TRAFFI C | NTERFERENCE CANCELLATION Claimof Priority
under 35 U.S.C. 119 [0001] The present application

woleiere2q86i ority to co-assigned U. S. Provi si onBCT/US2005/047636

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

Application No. 60/638,666, entitled "TRAFFIC

| NTERFERENCE CANCELLATI ON AT THE BTS ON A CDVA REVERSE
LINK, " filed on Decenber 23, 2004, which is

i ncorporated by reference. BACKGROUND Field [0002] The

present i pYEAFHAT REIN QN‘@EIC;[ INELONL
systenms generally, iar’g“'spec c?q:y to tra

i nterference ca i cati on
systens. Backgr %ndﬂlq’gmgﬁﬁtgu\ggranﬁgﬁ?%%te?g syst em may
pr ovi @he cpresanni pflicatiorh edlaiesn phiasity b ate-essgredd th8c dyevisional

Apaliaiee o eOlaiBisbs sl crRAMRIL HSTERFERENGE caNcELLATION

A8 TR TS BRYRIGSMA REVERSIPL 00K T BEEba ﬂe@ember 23, 2004, which is

transm ssion froman access termnal to a base
srcatporated Bacdieramaeess term nal may conmuni cate with one
or nore base stations on the forward and reverse |inks
at a given nonment, dependi ng on whether the access
termnal is active and WeCRETIRO®NDCCess terminal is
in soft handoff. BRI EF DESCRI PTI ON OF DRAW NGS [ 0004]
Fiedd f eat ures, nature, and advantages of the present

appl i gation e

300 13 bBRe B Bp RGP BTG BT gL A Rlgneraty,an
KifdcEicall fo RuffRiRbSerict CNdsIRLLA s witelesd eemhiniyatidhesystems.

sane or simlar objects. [0005] FIG 1 illustrates a

Wi rel ess comruni cati on systemw th base stations and

ﬁﬁgggﬁ) ﬁrm nals. [0006] FIG 2 illustrates an exanple

0 nsmtter structure and/or process, which may be

I mpl ee pdmchuaicaton aysmﬂsmwpmvmdd cafhmihiGatidn bEt®@61 [base stations:

FIG 3 |Ilustrates an e ceiver process
APl ERESS {FTIRRAN.  FORPTEH T 3%“'{1%@? ti@ drasmigsipnefrom a base

gltangsﬁ o8 aﬁfacg«%sgiterémn 100R8]e r@ fik e 'uéinlfks 1rak e RRehiglon from an

odi ment ase station recel process or
staess tenminal 60O HhseFdtaEions Edchwtersatt@mmal gmyecrcammemaatplveth one or
%\Ner dlStI‘IthOﬂO ree u nthe sXstem
gse stations on e forwar an reverse 1 s a a given moment, depending on

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

BRIEF DESCRIPTION OF DRAWINGS

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.

FIG. 1 illustrates a wireless communication system with base stations and access
terminals.

FIG. 2 illustrates an example of transmitter structure and/or process, which may
be implemented at an access terminal of FIG. 1.

FIG. 3 illustrates an example of a receiver process and/or structure, which may
be implemented at a base station of FIG. 1.

FIG. 4 illustrates another embodiment of a base station receiver process or

structure.
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[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.

[0028] FIGs. 19A-19B show examples of an improved channel estimate based on
RAKE fingers and despreading with the data chips.

[0029] FIG. 20A illustrates a method for despreading at RAKE finger delays with

regenerated data chips.

[0030] FIG. 20B illustrates an apparatus to perform the method of FIG. 20A.
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described below may be implemented in the system 100.

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
computer. Alternatively, an access terminal may be a self-contained data device, such
as a personal digital assistant (PDA). An access terminal 106 may refer to various types
of devices, such as a wired phone, a wireless phone, a cellular phone, a lap top
computer, a wireless communication personal computer (PC) card, a PDA, an external
or internal modem, etc. An access terminal may be any device that provides data

connectivity to a user by communicating through a wireless channel or through a wired
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vate cantpel RRC)gaessagss i the basscriationddd) to infyomethe Prge station 104 of
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CoRAmgy\eEMA)ther coupled to a public sw1tched telephone network (PSTN) via a
mobile switching center (MSC), and to a packet data network via a packet data serving
node (PDSN).

The communication system 100 may use one or more communication
techniques, such as code division multiple access (CDMA), IS-95, High Rate Packet
Data (HRPD), also referred to as High Data Rate (HDR), as specified in “cdma2000
High Rate Packet Data Air Interface Specification,” TIA/EIA/IS-856, CDMA 1x
Evolution Data Optimized (EV-DO), 1xEV-DV, Wideband CDMA (WCDMA),
Universal Mobile Telecommunications System (UMTS), Time Division Synchronous
CDMA (TD-SCDMA), Orthogonal Frequency Division Multiplexing (OFDM), etc.
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A baseband-to-radio-frequency (RF) conversion unit 208 may convert baseband

signals to RF signals for transmission via an antenna 210 over a wireless
communication link to one or more base stations 104.

FIG. 3 illustrates an example of a receiver process and/or structure, which may
be implemented at a base station 104 of FIG. 1. The functions and components shown
in FIG. 3 may be implemented by software, hardware, or a combination of software and
hardware. Other functions may be added to FIG. 3 in addition to or instead of the
functions shown in FIG. 3.
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[a)

decoded user’s samples at FERAM resolution, e.g., change from chip rate to 2x chip
rate. The decoder user’s contribution to the FERAM is them removed or canceled from
the FERAM 312.

Although interference cancellation at a base station 104 is described below, the
concepts herein may be applied to an access terminal 106 or any other component of a
communication system.

Traffic Interference Cancellation
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deRbhing B PfsmBdsE dverheslafd NirdTHD GCHifke tBABE B de€rmining the

chips for a given signal, the reconstruction unit 400
traysmitied chips &1 rgi v signid thorrconshuctionuaib4Qaay ERave@nstruct the

bhase n n . 0 i of a data

68‘&%5}1@?1} %2@? ﬁgkég{ﬂ gY\is §€S%§ é’n%ﬁg%lal)??%&élgc}%e peat ed and

pr oce B df b lataackes Gmhe thedfh souffe 0D @daseie répehteddlidgirocessed by
nodul ator. 206 into a plurality of correspondin

thaensada 03 infegleayer 204 Andior mypdulater 706 ipioe Eltlﬁ’ﬂi%bﬁf cagresponding
L. i. ive i . .

e S e 10 % EE L8R 01, Hing o st 104 sceives
Gt dgrnl-sorhbiseraiot sigmidl othedirstanbpaekett they basteinstffidian information

104 to decode and derive t original, data packet. . For
i Pase ot Dpiacieerds msfarie ‘e PasieaL fate Dot gt ample, o
repe LRt f t rs
VRSP M P05 e 0 s RUORAKR, B SRt o
stigtackets. 104e useh ¢erbasa 196 atndsra Bt subpgckettetha base station 104. The
Iiagéeatstla‘}{grll y10'4 Or\lllva rh%\b/éa baI lrélgt}/ve%; 10w rprrgl%bliytydgfc ggrlrenc%yaggzoding and

deriving the original data packet from the first received subpacket. But as the base

station 104 receives the second, third and fourth subpackets and combines information
derived from each received subpacket, the probability of decoding and deriving the
original data packet increases. As soon as the base station 104 correctly decodes the
original packet (e.g., using a cyclic redundancy check (CRC) or other error detection
techniques), the base station 104 sends an acknowledgement signal to the user terminal
106 to stop sending subpackets. The user terminal 106 may then send a first subpacket

of a new packet.



deriving the original data packet fromthe first
recei ved subpacket. But as the base station 104

woeswiwsset he second, third and fourth subpackeCs/uanms/047636

[0061]

[0062]

[0063]

