outer loop centrol 2500 is directed by the
erasure rate of the overhead subchannels, e.g., the data rate control (DRC) subchannel
error probability or DRC erasure rate. 7}, is increased whenever the DRC erasure rate

* exceeds a threshold, but is gradually decreased when the DRC erasure rate is below the
threshold.

[00188] The Arp is adapted through the ACK forward subchannel. In particular, by
measuring the statistics of the ACK and NACK, the AT can evaluate 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.



wll be: G E P(1+G+T2P) E, P (1+G+tT2P) where Gis the overhead channel
gain. For large values of T2P (with respect to G, the ratio C can be
approximated as: I(nir) C--. 1' D [00184] For the estinmation of the
ef f ecti ve WROkpostoleeef f ecti ve ROT changes rapidly due trotiao200sM4%780d
changes in channel conditions. Instead, A72P reflects slow variations of
the ROTS; Hence, for the choice of ATZP the effective ROT is neasured by
means of a WO 20061071760 PCTI US2005/ 046436 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: & r control .update period. Closed Loop Control OF T2P Wth
Fi xed AG > -G8l oxevunad saintechulapes  he sane as FIG 23 except the gal n
cont rol [0®@306 recey ﬂﬁfﬁaelao thieahal of thek aRGL b

2400) . Thi Sﬁal ternative I5m3t hod f or thgﬁgﬁg&%at [ onOb%%d@Z@ B gglééste(! %n the
request of KA P as9cths overhead subshapaplagpinst omﬁmdi)@ahadlmq)fdc@s &y gHiens.

The Epp dlstcﬁgb ' .~ 1he_effect of |ICis twofold
on a full ga%jﬁegaﬁyfgaig%a&l? gﬁseﬂésa?%&;aﬁeg%\;ﬁ\lggogéﬁ(g% § guanfiged ‘J\mqap 4Brcr ease
with respecttOBéche signal power of the systemwith no IC, ii) due to

cl osed- | oop power - ontrol by PER C&)ntl‘0| lo' will tend to be simlar to
t he signal et—0t o et 2P is adapted as foll ows:

Itrer) [0’ ) AZR6s di BﬁBﬁGmé@éb@ﬁ r QPA8EL FI G
25 illustrat gﬁlgPC for T ggnand AT2P based oﬁqt s?'g %h‘gﬁlgeeﬂl[l dof%fﬁkf I xed

over head suBSEHS9Nehesksuhchagne 20 Hdeyed WM@?@suﬂad@lgllabwubrlaﬁaahﬁC ofn AT2P
requires a hgedhagke Bl 9N aknhidR &iG t§gl%\’1td8 e Grfe bt converge of a system with

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

compensates for the increased intetference. This implementation adapts the overhead

gain by setting:
- L ROT
* T "or,,”
[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 E,p, as in FIG. 23, a GC loop 2600 for A, as described above, an open—

loop GC 2306 for Asz, where Aqp is increased whenever the PER is above a target
value, and is decreased when the PER is below the target. A maximum level of App is
allowed, corresponding to the level of the no-IC receiver.

DRC-Only Overhead Gain Control
[00193] FIG. 27 illustrates a variation of FIG. 26 with DRC-only overhead gain control

2702.

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

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



where all ATs receive the sane broadcast val ue of AT2P froma BTS. An
alternative solution is based on an open-1oop GC of AT2P 2510 and a cl osed
| oop PC 2500, 2504 for the pilots. The closed |oop pilot PC conprises an
i nner | oopw®0uk/07Meé ch adj usts the ESP according to a gdwesb@ldssal ue T.
2502. The outer |loop control 2500 is directed by the erasure rate of the
over head 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 belqw the .[.00188 The AT2P i s adapted through the ACK
forward sub&REHALY getor MnltiGelNgtwark t he statistics of the ACK
and NAGis198)he ATSﬁl@é‘ﬂ%V@CQﬁtA%} ﬁ%e}fbﬁﬁéd' 6n RieBl 161,964 ARBhofindE BTS. A
gain control 2510 conpares target traffic PER measured enever
the PER is pifignbmd-efithevarione stetireimay E@lem’mdnf@ranhmqamf adeptatidn. F2MRis

reached the basel.i ne val ue T2P of th no lgf} etgzF On the other hand, for
a | ower PERSC{VAROUEFPBORS IR "r‘é‘%i‘é‘éﬂm 01 eo"ff Pyaretedpest fo barent e

7 I head
P oo o RRE AT T opﬁ?%ﬁ%i@ﬁ%onew PR AR PR R0 1
obt ai ned bythasempgiestpdibgtiuliniopdedAdctbtshile., al so t he over head subchannel gains

(G overhead) to the I C process. “}) this case,. an extra f eedback signal is
needed. The val ues of Au can beA aurent |, 2 f g{ 40 dB to 0.5 dB.

oaded sectors

I nterference power-based overhead gain control 100190] FIG 26 is simlar

to FIG 24 ekeept)widthe dygr hgaiteddy tBEKorH TRE hqfinéyolrece@é difbrehhe over head

subehannel 2600 is based on.the neasured signal power after the IC In
this case, Teqaests ﬁomymﬁdéﬂdammalmldéhlscase,piramusjmtemuewswmdqﬁbd Aonver ge of

a systemw gnal befor.e | C has an increased power |p and
t he over heaﬁleglga Fflayc%g @S CPHPSPPﬂ‘éng Ioche sewag s erip oFden ieensams e

i mpl ement atin@élr@l@a%?éc%nhﬂ&&\ﬁgﬁ%ﬁqt gain by setting: I ROT - Ac = 11,11, -~
ROT . 0 !hi L
[00196] For the choice of Arp 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 Amp, where App is
calculated at the BTS based on measurements of Io and Jo' (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 physical
control channel (HS-DPCCH). The WCDMA system may use a dedicated physical data
channel (DPDCH) format and/or an enhanced dedicated physical data channel (B-
DPDCH) format,

[00199] The disclosed herein may be applied to WCDMA systems with two different
interlace structures, e.g., 2 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 data may be sent by one or more users in at least one of an
EV-DO Release 0 format or an EV-DO Revision A format,




[00191] A. may be controlled to not go under O dB since this would
correspond to decrease the overhead subchannel power which is unlikely to
be hel pful. [00192] The gain and power control schene may include an inner
and outer wWoagpsRPQ762304, 2300 for Ep, as in FIG 23, a KW@ o2660 for A
as descri bed above, an open- | oop GC 2306 for AT2P, where ATZP is increased
whenever the PER is above a target value, and is decreased when the PER is
bel ow the target. A nmaxi mum | evel of A'&Z;f‘ is allowed, corresponding to the
| evel of the no-1C receiver. DRC-Only erhead Gain Control 100193] FIG 27
illustrates a variation of FIG 26 with DRC-only overhead gain control

2702. [[0028941 Ev8pecifire deeadingoouletsedascrhsd chaipinemay siorrespond dapane drdet er gai n
control of P 0,.ca . perf 0 i, t C I : . i bed
above. In tﬁgéo%uééél% ?@e@eég%ng‘nc}{ e“i\%gﬁ gger%térhgﬁlﬁgj ggﬁi rﬁ%t% gg‘?g (J"enrre of
FIG 23, whibb@ubd theaptapisatof aemofiulbtiey opackeedebm sheo FARAM 319 atansI2téOzhd S
performed through the ., erasure rg{?e. | n Barticul ar, if the DRC erasure
i s above a gxﬁ?rg%ﬁtgzp&?ncte A ReRbeHer I MMEY gain 2702 is increased. When