[0064]

conmbi nes information derived from each received

subpacket, the probability ofgdecoding and deri ving

the original data packet increases. As soon as the

base ghaténikelitk 6PDEREVX &apeges-ARe) priimalvheacdeh 16-slot
(e.g., using a cyclic redundancy check (CRC) or other

paaket isdetlentintort subphrkietsiaad franshited 4s an siterldcod strgure with 8 slots

ends_an_ackno dgenen ignal to the er .termnal .
R oo LR L ot By e Eorehrofie ol Pyl B teminats
8¢ nia @R gmemeir &ahdrhisdiond G aitkednt @lot BomelNripg ke thdréofelihe 4-slot
The reverse |ink of DO RevA enpl oys H ARQ (FI G 7’}2,
shpackesaoff difersnbtuspracievei ¥ theolﬁﬁ pyynehraneushpackle sffects of

and transm tied j.n. At e t . W .
apoebroB R A efibicBRartboet ERERSE AR eboiders for H-ARQ
bd Cha Aoredesaiibddesedsv. user s/ access term nals 106 may
begin their transm ssions on different_slot . . .
bound&h @gins frun iereratcccanqelaiion) dspend, op dhqc@idsr gt which signals
f ;&-{1&'@6 H3& thePFERURI 2412 hel"é%ﬂ@ﬁﬂésy '&Fé“ﬁ%@f&yéd Yierel]'Gelated to
effects of asynchroni smand an efficient design of
dedodlirfee (2t cabeavting | if @R® passegaisersr isaséd on traffiRXcapitbt (DRR) ratios,
are described belaow. [0062]. Th ains fro ) .
FHedPrERe 8T B el fidsROtiRge NaTlohs FPREDSS e ffclgpichprem for
?é-%?ﬁoﬁtir%r 1]‘1;316 rd%fﬁgﬁﬁlg’ii(f)ﬂ o B8R dERM3haftel @EHUM AMRSHeRh Gemoved
di scl ose e

rein related to decodi ng (and subtracting
iffonCRE PERANG 3 1Uus &ntsrforasedcancellatimhf fram tthe BISOFERANMPE12 may be

rati.os, .effective SINR robabi | it decodi ng,

elidSty Sttt tor FyREAoha ¢RPla S58H Weh o5 BV-DO

RRvAL W B s thasHanPiitt aki) @nforeipagisNnd trabiefnals using

aftef others have been rendved from the FERAM 312.

Hybeids AR Qn cBhis discloburamiaynalse epply tie EAFTBVFREARM 3i-£DMA EUL, and

bg e&@' ciently inplenmented to account for asynchronous
stens, such as EV-DO RevA, where users transmt

pi | ot TeifGaaliSterférenidd Mdansélfiohs (TR thayafbd CdeFingdaks subtractive

using Hybrid-ARQ This disclosure may al so apply to
Enertirems capcellatiomihichisemoxesithe aﬁaﬁzb@%qn ofoeser’s #ataste the FERAM
. . b fi -
SR L0 SReE MR kAR DB CT RN Sl 48 el pobiems

tabcieodt with TIC oh ®Rtuad ODMA systbaisasuich ak IGDNMBRON0,3FV-DO, EV-DV,
after that user has decoded correctly (IFI G 4).

ne
&nd eDEA atq addresprddisreins Mawfithese grollems ate eawg%y the fact that
36 gt o s BB P MAERE ORGP, P Rl Cna2000
antentbamalie dplendd twer flatatfraniestuni foahlysipstireerto p@ventexeess delay in the

%3%/131%{1{ Sgt\yvoﬁ(r.] dReWA? E){" EVﬁSQ& Rlezalof) o%\f,’ang% 8? QVCDMA also use

Hybrid ARQ which introduces more than one poésible data length.

Multi-user detection is the main category of algorithms under which TIC falls,
and refers to any algorithm which attempts to improve performance by allowing the
detection of two different users to interact. A TIC method may involve a hybrid of
successive interference cancellation (also called sequential interference cancellation or
SIC) and parallel interference cancellation. “Successive interference cancellation”
refers to any algorithm which decodes users sequentially and uses the data of previously

decoded users to improve performance. “Parallel interference cancellation™ refers



intentionally spreads user data frames uniformy in
time to prevent excess delay in the backhaul network.

weews/otosEV- DO 5 Rel D of EV-DV, and EUL of WCBPHMIVUsRb®6/047636

[0065]

[0066]

[0067]

[0068]

[0069]

use Hybrid ARQ which introduces nore than one possible
data length. [0064] Mul ti-usef detection is the main
cat egory of algorithns under which TIC falls, and
gf oldec aéegfatl th&'GAnf ikl aRd bk and A1 a&a%a@dfﬁsers at the same
per rmance %/ ow ng the detection of two different
tisers to interact. A TIC nethod may involve a hybrid

of su ssive interf ence C ation | s Il ed ..
Sequents aiey o bk el TGh EAPRTRG faBferefi iR 'OFe cifforence
BakRbh &lC Mepie r@m@g tﬁ@l‘ﬁﬁﬁérh%d Qfilot "sipHEL BSRhdten lgerfectly by the
interference cancellation" refers to any algorit

weebier ieebusse. (BeraforseBliemay srblyach tep nlé@szonhﬂouaan &0 8te received

reV|ousI deco sers.t e

SlaRALT SIREERPED o Hab G Aol O B g RS gt g fansmitter
'dﬁ‘d?ﬂﬁl 1ReeivEahrat clobély 9anBe triffie chafnd Wibhge fherﬂl-ﬁﬁid) mechanism.
decoded users at the sane tinme. [0065] TIC may be

dibe reqedver dopmRoipknayy thenrasmitiehdata segiicars watilohugepligpuccessiully

Lfference between TIC and PIC is that the
transmtted pilot signal is known perfectly by the
recei Banilary, dts alesieableTtvereione eyeredd cimyinels filohattic fidhe-end RAM,

o
—1

pilot contribution to the ecelved nal usin
b antselnigig caftadeaverhead SEISRIETORRP GANGS 1@&@? $REe)- | gDVleﬂ%ﬁad channels

il bEARILIEntaR BRS 1OS88bS1) PUEEAEL] S AABLRY nd s
deteenined by desodig aridrthen telﬁmﬁmg\ﬁsmvbﬂmaﬂ o@bsagesequence

until a user is uccessf e 00

S 1 ShegrRsive e THERR Gtallatof FERI S v aldbahadsa he bain rule

ot Qb irlfbRRdticAN ghmha't n uﬁdetr efdea G&ﬂlﬁf(ﬁisl %QC&%%J‘ eR€rference

interference cancellation (O C). Overhead channels

camerﬂatlcme maymediddveuthd Icapasdy BTS a1 ovltkpdeovascessechannel.  The main
over, dat a nd th s det ned,

GRS i HR R Al e e S Brarint SHE R 058 P thannel may

ﬂa@@&ﬁhat&ywﬁiﬁgﬁgbler&ﬁﬁ erence cancell ation defines a

cl ass of metho The chain rule of nutual information

shows FlGa? illustratss aiggacipl exemple poprywersligabuinngd three users (user 1,
interference I
usere{ user %hggggl%c%gﬁkeq%sﬂﬁ%ﬁﬁn% %Xxgléllﬁgg?s%g Eﬁaxiaésy fl‘gl‘gl all users

taky ﬁcﬁﬁ@i 4ththé sdhd tinh8); aAd 8ich UstbisBraaymitlin@aals sanedeaedie. Each
user's channel may be estimated with negligible error.

[uggeg]mqh[uQedgomsp \Gspariguday tﬁal’é@ﬁel?%’yereﬁ -SnpisE %ﬁraps;w& at a power

\Agg‘sttdﬂtlgﬂ% gﬁ‘al % ntolryé'eﬁseiJ ?%Eaisﬂﬁﬁ‘ Gf a I:k)o B §lbs tlﬂfs%cggﬁ to user 3’s
eret sers tranhsm franes sy ronous

foower pluk noseradaser I eamsmitscht atpotsee suistantibilyrequal tonaker 2 plus user

each user is transmtting at the sane data rate. Each
3 plus noise.

The receiver process signals from the users in decreasing order by transmit
power. Starting with k =1 (user 1 with highest power), the receiver attempts to decode
for user 1. If decoding is successful, then user 1°s.contribution to the received signal is
formed and subtracted based on his channel estimate. This may be called frame
synchronous sequential interference cancellation. The receiver continues until decoding
has been attempted for all users. Each user has the same SINR after interference

cancellation of the previously decoded users’ successive interference cancellation.



user is instructed to use a particular transmt power,
e.g., user 3 transmts at a power substantially equa
wOQorsm738 user 2 transmts at a power substanPCaiusg005/047636

equal to user 3's power plus_poise; and user 1
transmts at a power subst ant ally equal to user 2
pl us user 3 plus noise. [0069] The receiver process

[0o70] S 9nathlﬁ‘oﬁm%ély,hﬁﬁy%ﬁ;ﬂ@a&lﬂn&@ddeea&iyr@nsiﬁde Ito igcddimgsmots. If a
power. Starting with k = 1 (user

1 with highest .
soeghe djrge trivaver auser, vasich aast BSeptls qass ok clsgod, POy, ghe signal-to-

decodi ng J s _succ f t ] f '
SRR PLB T L D, g ey S St
s neRaneaint @Btisemt ter Thit poiryfrdre deeddingl Amather drawback of this

synchronous sequential interference cancellatiqgn. The hich
apprasich &y thelghteariesuSeRy o ey BUHPHET 150V R BRK O3 &W%eaven whie
far u - %ﬁﬁl{i‘% 4sghelas the same SINR after
]FﬁygrlgFgﬁgééé%nce atlo% ‘of the previously decoded
PaaiSAsicheasismvund htaerféieneaCen ioh| &g cdm20000]

Candug & U
Unfortunately, this approach nay be very sensitjve t
0071) Gecodvwgoss fah user framy Qsely ae Py naliysheRgst Wil Eppegyto cach
is HARR RObHHGTREDpEALbE GRS ¥ nufBer of benefits to the system as a

Sl gnha -§0| nterference- plus-noise ratio (SINR) of all
whbleo\iion gxamples prowyssing pewerandynetaerkepadwidth ak thegrgceiver would

reyent all users after that poin decodi :
R BBk ok Pl S8knis LS R50 ironiom amons
HRR RoqhRed 2 bRrR ¥ tpr6deksdihg polve ad® npiouek sesdtirdehiat the end of each
receiver, which is difficult to ensure in fading .
frtvan hohsdaryFisinee allsyseenonidsfinish @ nacke #tdpe seme time. With frame
Cancel [.atiqn. . 0 :bat Iy
PYAREOBEY s gl?es Bg‘ﬁeg(i)%%ga &?‘?‘%ﬁg I[ﬂ)ge é%%g‘gg? @%S \%mar%l ragig%gcttlme first

b:Bhe? AGh tRE ek withiths ldrgatpowaynchr onous operation has a
nunber of benefits to the syste

as a V\gﬁ.l e. .Fo{) . &
[0072] exanpFiG- prdeuSsHhEXpaRls Ok UHERHb MRS ARRRN dttFonton fy frame
recej ver V . £
L SEED oy I e MG Y Gl BB BL 8 M1EE 8RRt ko o o
eRULSes righbbefete impriosfasei his pdwetecadad. riinewmfrime 0 has already

ot e e of e ¥ St bt LA Al o
fcfo%%ﬁ%c%%& gﬁJ}_;F-SO Bi 58 3I)F g g@ﬂ—e?al,l Ats ABYrof@r fRdacds e UfiRfference by a
Wt e ear rival

lest a time first rather than the

isceor ofi2t Hdlhef theinjefereneies begroenRved b TIG befasadeending Frame 1
exanple of a uniformtine-offset distribution for
of Hser 1asynchr onous TIC for users with equal transmt

[0073] POVer %%&e@erﬂﬁdﬂiﬁ%ﬁt, PheSHRASANIR 6 May réfer togloaps of users, e.g.,
right before frane 1 of user 1 is to be decoded. Since
fusargrod hasersgroemyuspegmuplécoded and cancel ed for all
users,, jts.contriuti.on tq-.t .ot e by

100741 ¢ s HubERERo YRRy S 5ol i CURRGR i} o SHAND symmetry
PRRTRAGRRaHUeRSs bhpowst BivERrdcErd)statistics if they want similar data

rates. In general sequential interference cancellation with equal user data rates, the last

user is received with very low power and is also quite dependent of the successful

decoding of all prior users.

Asynchronism, Hybrid ARQ and Interlacing, e.g. EV-DO RevA
[0075] FIG. 7 illustrates an interlacing structure (e.g., in 1XEV-DO RevA) used for RL

data packets and a FL. ARQ channel. Each interlace (interlace 1, interlace 2, interlace 3)

comprises a set of time-staggered segments. In this example, each segment is four time



factor of 2. Half of the interference has been renopved
by TIC before decoding Frame 1 of User 1. [0073] hi

wanaoishezosenbodi ment, the users in FIG 6 may reCEUSRMS/047636

[0076]

[0077]

[0078]

[0079]

groups of users, e.g., user group 1, user group 2,
user group 3. [0074] A benefi tlof asynchronlsn1and
interference cancellation is the relative symetry

REKYREB, n% dabh E&nEht,Of ude W@ minA WelyStrARhite] sifbpacket to the base
statistics it they want simlar data rates, hi general

statioenilhete armﬂleeefleieela@é, auheaeh S%nilfmﬁ la/ﬁouhtu@q gkots lengr Thus, there
h ve

SR Sy st et 1B enb o bR bt & BB dpffflace and e

@egmdin@g)fqﬁe abdt sﬁbpdéketuﬁ’ethé sarhé YrﬁéﬂTdc@nl’l?rﬁ@ gty ehchgARhe for the
and_Interlacin EV-DO RevA [0075] FIG 7

reqeier rtat®§0%m %len sléqpadtqt regdstetayc a ACK eorgnegative jeglmevesigement

@Qﬁﬁ@) dtIr dat a packets and a FL ARQ channel .
i'nterlace (interlace 1, interlace 2, interlace 3)

conpr |I-S}¢>$1daARQtta1€B‘s ddvamtagd efige rtizgk-sagigniature BIf fidihg channels. If

exanpl e, each, segnent is four tineslots |ong. Dur

rhapaglhgomditiogs ageegoqdefomﬂaﬁaﬁrsﬁdy%qr Ansibppckstss Jﬁ:ﬁathﬁ data frame
o 5E 0BG S8 Ay (FRETSEDAICRb P e IBE ARG BIACK to the

segnent tlrre S ots 10on ere
eraghmtter n&hs IAGIS ntsaum eh]a trivesneitiet 1wt ta sendbthacbbindiy subpacket(s),

nterl ace an nni ng of the next
ﬁ‘gtaié‘f Sigit APRW R, g‘}lace Thi s gi ves enough
tRéEEivEPArEKi?echﬁ%@ fdﬁhtéﬁen‘éﬁ@@éﬁnééiﬁtlﬁﬂ bpacket and

feray an ACK Of Negarl Ve acknow edgement (NAK) to the
t r ansiith giC, the@#6]ofldeboded VIRQ it MBstant@rmldgiabtnact@d@IG 4) so

_-Tsagxi Iq'%y g'grtagxg% of elrﬁeégrgp (;[E?a Iaita qiaf;fo%etdh &se%sh gguses to other
slu&@ AQKBIG reckvembl ®e @qﬁi@péd M thRYcirlaf RleRRls:U e MERAM 312
only those subpackets, and the receiver sends an ACK

1end thecBERANEPG-t er . The ACK instructs the transmitter

not t |n|n ut.rather _to
start %a%?}?v{%et Th léeggli"%‘igﬁgﬁsgée( ot 2nF ShiPt %“? B‘P‘gés common
fi@ralll wesy. f & BOCTFICIBERVdravoWld drdP Géd aVFERANL Gf abb@ 1-2 slots (to
data of ~decoded users is_reconstructed and subtracted

@rsammagate delapie HBTIE demodiggtions pEpgess) lwace moepybiiagtiere of traffic or
Wendat ﬁlt&ffergrgce &5 ace SII?@ retcglvglI %r E’irseé'rﬁ mﬁi H ERQ the

receil ver ped Wt V\D circ

HER AARANY iﬂﬁn anghyt hﬂetsBE&NVHG 1sdots,| EXH/ &] ﬁﬁMed: BSIR)A'MCS gi.‘&ough the
stores, regeived sanples ( , at 2 x ¢ rate) an
Subleashinp @\ serkrencs ok decodsd naers T frmiathcs confuralin SWiptigmy then ERAM 312

WS 1vERNEN R thARPMEs 1dss2hsh QUSI1 bhdket, such as a length that spans a time
period from a beginning of a subpacket of a packet to an end of a subsequent subpacket
of the packet.