the DRG@oHSUre MRSR drSklIEhane art tbuRbRlethtant 1Rt QYBERARA B8isikndléQday e
gradually ‘decreased. WO 2006/071760 PCT/ US2005/046736 37 Control” O T2P
In A Ml ti- Seeesertedsing- @l pf Revatistk of dofae)t splmotogigseandCleghnigmesp Fer
performed o I .and 1 oy t ngd-.of.f.. the
vari ous sec{‘1 i sﬁ1 gfaé/at%gﬁ%uﬁl%ﬁdlc% e@;elaﬁt Qg%ﬂc%ie{g ’ESI%{A lsagg%tsg’hbgﬁ’. gle’)l&{q?‘lsl s
case vari oushabphioibs rfyerved dhwosglcbat ehk fabsvet Bescrpibonc magf bd heprdERiRd rmquest
to be sent to . the AT. tl a cell level, a rretclf}q?q may choose the rTini mum
reduct i on of’OHeEsS, CUSHE cleqioreanelly Teyes agyetic fiqlds ¢ sg ERtica} Geldg oy

A(cen) _ magaAR), dr aly EomBibhtRRdRGectect esi T2P1 where A(z)2, is the AT2P
required by the sectors. The AT may receive different requests from

vari oud0®88l s, adbosgl efoskilh in Hiesart aould fustherowppresidte diat shec warioye ibesbptieed. A

met hod may I2P C | e V] ' der to
ensure the MY Bl siTlcs AR ARl P e o BRI SEELR Wi RIS OC
AT2P bot h atembodielehtsatistiatd haeinihay bt replembnted @$ elvaiyodie hardware, computer

software, or combinations of both. To clearly illustrate this interchangeability of

hardware and software, various illustrative 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 depariure from
the scope of the present invention.

[00204] The various illustrative logical blocks, medules, and circuits described in
connection with the embodiments disclosed herein may be implementeéd 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 tramsistor 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, microcontroller, or state
machine. A prbcessor may also be implemented as a combination of computing

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



consi dered, including the mnimum naxi mum or nmean anong the requested

val ues. [00197] One inportant aspect is for the nobiles to use T2P" = T2P
X AT2P, where AT2P is calculated at the BTS based on measurenments of |o and
o' (and pwexndsliyi7at so know edge of lar'), and G = G edAys2uha@ie3dG i s

al so calculated at the BTS. Wth these delta-factors calculated at the
BTS, they are broadcast by each BTS to all the access termnals, who react
accordingly. [00198] The concepts di scl éed herein may be applied to a
WCDVA system which uses overhead channels such as a dedi cated physi cal
control channel (DPCCH), an enhanced dedicated physical control channel
(E- DPCCH), amicephicgiserspeedomdedieanicrgrqebspsis dalconjsnrtiionotitic i BSBelore, kiSamPCCH) .

The WCDMVA system se a dedi cated physical data channel (DPDCH) format
and/ or an enqﬁ?ﬁ’:nﬁlggﬂ%]éﬁ%%tfo_é’d physi cal data channel (E- DPDCH) format.
[ 00199] [oTdwe] di sciTasegleficnei § MBYodeorapigbiithéh dRsBRIAINS ekReBonViviith MO

different inter]lace structures, e. gL , & 2-nms _transmt time interval and
10- st r ansrbogimeats; ¢iscdosed ) heren prpy begembadind. difggtl wagie b dusadtvere  and

subtract or i Or.; ac ts
That have di TLaRaar o lrd S B focRoB R 8ty A S R Al BOREL F,
data may be mayntesidy on&AYL memerysBash inamety, |IRANE nomeorpf ERROME\m&LIRe| ease
0 format or -DO Revision A.fo L. WO 2006/ 07176Q_ PCT/ US2005/ 046736
38 [00201] SHERONSusrais oty ot ded W o Frisdatlp i 4 SRRy PEEBRRESE o an
order for deifiefistedas grediith. dachstefiomediemde cotiltbicdthd pedclsos ARy tEht ke f rom
re- denodul ati on because .the process of denpdul ating a packet fromthe

FERAM 312 t PEIFSFSSE B8y f47d nformeiondioan ead paifcisfomelionio, hestosegsanediymdbroder

i nput. [002Qgd aiE ' ' ; ' tion
and signals mayt %%ﬁe‘?’g%er%?g%% %ﬁi{%ﬁﬁﬁ%&%@%ﬁ%%@%ﬁ ﬁg!b?écg%%%?ﬂm

t echnol ogi eshestdragesiedivgumsy rdile iner ARICe Thd ASIC mas tasidetin anser teimrimainds,
information,, signals, .bit synmbol s, .and chips that nay be referenced

t hr oughout tl%ethgb 8%19‘5%%?‘?&? ‘E)Bﬁs%ﬁfldb@er ?ngesé’?ﬁdgﬁ“ Hi}a}y\f?ﬁlqeaﬁ%éi}scﬁﬁ rents,
el ect r omagnebinponasds a usagaading. fiel ds or particles, optical fields or
particles, or any_.cqonbination thereof. [00203] Those of skill in the art
woul d fI9%0fler appieedings e ringludedehereini for Jeferange mpdttovaid inolgicating eAriks,

modul es,  Ci Isedtiohs : TRAE HBABRES drb HbiShiRRSdA6 35l BEdobit SFMDEGEEAT adchibe4 Ne

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:




enbodi nents di scl osed herein may be inplenented as el ectroni c hardware,
conputer software, or conbinations of both. To clearly illustrate this

i nterchangeability of hardware and software, various illustrative
conponents, bl ocks, nodules, circuits, and steps have been descri bed above
generally in ternms of their functionaljty. Whether such functionality is

i npl emented as hardware or software depends upon the particul ar

application and design constraints inposed on the overall system Skilled
artisans may inplenent the descrilpgdhiMictionality in varying ways for
each particul ar application, but such inplenentation decisions should not
be interpreted as causing a departure from the scope of the present
invention. {0 T i ' iV i les, and
circuits de%cgi%gée}%o% %?C%gﬁglg@fdgﬁky\n%{:%&%%ng?gér‘g%cf? %ﬁ‘{%ﬁ%‘l‘égg?@g@a “Rerein may
be i nmpl enent egorgrr.%@gf ormed wth a general purpose processor, a digital
signal pr ocessorp(1 ), an application specific integrated circuit (ASIC,
a field progranmabl e gate array (FPGA) or other _ progranmmable Iogi c device,
di screte gat e GFIVINEaATPIE Of Sigad)s ansgitied faera apirahipioé accssmipomanisshe or  any
conbi nation thereof designed to performthe functions described herein. A
gener al ppSsOMpEisite pdot chanyel Hetazoveihend pravodskorandbnTié chanhe datat er nat i ve,
the processor may be any conventional processor, controller,

m crocont r ol | excpnsiructigatdeastmehifmie: pikdt pli-paasker ov@ieadl chanfeeditiphEnment ed as
a conbi nation of conputing devices, e.g., a conbination of a DSP and a

m cropr ogsfEsekannal qakdir al ity of WO 2006/ 071760 PCT/ 1JS2005/ 046736 39

m Croprocessors, one Oor nbre m croprocessors in conjunction with a DSP
core, or any ; i ! of met hod or

al gorithm desg%%ﬁ%nﬁﬁ?é%&%r?%&%& @ Ebtfh%%@d%&&b%ﬁ%{&é%% Id%tsa 385 her ei n
may be e i irectly in hardware, in a software nodul e executed by a
processo{r@ﬁgFﬁf}qﬁglad’agaol%?{en%afrf%% of the two. A software nodule may reside in
RAM nenory, flash rrem)r.P/, ROM nenory, EPROM nenory, EEPROM nmenory,
registers, hafUtgi¥ig 2 pilof ehanpelposepiat leagt anp ofthe lwelityf agesser £ or m of
storage nedium A storage nediumis coupled to the processor such that the
pr ocessoEmaYs pierdhe recersiaetcd pilotradapnehdaavedonetriatédorveetad ohdnnel dabe st or age
medium In the alternative, the storage nmediummay be integral to the

pr ocessoand rdvestproplesghc clendel datwenrs fobitBgancabel fuom MRysahpidsdgnd N an ASIC. The
ASIC may reside in a user term nal

controlling a change in a traffic-to-pilot (T2P) ratio based on measured canceled

interference.