The BERAM 316 stores demodulated symbols of the received bits as generated
by the demodulator’s rake receiver 314. Each user may have a different BERAM, since
the demodulated symbols are obtained by despreading with the user-specific PN
sequence, and combining across RAKE fingers. Both a TIC and non-TIC receiver may
use a BERAM 316. The BERAM 316 in TIC is used to store demodulated symbols of
previous subpackets that are no longer stored in a FERAM 312 when the FERAM 312
does not span all subpackets. The BERAM 316 may be updated either whenever an
attempt to decode takes place or whenever a slot exists from the FERAM 312.



accommodat e del ays in the denodul ati on process) since
no subtraction of traffic or overhead i nterference
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[0081]

[0082]

[0083]

[0084]

the FERAM may span nmany slots, e.g., 40 slots, and is
updated by TIC through the sulraction of interference
of decoded users. I n another configuration, the FERAM

ﬁf&g&{ﬁ;}fop%‘aoﬁnéﬁpﬁg@?&meﬁgﬁps | ess than a full

Spans a tinme period from
a begThaisizg «ff tha BERANCREG aod FERYSMK312 noyabe ematenfaceprding to

e e B RO GF L ey BPSSBE TNy BER o G GL, fom the

ARnRkRd ﬁﬂm@}ﬁr&:@%ogﬁ AR AdQferforhak® JfeReiyéRin. SthdenEal; IB>y using
user may have a different BERAM since the denp ul at ed

syhm@m@vbbwﬂwe@nbﬁts@fsﬂﬂem he lipgited, sinee the oldest subpacket

i B SRRy, S TR 0 Ot e
m&@dﬁkﬁmngﬂﬁb%%ﬂé #olba Iofwvef tréndfer Baaawidie. st or e

denodul at ed syrrbol s of previous subpackets that are no

| ongeWith BreeBeVA lﬁeﬂmw 319-slph dAckeh éfomeRapagiits,(eael subpacket
g Sﬁ‘i %@%r?h slo‘clf Q}P&ﬁ& ?éa% 40T§1§ts B &%6a TBY1d? %Eﬁgﬁ\ﬁtrﬁgy be used
eneve an a eco e takes place or

whanreaemavallodt veed fidis aflraﬂb?ctemeloﬁERAM 312. Met hods for
Choosi ng the FERAM Len th [0080] The size of the1 RAM
Hg psint packet for

316 aRH>-rERARIraea ARyl EERA &2 4aat spas i oameplear
gwage g&{q& RPAMEES 4 RO sk ARl ag wes g if E@é}éét@i for that
from the menori processor , del ays
pankepamﬁg ratitethe eavaflatild eubgaskc&smtored geﬂ'erEIERAM/ 302 rfj dacoding is
hort er 312 . hebe fit f.TIC . be |in
Svedes il thep) e 6o o R fhahPAgkeh it C%’émfﬁ s e BRREN 312 by
Pélj:rqgétrd%ﬁqg and s@&%ﬁﬁg tHefeBAMbadien ¥E &l ‘é§m§oﬁe§1@| chets 1,2, 3, or

n er of “denbpdul ations, subtractions and | ower
4).aFef BO-BRanAERAM [eogBs pf W 16, 28 @r Révslots mceﬂd amnnlg; 2,3, 0r4

kS e SRR B3GR b rectvr may

Ebfé'n@foﬁrc%mp?eﬂ@’c%hﬂaerﬁﬁ%MhWe@ﬁ) PPt Vi RRWE rrival times, and
renoval of user fromall affected slots. [0082] FIG

e ¢apab1ﬂ1t5apése -doing thy demedriptignzan decadingndrtsery on previous frame
| ete 16-sl ot packet for EV-DO RevA. \Wenever a new

%’Z‘icket is received, decoding is attenpted for that

packeFI@s OAgilfisirateier gatridlafbihod WIPAIK &bs aft @(raﬁqi)lé of sequential

the FERAM 312. If decodi ng |s successful, then_t

dserferenae qapeelistion KSIC) yethceq delgyedsdreariag. Othen ftnhélmmm will be

g%&g%¥d haGR Sfﬂe%é{:j%% (sat%ﬁ e%tzéj%i%t? @fzi)tck g‘b’@o tg%l& RE&Q%:({)SrtB YidhBBse delay

conponent ,
BlockRO0A EIEBKM the ohiddss delfay Hlock®02 2Ray loe oridted! dn block 908, the BTS

184a rclholoses2 one user (or%. group of users) among those users that terminate a subpacket
in the current slot.

In block 904, demodulator 304 demodulates samples of the chosen user’s
subpackets for some or all time segments stored in the FERAM 312 according to the
user’s spreading and scrambling sequence, as well as to its constellation size. In block
906, the decoder 308 attempts to decode the user packet using the previously

demodulated symbols stored in BERAM 316 and the demodulated FERAM samples.



subpackets, respectively. The |l ength of the FERAM
i npl emented at the receiver may depend on conplexity

woanwicdznsat i ons, the need to support vari ous UBET/US2005/047636
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

arrival tinmes, and the capability of re-doing the

denodul ati on and decodi ng of l&ers on previous frane

of fsets. [0083] FIG 9A illustrates a general nethod

of Tl fn bRIckad (4B RIeBo®r FRIBERhbHBEr Uik AhhP®RREMine whether the
cancellation (8IC) wth no del ayed decodi ng. O her

estn@)is @aeket svaaishitcdssfullp sleeadeddi-dacpasves apherrqr digels ssuch as using a
stzfrts at. a st rt( ﬁbgck 900 and proceeds to a choose
figrehRgeeYd99e (¢hCSi c, the choose del ay bl ock 902

ey DE Reusdr hekdt Taildl 10 decAR3a NATE id%Eht BAK 16 HBOSRSssABANinal 106
user (or ad%roup of users) anong those users that

. g
ieblock £18. df sh pegrknacketnis caaedtli degeded;| asy AGKogeemnt e the access

| ock e t or 4 ol .
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P secTespanse gnd ithe trapspifeseine didisrs. BleckRl4ebiragigghe contribution
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ybtchede teddedit ed FERAM sanpl es. [0085] In bl ock 910, the

decoder 308 or . another unit, det.er mi_ne whet her the

user (po8 %ﬁgt SHFCEB BB A5POdigo diFurecrives moves fo the next
: ' s b

s R

neerg ecmte slotisNAseried isterthe FERAM 3 12 hied dloc e e perogssialrepeated on

06 in plock 918. If.the. e : ly .
Bzt o semeles o poitg e e EERAN AR 5641 s - the 2%
Eiu?qgte%%:pféﬁﬁlk?:yme%ﬁt%neiﬁ‘éeel‘}%ﬁlﬁbj ation (1Q) is

erformed in blocks 912- 914. Bl ock 912 regenerates
t he u¥Hs. §Bgillustraies endippgratus edeprifieg desdns (PAH46 tohperform the

channel . l,serespon .1 tgansm.t/.recei .
v FIEP e BB Ra 08 it RE0 SRRt Pt ied p hardware,
WS fewrark 0P BicbMBinalHAM Rekdwalehia so@latel Ng its

interference on users that have not yet been decoded.