2. The method of Claim 1, wherein the signals comprise Code Division Multiple

Access (CDMA) signals.

3. The method of Claim 1, wherein the overhead channel comprises at least one of a
Reverse Rate Indicator (RRI) channel, an auxiliary pilot channel, a Data Rate Control

(DRC) channel, a Data Source Control (DSC) channel and an Acknowledge (ACK)

channet,



In the alternative, the processor and the storage nedium may reside as

di screte conponents in a user termnal. [00206] Headi ngs are incl uded
herein for reference and to aid in locating certain | sections. These
headi ngs are not intended to limt the scope of the concepts descri bed
therein under, and these concepts mayjhave applicability in other sections
t hroughout the entire specification. [00207] The previous description of
t he di scl osed enbodi nents is provided to enable any person skilled in the
art to naket.offhesettodef pil@men tvhcrevemht ooerheddashmmes commphides aBlbasdBBe 6  t hese
enbodi ments will be readily apparent to those skilled in the art, and the
generi ¢ dglidabedl phlysisaldehirsleflaiiRl EFCOBY, aRenitRBld EidaRdPhb ﬁ&m%ﬁﬁ’@' ment s

wi t hout departing from the spirit or scope of the invehtion t he
present r ts shown
herein burFd EaCCHE Ry ARG QicaRa phislie Bl b CTRER

principles and novel features disclosed hereln [ 00208] WHAT I S CLAINED | S
40 CLAIMS 1. A nmethod for controlling transmt subchannel power for
interferenc ncel i ri sing: receiving sanples of signals
transnitte f&g hﬁa £ § %“Wl %‘e@%@gg"?f@‘?ﬂﬁcﬂﬁl@l cqrpRrises ampuelark onpr i si ng
pi l ot channel data, overhead channel data and traffic channel data;

r econst r pidatichgingh tegaehodbfigther contpeispigiretonghating thedak diaropiert hisadelc hannel
data and traffic channel data; jointly canceling the reconstructed pil ot
channel Utmtdon aviemheladtimh@nnel data and traffic channel data in the %
sanples; controlling a pilot channel power of at |east one of the plurality
of access termnals after the reconstructed pilot channel data,
reconstructed overhead channel data, and reconstructed traffic channel
data are jq nrrheym@ﬁaeg%keﬁdlﬁlrlomrih@#w%ﬂamings; and control ling a change in a

traffic-to-pil P) ratio based sured canceled interference. 2.

o e 1, D TR G S 5, o 0T 1

channel conprises at |east one of a

7. The method of Claim 1, further comprising:

controlling a rise-over-thermal (ROT) value with respect to a threshold value.

8. The method of Claim 1, wherein controlling a pilot channel power comprises:

using a closed loop pilot channel power control mechanism with an inner loop

and an outer loop.

9. The method of Claim 8, whetein the outer loop compares the measured traffic

packet error rate with a target traffic packet error rate.

10. The method of Claim 8, wherein the outer loop compares a measured erasure rate

of an overhead channel with a target erasure rate of the overhead channel.



Reverse Rate Indicator (RRI) channel, an auxiliary pilot channel, a Data
Rate Control (DRC) channel, a Data Source Control (DSC) channel and an
Acknow edge (ACK) <channel. 41 4. The nethod of Claim1l, wherein the

over head channel conprises at |east one of a dedicated physical control
channel (DPCCH), an enhanced dedi cated physical control channel (E-DPCCH),
and a hi gh-speed dedi cated physical céntrol channel (HSDPCCH). 5. The

met hod of Claim1, wherein the overhead channel conprises an auxiliary

pil ot channel, the nethod further conprising reconstructing the auxiliary
pil ot channel based on a channel estimate. 6. The nethod of Caim1,
further co 118N Gath 1 - I: ffic channel
data i s cancsl o el G QAR IS HEIR BR EONNRian R 0 BERut L)
controllgﬁgq_ﬁch%ﬁ -over-thermal (ROT) value with respect to a threshold

val ue. i Method of C aim 1, wherein controlling a pilot channel power
conprises: wusing a closed |oop pilot channel power control nmechanismwth
an inner loop and an outer loop. 9. The nethod of Claim8, wherein the
outer | oop conL)ares the nmeasured traffic packet error rate with a target
traffic paclkethemetodoiClaimild, witereintbe tretheatl cBinaiche@yprishearsénhanded out er

| oop conpares a neasured erasure rate of an overhead channel wth a target
er asur e dalictedfphitieal cumrdiehshneh@beCCH}2 11. The net hod of dai m 10,
wherein the overhead channel is a data rate control (DRC) channel. 12. The
met hod of C aim 10, wherein the overhead channel conprises an enhanced

dedi cat ed physical control channel (E-DPCCH). 13. The nethod of C aim 10,
wherein the hsaghchanm J ' I.Cayl. i r ol
channel (DP%:%\?I)E}I1 ré 14. The Qn@[k%%%él%ﬁgio?ﬁe@?ﬂmﬁ%%?ﬁorggﬁ%rs %?jleﬁil(rc;g[g(g change in
a traffig-to-pi 2P 1,0 conprises: neasuring signal power after
cancel i n%}%@alléggg{ﬂ %%%“%@fﬁéf{gi | ot, overhead and traffic data channels;
and

14. The method of Claim 1, wherein controlling a change in a traffic-to-pilot (T2P)
ratio comprises:
measuring signal power after canceling at least one of the pilot, overhead and
traffic data channels; and |
using a closed loop gain control to adapt a change in a traffic-to-pilot (T2P) ratio

based on measured signal power after cancellation.

I5. The method of Claim 14, further comprising sending a message with the adapted

change in a traffic-to-pilot (T2P) ratio to at least one access terminal periodically.

16. The method of Claim 14, wherein the change in the T2P ratio is adapted through

an acknowledgement (ACK) forward channel.




using a closed |l oop gain control to adapt a change in a traffic-to-pilot
(T2P) ratio based on neasured signal power after cancellation. 15. The

met hod of Claim 14, further conprising sending a nessage with the adapted
change in a traffic-to-pilot (T2P) ratio to at | east one access term nal
periodically. 16. The nmethod of O aimz1l4, wherein the change in the T2P
ratio is adapted through an acknomﬂeggenent (ACK) forward channel. 43 17.
The nethod of Claim1, further conprising: neasuring an effective

ri se-over -t fe M@ me(H3dbY ClaAmug finiHieh c@fiprasy@s: agi ng wi ndow whose | ength is at
| east twice as long as a power control update period. 18. The nethod of

Caimil, whergiBsig@Blah ‘éfﬂeétﬂg r%e-%'vé:roﬂ]el‘frm(mf) ‘pﬂﬂ\?\%ltﬁ Qmééﬁl\?\%wnﬁlo%l osed
Claim1l

| oop pil ot power control 19. The met hod of erein the

cl osed | gap.cA ﬁﬁlsca?f& %w%%gganvg%gaga@e,lzgﬁﬁzﬁh%podaptw@a adj usts the pil ot

power accor res of Claim19, further
conprising: increasing the threshold value when a data rate control (DRC)
erasure rate exceeds a second threshold; and decreasing the threshold

val ue when t DRC erasure rate is bel ow the second threshold. 21. The

met hod of dsaifh? methog of feHmclo Mhered) spgtrotling aditot ¢hengel @oprueamnrisgs:of conmands
froma plurality of sectors to one of the plurality of access term nals,
each request eegeakloppgiletipowsneontfolt he plurality of access terminals to
reduce a traffic-to-pilot (T2P) ratio; identifying a request anong a
plurality of requests fromfully | oaded sectors with a |owest reduction in
traffic-to-pilot (T2P) ratio. 44 22. The nethod of Caim2l, further

conpri si ng i9dend mkdod @f Ty 8| RALeH tREAbRISoop ﬁﬁwer-wﬁrmB?l?ﬂségf nGaiml;

further conprising: transnmtting a plurality of requests oma plurality

of sect .Oirnﬁertlﬁ e}?ﬂﬂﬁt é%ifl%srtﬂﬁe pﬁ+t et {1&60% g;t%%e[ﬁt%sﬁo% %199' s, each request

requesting t one ~al’| ccess ternlnals to reduce a
traffic-to-pilot (T2P) ratio;