[ 0087] Upon both failure and success in the decoding,

eethr&c i gﬂl eaSDE%dE pgg user to be decoded in
ﬁutpﬁ%ﬁ{ﬂeenﬁan—a%m decode has been

per f OB 008 adicaGLTIC nlaynBsvapplidd eisher nsequdngidlly nd @ach user or
the FERAM 312 and the entire process i.s repeated on )

Priallplip Eransof USkp NS STORRS BBV TR B impleaneniaiiopermplexity may
:éé&?rs\#sl@tb{h{éﬁlle ib%héefgsé PJ§/ T%Z‘Amgk :agcrgfi% 6@%@%@&5&%&@ hEFesBRYed below.
i |1 ustThatcesern acqopding tto swidolsersi arg gregred A@0rodidered may vary

f th . .
Fech?cror 1;1§r;n to ‘ﬁle rate of channel variation, the type of traffic and the available

processing power. Good decoding orders may include first decoding users who are
most useful to remove and who are most likely to decode. The criteria for achieving the
largest gains from TIC may include:

A. Payload Size and T2P: The BTS 104 may group or order users according to
the payload size, and decode in order starting from those with highest transmit power,
i.e., highest T2P to those with lowest T2P. Decoding and removing high T2P users
from the FERAM 312 has the greatest benefit since they cause the most interference to

other users.



met hod of FIG 9A. The neans 930-946 in FIG 9B may be
i npl emented in hardware, software or a conbi nation of

woaomwazose and software. Methods for Choosi ng arOE@SI08447636

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

Order [0089] Block 903 indi cat es TIC may be applied

ei ther sequentially to each er or parallel to groups

of users. As groups grow |arger, the inplenentation

80 Ml X KINR T e BIF e@Emab Wecddeansbeneitl highaf SINRCbafbye users with

ecrease unless TIC is iterated as, descri beg beflec?vv. .
1poeoBINRr kiace pserewith highes .SHNR@aY%aif&dhehpwgabl typldecoding. Also,
rouped .and/ f C |
BRSPS Bt L Ay Afial o Sk
idViaid wleyiag Miroagant dg pokey andsmeh dauvaeniSIdRdmAY brwpmputed in

include first decodi.ng users who are nost useful to
qrderdo delsHEING/B 2BPOPHBS IS8 y to decode. The criteria

for hireyij.n | as RY théte! fef®hich
[ 500G ARHE DI B s RGfRY dERUE S0l Balicks (T8, e EBhich more

@bpakesrhavs desn seeivediah ghe BTSH&4) hgfovamtineyieré paekets. This choice

decods dn order, kst L 08 198056 MhbNNLANES! coy. papcets are
%é%&r\%%‘#ﬁ@&i% ERMONHER chlaDsubpadketiser s fromthe

as the greatest benefit since they cause

Me¢hodsdor ReiAttépptimg BDeceding her users. [ 0092] B. SINR

The 104 may decode users.w th.hi S . r:

users E-V%ep%ver 5\)%‘?‘7 léPRﬁe%thn & Oﬁe\él,gé Fs H\}r}f%%% ‘feg#glﬁl @E@S Fﬁg subtracted
H‘a’ltYl%@ FRROONE 1I|2,r DR Bidrddsihgahe poreatiil g coAbaly, ddageding all users that
W

h simlar SINR may be grouped togﬁther, hi case_of
§tmckt sgmeheloinel &, ist AéVagtagroyss tq jrppeal Aps iaHgmph to figRedn users that

t he. pac and_ s0 | Y, TRUE :
T N A e P
Ehooké @Blay HM6CKBIR ddctsrete slor uerchobdiar thepmsBetsed @8 reference for
those for which nore subpackets have ,ﬁee recei v%d ?t .
derodimRSanh Y. baherdhooseWes® Hiadky 303 Wikt felect fsFiethat ferminate 2
refl e t f : .
RAERFEH Iy W0 LR 00 " The eyl o RS o be s on e
garedes vpiidhseach i ncrenental subpacket. Methods for

o e Gt i i o e eSS o BE by ot once
gﬂ ?gér?ﬁ%fec%e%ﬁ g{g%@;%d FERANb@he; ardHS néAGIo? #4vagdablBen the FERAM

otentli ectly decoding all users that share )
SoPEsthist case, lebcli sseaibvatetmpyiiodetdscodsd e perepragasegelot, and this

to decode users that previously fajled, since the
Wg’r?"é’feél?ﬂf‘él tp ﬁ‘é‘i?e?é@plﬂ%%eﬁ%‘éx?ﬂcggﬁbo&' significantly.
The chOqgeAg! (ﬁ%oéﬁh% GltePPt BCARGHS ubdie ntdroithdiC bfideepdr processed

or in the past) used as reference for |
slot. The second and subsequent decoding iteration will benefit from the canceled

(@&

interference of decoded users on previous iterations. Iterative decoding yields gains
when multiple users are decoded in parallel without intervening IC. With pure iterative
decoding on the current slot, the choose delay block 902 would simply select the same
slot (i.e., delay) multiple times.

C. Backward decoding: The receiver demodulates subpackets and attempts to
decode a packet based on demodulating all available subpackets in the FERAM
corresponding to that packet. After attempting to decode packets with a subpacket that
terminates in the current time slot (i.e., users on the current frame offset), the receiver

may attempt to decode packets that failed decoding in the previous slot (i.e., users on



decodi ng and 1 C. The choose users bl ock 903 wi |
sel ect users that term nate a subpacket in the slot of
woOhesohizsen del ay. The choi ce of delay nmay be Pasas208047636

the follow ng options: [0095] A. Current decoding

i ndi cates a choice of noving Yo the next (future) slot

once all users have been attenpted for decodi ng, and
r@ﬁéﬁs ﬁjafﬁ(e dfﬁe VahlAR e 'g@rtfa Svérkp yhBhrbAh users, the

eac ser attenpte to be decod once per
mmm;ed sntebrfsientc oﬁmﬂnpad:km thettedmiate msthe rn:dmem slot will improve the

nt er f | at
PR AL aUBe PTG ER LY 0% 8RB Ry hS BPetedieeqing hack more
QB&E TR mBLiRGRS SRAySIOthe foiRatie GAKNCAGRINAKDERHWERSon may limit

decoding iteration"will benefit fromthe cancel ed
barkaafddeaodmgof decoded users on previous iterations.

oo L 30 Y50 LA BBpL Bt By i

BibpAckdtehat ﬂeiirﬁmd%(iﬁ the @t §16§ tlﬁli’éééﬁﬁr ndeOeﬂso attegnpt to decode the
choose del ay bl ock 902 would sinply select the sane

tatest ugers defore) ehedry fullngubpagkieb i Wﬁ€§n 1yto dloey FERAMS, diogegxample, the
n eirver t
a%%{%%gf {:gulg Igtgmg?‘fedéc%dg C%EE? da#ggtg dﬁ?f tﬁglg glarrgolgﬁl o;fttﬁg qateﬁt subpacket
ﬁmﬁeahlr@embpackets in the FERAM correspondi ng to
that acket After attenpting to decode packets with a
LR OEY O] gatmg the BERAM | t he current time slot
(i. u t o of t
[0099] recei veré%&ylg{q e@nﬁ %égélgg%o%a{e&ggc%et 21%{;(%] e? P gsleldeglomy on the
demodiilagdi synitiuds [stored onsthel BERAM £ .and uther BEERAM eis used only to

reviqus fra of f set to the rt er

D oReaS e e e ok recetf e SsepvBl. | Wit G BveBERAM 312 s
Stilp e@éeks%tdanﬁeae&erttﬁé Qi Catiehptd &H{oﬂﬁme asha:v u¥dr! However, with
I mprove the chances of decoding past subpackets. The

FIGc ¢ss FE&AMs 31t2ersawpdatbe}f aftsir ng st kis nmreecslyod@odadwebased on
maX| mdel for\/\ﬁd_ld]tllnk ACK/NAKtraE)s SN lexit