20. The method of Claim 19, further comprising:
increasing the threshold value when a data rate control (DRC) erasure rate
exceeds a second threshold; and

decreasing the threshold value when the DRC erasure rate is below the second

threshold.

21. The method of Claim 1, further comprising:
transmitting a plurality of commands from a plurality of sectors to one of the
plurality of access terminals, each request requesting the one of the plurality of access
terminals to reduce a traffic-to-pilot (T2P) ratio;

identifying a request among a plurality of requests from fully loaded sectors with

a lowest reduction in traffic-to-pilot (T2P) ratio.




identifying a request anong a plurality of requests froma serving sector
associated with the access termnal. 24. An apparatus for controlling
transmt subchannel power for interference cancellation conprising: a
menory configured to store data sanples of signals received froma
plurality of access termnals, the sanples conprising pilot channel data,
over head channel data and traffic chignnel data; a denodul ator configured

to denodul at e overhead channel data and traffic channel data for one or

nore access termnals and to provide channel estimtes; a decoder

confi gur ed 3% THeusthed dé frdul 2dt Buthenvenmipsiithgdtamifighg Batydoaded seatasf i ¢ channel
data and determ ne 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 over head

channel datﬂ,_a‘ﬂ@imteﬂq@ﬁfoif(,‘jlﬁllﬂall”lﬂﬁ{heﬁégrﬁ)prisﬁ 2 reconstruction unit being
further configured to reconstruct pilot channel data using the channel

estimates; 45trar%m°iﬁ'ilﬂ%:agvg$ ngty%??gcﬁ%lgéﬁ fr taﬂ%@?ﬁt?o%%ct%rﬁ%@&%éﬁﬁ% ed pil ot

T
channel data, recons ted”overhead cha at a, reconstructed

traffic ¢h el. data.jointl romthe s les stored in the nmenory; a
power c PI%QIP}' ?fﬁf?es%éﬁwnﬁ‘ifr é%ﬁjf%qufﬁtﬁ?quggt@ tﬁ? PRt O@h%ﬂlﬁéa}q‘%f}ﬁ?ﬁeséf at | east
one access. termnal after the reconstructed pilot channel data,
reconstr@EP@HBB%@QH%H%“@ﬁﬁﬁﬁ@}Otggyb@“%nd reconstructed traffic channe
data are subtracted fromthe sanples stored in the nenory;, and a gain
control unit &sniifyggragqeest doeng opluglishaliegicsts frant 2 sdrfing seatorpi | ot ( T2P)
ratio based on nmeasured cancel ed interference.

associated with the access terminal.

24, An apparatus for controlling transmit subchannel power for interference
cancellation comprising:
a memory configured to store data samples of signals received from a plurality of
access terminals, the samples comprising pilot channel data, overhead channel data and

traffic channel data;

a demodulator configured to demodulate overhead channel data and traffic
channel data for one or more access terminals and to provide channel estimates;

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 énd 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;



45

a subtractor configured to subtract reconstructed pilot channel data, reconstructed
overhead channel data, and reconstructed traffic channel data jointly from the samples
stored in the memory;

a power control unit configured to control a pilot channel power of at least one
access terminal after the reconstructed pilot channel data, reconstructed overhead channel
data, and reconstructed traffic channel data are subtracted from the samples stored in the
memory; and

a gain control unit configured to control a change in a traffic-to-pilot (T2P) ratio

based on measured canceled interference.