1Pgb 8odPhJhat] 359 EPEYHGR 5" complexity
@!Sﬁs‘i’&@ri‘&ns Al iy ﬁbad/dsﬁ%létté 6H3Ys6 ¢hd PERABO HEffe 1len GK Bk Sess than

W th sg@ﬁpacketsthat termnate in the current ot, .
theespaa v peckehye.gl 40 dots amprequired de sian @hko- $lat pagket in EV-DO

i/l Rﬁf 3t es)](tt?rgﬁlc—:rw1f1¢tJ ] info %@WM 3 V\{he%‘ix?o'ﬁl(i 8\%6%& the oldest

e recerver COU

danpide it 8RS Grcafdk ®uffér. Thetdfge) asneay sloss 0t réd&ﬁreﬂ&h@ SIdest slots are
subpacket have been recej ved. Methods for Updati t he
BEFeWIticood the decaderiBwidl use SERAM J for hesk e{dsslatiSe Tt Should be

ggfe@ﬁg&ﬁ%m }g&d&l‘t %gﬁ%@ﬁ Qemms aleef@ﬁ%%w 8l 5 it ¥EedAM 316

I'S used
may be used to store the demodulator’s latest demodulated symbols (determined from

the FERAM 312) for that subpacket as an intermediate step in the interleaving and
decoding process. There are two main options for the update of the BERAM 316:

[00100] A. User-based update: The BERAM 316 for a user is updated only in
conjunction with a decoding attempted for that user. In this case, the update of the older
FERAM slots might not benefit the BERAM 316 for a given user if that user is not
decoded at an opportune time (i.e., the updated FERAM slots might slide out of the
FERAM 312 before that user is attempted to be decoded). '

[00101] B. Slot-based update: In order to fully exploit the benefits of TIC, the BERAM
316 for all affected users may be updated whenever a slot exits FERAM 312. In this



denodul ate users fromthe nost recent tinme segnents.

Wth TIC, the FERAM 312 is still accessed whenever the
woeewiwEiscatt enpt s to denodul ate a new user. HPGESL005/047636

with TIC, the FERAM 312 is u gated after a user is

correctly decoded based on rg onstructing and

subtracting out that user's contribution. Due to

Ao mhesditant oI BERIAMAS 1 ®is]udies alivlye hierfrsioeabeadtion done on the

choose the FERAM buffer length to be |l ess than the

125 packet (e.g., 40 slots are required to span

Iﬁe_t#%d? kst C%ﬁg P%%% ende ﬁ@%@ubﬁk&@"l’hﬁk Al-Pive 'flﬁle to a Missed
gy Woul d OVer wr|

.mCKHB&uHhmmles in the circular buffer. Therefore as
ots received the o

new S l.ots, are . .

1001021 gy o dpikeReA SUSTREEEASS0R T I ERCHEk Aty i e ecoding
JrH&3E Whigh $¢ Eﬁﬁcuﬂaﬁ sbrevard Wtnn@ihef itbldie 0¥ ®ackvward schemes are
gl ven subpac [ ocated in the FERAM 312, the BERAM

Bed Whig dshylmedexweetmﬁeammemmdajlvgﬂm the AGK gnay be sent to the
PR St TG B B ITPR R shpAA LR B g ke poce 1

thﬁ.t @h%é CY i B&ividnae calitie MRAaRESs ofTanecf@sfar dedodngBy Mising the
options for the update of the BERAM 316: [00100]

A,
dosededbé&:te do upbiaed: notiraliBERARSS BBbRAsKets biys @}sm @oeﬁpw&@dwﬂl be

n %Ho g attenpted for that
%%‘\r;edlﬁrgﬁ %ag casee e%gﬁu%ggﬁg%ﬁwt he ol der FERAM
[00103] S| Ot SWithdIC, fied dhe Be Hedoded asdBERALAGutied aad ghbteamtadsserthat the
if that user is not decoded at .an opportune t

tase atation h4 mgy AeBAVHRRANFESIERCS Thfagies ©) qﬂ@f‘é users iopeglists With
%ﬁ@(?l t
Ig-eco ’egi gné[%g%§8%v %%33 te{st{g%e uggagtdg% I'n or gted for the original

packéty Exiptalitg ishencbessfilj then ¢ér HIARQtwich EIEGAMeB:D@trfhutlon of that
all affected

L B RS S G WISt B Bl
RCLHAERorR b diels N IRALRE R SHEAG doAGaBARENL R ssible to

hods CancelingIntérference from
Subgldoteeeendh fiomAt 2, \Beor%slbp@cl@tﬂ\bssﬁeﬂn%@}bmamsmﬁ}é of samples.

0102 ner a e extra oces d b
ek b Ticired pitfor SereRadionG SRt ks B Py defisers
[00104] par tigied q{)hb{uiu%'te%\é%éel%%&n?_letﬂﬂ%r Bi®stahicy QmiH instances: slot time
backward schenes are used del ay may exceed t

he
m drsloel gl - Rhists. For Ay perposen MG Ffshows a single

i n SS§i0
R BEERE opbeREg o pE OB Subd 30 TpoBePefd gape ot v
hiBBligH GRE \iﬁtérféi%ﬁc@ bhﬂdellitﬂiﬁeop&ﬁat&ﬁht @itk FARQCCESs faskiver sample
usi ng the decoded data to subtract not

d d b
gy 31 Acn Bt Lsumpaall ¢rubBskets (SBCh RS AR ENCHTEYDO Reva
B}? g%‘O S5t Uulbrek RffcD 8fre Bid KB tsHtbwdd dalf 4ISShBFacketf: Undecoded

subpackets are shown as shaded. Decoded subpackets are shown as unshaded in the 40-

slot buffer and are canceled. Each time instance corresponds to the arrival of another
subpacket on the interlace. At slot time n, User 1’s four stored subpackets are correctly
decoded while the latest subpackets from Users 2 and 3 fail to decode.

[00105] At time instance n +12 slots, successive subpackets of the interlace arrive with
interference cancellation of Users 1°s decoded (unshaded) subpackets 2, 3 and 4.

During time instance n +12 slots, packets from Users 2 and 3 successfully decode.



[00103] Wth TIC, the data of decoded users is

reconstructed and subtracted so that the base station
waQdoorvagnss enove the interference it causes to BCHAIS2005/047636

users' subpackets. Wth H Al whenever a new

subpacket is received, decoding is attenpted for the

original packet. |If decoding is successful, then for

FHORQD wp d)ﬂh:s TCGo grdgpsadntsers byt arm onfth¢ bame faleatffsapubdoes not

cancel ed fromthe receive nmp recon ct n
REFQTIE FHEGOEEY ¢ ﬁ&eré%rﬁn%@ﬂeg‘}%ﬁﬂ éﬂfh’% 3‘\5 BBt ﬁ‘ {8 b growp 1,
L{S)glgqﬁ %@W%&ﬁﬁﬂb% ¥ £RnR ﬁﬁér?éré&%%anééﬂah% PA$elelir®, as the

0 cance erence from1, 2, 3 or 4 subpackets by
inther 0f users nnag groulpi ZOWs Yargdr, ﬁanmpé@lenﬁatlogm@m;qaxﬂm decreases but

tg?%l}gg 1%%'0({@ gﬁe Eaﬁgr e micisrfL ét%ﬁ%rgg%%%?ggls Slant¥ gr‘blgp for the
§aﬁ1%ede¥§(ﬁn§ aRhst. b['l&fv@\l;er 3d2h M- AR, @Ee fdcBR et WHLRINGREIpt to decode

time n, n +12 slots and n + 24 slots. For
dll bsasstin dle greup aﬁcep_rc@gh newisehpacket SHERS, zglogqm@p@rs in the same group

|nt rlace w.th s ackets.f.rom er.

S B RRET ST SR gl BB Uoer
&@B&e%ldt BkrleOf) (191D BER g pavk R o ARR.2 aride3 damﬁe ‘aEtmmamaIlE which
buffer 312 in FIG 10 s spans all 4 subpackets

(whi.c
fmgaexbleelmwsgvbdemﬁe Fim Redh Byl Subpackatp Of mrpwgpusly decoded

ce th I
iR St R BE SuRFhIRER0E hort s v ey e
Qb@@cﬂi@& eﬁﬁb@ a@skl@éﬁp@iﬁﬁlsSthﬁivn‘lﬂlaag}u p&itlanileﬂ usens tﬂ:ag al@ays be in the
sl ot buffer and are cancel ed. ime insta

oI D tpir suhpackstsee fpdC %f-n‘é( %tt PIOFT FOBP A erssieopde
[} (ﬁé@ﬂt% Pr enth Cﬁh%llatti'o%f}l‘#l&? %e#he%d{ Akd ﬁhﬁfceéléannels

[00106] SUbpaslpediderhraddrekiedriby tRisaactid if a¢lated to uaroviag smem&gpacity ofa
At time instance. n +12 sl cessi e sug{t)a ket s

Chath e by EEAGR Y ottt SoiicaRrUPE U CuRe BT R P e base
%%@Jr?réce&elde g&ﬁ:rz(l UpRT2gdeshs PR&ksddt$ o pilst, 80&théad and traffic

ring time rndtance n +12 slots, packets from Users
ettinds.s Thisesesfion yscribewdgoint pilot) overherd; ead tafficol rs@hm for all
of users who are on the sanme frane offset, but does
WSES:- per f orm successive interference cancel | ati on

(00107} t Ni PréBewErQpRts idbchibaBSFRSY, o0&medd IC(OI®LkSnirddiché. On the
same group do nhot see mutual i nterference

veaese [linky wmtxeamfecrrefemleusea@cnsraé mtaffg@nc%to sigals; of all gther users.

ot Ba 68 i ot Aokt SR B Behek PR users may be o

CRRC Bhricarth dgtn obéfioversl Lit@leseret dxbénﬁﬁﬁ& bgr thipubear Rbwaoving this
sane decodi ng attenpt. However, wth H ARQ

pegregale pverbeAddiniarfeasnse ey futhshémaioye Fugrd R%Porlﬁénce (e.g., for 2
W%@(g(} S%ESAH0 ﬁ%ﬁ’Ag ggs?éﬁ\jé @hd ht e¥&5 rex%#éeoﬁ‘hlg %a2&yS beyond

same group mut ua I nterference
pafcalaned ardincaphdity azkivpd by Pihend THe packet of User 1

decodes at tinme n, this helps th ac s qf ers 2
[00108]and 3 Seeagddamperiant BicHCHons g m&nghﬁﬁgsmnmed
b6, osSE eftf pd R JH§1 gce artfhar@hre (HIPRESE St /eofs. A few schemes are

pre
described on how to best combine all three cancellation procedures. Some may have

more performance gain, and some may have more complexity advantage. For example,
one of the described schemes removes all the pilot signals before decoding any
overhead and traffic channels, then decodes and cancels the users’ overhead and traffic

channels in a sequential manner.



packet may be cancel ed before reattenpti ng decode for
the other users when their next subpackets arrive. A
weeyoepo2ass i s that although particular users nRETAISHEYS47636
be in the same group, their igbpackets see the IC gain
when ot her group nenbers dec Joint Interference
Cancellation O Pilot, Overhead, And Traffic Channels
[00109] [ 001 0Mhfis fecrionhd BavedddrERNER009 IXHEE -I3@ Rdvansyiserrsednalt indgeneral

sePHSCP R TR g S HEBM Ao M7 )k and CDMA2000

rence at the base station receiver. In general,
1lxrﬁR\fﬁu\§er s signal consists of pilot, overhead and
Methbils ﬁoxﬁﬂmﬁeh&Ch‘ﬁhnwscrl bes a j oi nt

i fic,lC
01101 Do g7 Y haMsties i, et beaicdiama e atianp uck 55 SRELPO Reva.
"I‘h@ré Q) e types Oshu CHrheal ChAmERY €65E typd kis ayerfgadihe RL

fromeach usér acts as interference to signals of all
dammdnlauem'dscodmwblah naliedes the RRI Gigheree rateiidinatar) elaspeleand the

opTiatrpii el ooy bPst pRIPE! 148 Bz Zils F nel AE g ther tpo s

tb ffacﬁmaﬁeeme fRevRy ilng (Fh) mmmagamacmmmeadmc (data rate control)
interference may further i n%éove S%@ em perfor mance
chenng}, DSGr(data@gmmzthDE%n e Vackagwicdag) ehagmel. As shown in

B RE R by AP R RGBS T AR A RO

dnlpeaisatitted whet MOWMgﬁWmcEét(&an%ﬁedam theBbfdeamser on FL.
denonstrated thr oggh system per f or mance,. and, har dwar.e

[00111] ( Hvy Ayeengtherqvgtisad slaannglss b daterpd fesauiliary pdet shgapel g knovwn a
d%%#e&qrr}ﬁé; Elvglo TP Ao %nﬁlﬂfr?@ ﬁ‘ﬂﬁ%lll(ﬁtch%ep rrBCcfe%HdﬁPdtlon and

ave nore per or rance gai‘n, and sone may have
dmochngmlmessyryaﬁoraﬂnsaghamiéhr WMIaexlhaaryepﬂOt thannel may be

oo D o Comies e e B A 2005 VL1 i
Iﬂﬁy’:@@ﬁ% 2Bskp 9&@ c&b Aol endl 8B e rOfBiRRAGS ?@&Er bhabdgdntent)

annel s |n a sequential manner.700109] This section
is based on CDMA2000 | x EV-DO RevA systerrs and in
general applies, to other CDI\/A systens, such as W CDVA,

erﬁefg%tChé g‘s f‘ﬁ”tlon [Of)‘il(%)/%grlﬁ ]j))h 0,...511

illustrates a R|, over head channel s st ruct ure, S]l)JCh as
for, B4yDS Bq A e e 4] y@es R ¢8w¢r4he@ n=0,..,511
charfiel s _ @fs@g"e‘ésm st th Ri f

denodul atl on/ decodi ng whi ch i ncl udes the RRI (reverse
rate indicator) ge - Lo o W o T- N =Y JoBidha1pl | Ot

channel (used vvhg FR g s%tze |g§%%o ?ts or

hi gher); the other type 'S

where n corresponds to chipxl sampling rate, f is the finger number, c, is the PN
sequence, Wy, is the Walsh code assigned to the auxiliary pilot channel, G, is the
relative gain of this channel to the primary pilot, /, is the estimated channel coefficient

(or channel response) which is assumed to be a constant over one segment, ¢ is the
filter function or convolution of the transmit pulse and the receiver low-pass filter of

chipx8 resolution (¢ is assumed non-negligible in [— MT,,MT, ]), 7 1s the chipx8 time

offset of this finger with @, =y, mod 4 and 6, = Lyf /4_‘.



to facilitate the forward link (FL) functioning which
i ncl udes DRC (data rate control) channel, DSC (data
weawena208ent rol ), and ACK (acknow edge) channePCTAS2005/047636
shown in FIG 11, ACK and Dsg channel s are
time-nmultiplexed on a slot b g ACK channel is only
transmtted when acknow edgi ng a packet transmtted to
[00112] t he SRhweseusit grnpFdf. ovkf@id thantwbn grhidieinolndeh BRLC, DSC, and RRI
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aré necessary 'S chan and the auxiliary
thé lontput Hartreddw rthq tlneshoéd;oarsteraumeeu deetared @nd mmmcea@felctlon is
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are encoded by either bi-orthogonal codes or sinplex
mepamarmlctthe recei ver side, for each channel, the

onta ST S B B1 5 L GTPRE SURS R g be mos

@6&@1%6 ISicOEe! Adedp@sl Hfer TREONSIbE, UThe Sdteiver ﬁiatyeimioﬁdlate the
or this signal. Q herw se, theg are decoded by a

sgmﬁ @nd baaksda hemdrdmmom@n fieod§ shanneledase t e TeppRsimetion signal

%{ |ns¢lde th der 308 in FIG 4. The decoded
o1 ?}d]?aybl?et o (e it %“ reconstruction of the

[00115] COT I EARGHAEY NippEdieRNE) ,reétﬁlsﬁrﬁa\l\llﬂld M EKGchdnnel heignal assumes the
reconstructe S|gnals for these channel s are given as

W?@hait@ﬁ and gceugplated AT signgl, pier Rqrmadegiion mey pp rqﬁ;qsegted as:

f n =0>. , bU y=x+z,

where x is the transmitted signal, and zis the scaled noise term with variance of .
Then, the log-likelihood ratio (LLR) of y is given as

Pr(x=1|y) _2

LzlnPr(x=~1ly) o

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

#=Pr(x=1)-14Pr(x = _1).(_1)=%§%3 = tanh(L) = tanh(;_z—z-}’),

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

estimate and cancellation approach should give a better cancellation performance since



m=- M Equati on 2 Reconstructed overhead (DRC, DSC, and

RRI) signals [00113] Conpared with Eq. 1, there is one
woaewetogzass dOwhi ch is the overhead channel dat apCwWuSe006047636

the Wal sh cover, and Gaux represents the overhead

channel gain relative to the ﬁ imary pilot. [00114]

The remai ni ng overhead channel is the 1-bit ACK

thewrroeiver does ABtykdosy BRIKtaforlsilrabedlthidiethod ®eina§the confidence level

repeated over half a slot. The receiver may denodul ate

{18 PiStyRal his ABPTRAREINLREIHIGE bE §K‘i§ﬁd@n‘[°tQYéth®kd@mﬂhelllentloned

s, TAPRESHECHHGION o ey ek GGGl o

AClécohaonditaini thaal LR sk mash thie golenpdxpaettalinevith the number of

accumyl ated . ACK si gnal fter normalization, may be
g%fgpggtmbétalggnegpd%)@ym@o ere x is the transmtted

SI gnal [
[00116] On.eaerfﬁcelﬁnt \?%}‘e ﬁfggﬁléflnggtl (?k%ﬂﬁagd ﬁcggr?ﬂow(%%ﬂ%{ﬁl 1819 ?se gne finger,
glay@nalagaéﬂmapdécbwvdhmd rsegnehisyt itsneldtiva gpiny pose it bey me) fW alsh code,
|rmteo e ansmtted bit m (* =
gllr{l)ghem qg)eﬁ‘n(er t sn spread by ope Wfﬁc{qeg%qndﬁlter t]ér)@t}glzjhe channel-
’sJ:aléd Aty ealt ordc8NTHi MR IndPYavE %oﬂ?%ﬁ nzgtﬁﬁglemty and
reconstructed ACK signal is very simlar to .
meinfory bendwidthfor aubtiattisrepirpedeng dO0 by x . | general,
the soft estimate and cancellation approach should
give a better cancell at pes f.0 n Si
recei ver does not knowzgé;’dda%fg ?’g‘?’ng‘%re ?Ie @f)‘é
met hod brings the confi dence | evel into pi cture. This
approach in general may be extended to overhead

QQMWE§OEGQM®MG above. However, the conpl exity of

oo, 1 S R SR 58 o) BRSO e Bone

irteade BRR&Im @hipdcity O DiBeiean diokimg ﬁd%ﬁc&ﬁﬁ@n %dePsObf PIC, OIC and
%0116] One efficient way to inplenment overh
Ha mer yield cifferentsstsienn perfororanced ambélrfferqmympw en bardware design
E&ﬁ?ﬁ overhead signal by its relative gain, cover it

| sh code, and sumthem together, t hen spread

y the
PYCEisst Mlen %qggpma 'mﬁr&g' dtnar(m@t Séliﬁin%he
channelscale once i s method may
[00118]55ve BH#h ?e“ohlﬁlﬂraw @rﬂné@ﬁé |t@>ﬁrqt>peafﬁﬂn o tham gaifeimn OIC and
iyi tééém& G M BRYE: 1266 tﬂg rgceivep %gﬁvt%sch(cmngl egtlnr{a%on 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.

[00119] Block 1206 chooses a group G of undecoded users, e.g., whose packets or
subpackets terminate at current slot boundary.  Blocks 1208-1210 perform
overhead/traffic channel demodulation and decoding. In block 1212, only the
successfully decoded channel data will be reconstructed and subtracted from the front-
end RAM (FERAM) 312 shared by all users. Block 1214 checks whether there are
more users to decode. Block 1216 terminates the process.

[00120] 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



f f Joint PIC, QC, and TIC [00117] Joint PIC, O C and

TIC may be performed to achieve high perfornmance and
wonere®asse syst em capacity. Different decodi ng aa@/uUs2005/047636

cancel l ation orders of PIC, Cand TIC may yield

di fferent system performance“and different inpacts on

har dwar e design conplexity. PIC First Then OC And TIC

g}_&g)eﬁ&%ﬁts(fﬁnﬁ%he Satte®ons QP Ls&E ifrletalied aé\:ddiﬂgusrﬁeﬁt Ass1mp11ﬁed
first performPIC and then perfor
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ben e in-front pilot cancellation.
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001211 cor v GHE: AP BN RH-AR, PR o BRAE Do, LAY © Berform the
{%ﬁfg 6lfzf | cTebannek 1980ndyl ahitaG. ans f#RgasH Bepletdnted in

y t he successfully decoded channel data
MdWarbesoﬁsmmmtaammlndatmd)fmmaa‘tmoﬁ“@m t he frontend

om0 G5EEAN, o et R I 21

l’teﬁlro% DafoRs1 64364 B 9 Bfifal cﬂmQ&ﬂe?@&tuﬂ_zhé in block 1202. Block 1300 derives
decodi ng/ reconstruction/ cancel | ati onbrm%(@be in
]

= dgtadriseda chimshiestimpieopn enrsfined chmne als- t efaased channel

xt,user in the qar b
Gt B il e e 5 GRieiB SRERESSBIGE 1302
BedtoRms eeadiidl 0PI, digs., eémévee ® aevEgHd etirheta affi the §ignah based on a
cancel | ati ons of users in earlier decodi ng order. A

refinpentio§ theghenesd eptimate bk 64W-al | users in the sane
[00123] ggg? i %L%fa&ﬂry %Pélﬁglnﬂﬁ't‘ "i’;‘i&?ﬁtlzblﬂ%ﬁo rQstu‘PtE(fl%ei%@wng an initial

e second appr oach
sishe esiinetee/gl, ptidt bighai)P1 k]l fous t]hmtdneﬂve&veampﬂesm frgaen based on a

e T it €, DA BRI s
%&nﬁali]ee E§ ﬁlie e g’%‘ &r ?%2]&){%1? HWmR¥ahe ?&ré%érﬁalt Il‘E[ﬁ] -PI[@Y Rifference

pac I's cancel ['ation.
framche hzﬂﬁpleitbcmitynsamﬂmﬂhAM 312.a mpjority of the

|
vt 35S SHS Sl B SR SSUR S SERAR B4, po 12
BERSH the Huddrldr 116 ASAT oPB hbs o8 000411 3F0A3123AFIGNESB may

1244 in FIG 12B may be i npl ‘emented in
be implemented in hardware, software or a combination of hardware and software.

PIC First, Then OIC, And Then TIC (Second Scheme
[00125] This second scheme is similar to FIG. 12A described above with the exception

that overhead channels of the same group of users are demodulated and decoded before
any traffic channels are demodulated and decoded. This scheme is suitable for a non-
interlaced system since no strict ACK deadline is imposed. For an interlaced system,
e.g., DO Rev. A, since ACK/NAK signals respond to the traffic channel subpackets, the
tolerable decoding delay for traffic channel subpackets in general are limited to within a
couple slots (Islot = 1.67 ms). Therefore, if certain overhead channels spread over

more than this time scale, this scheme may become unfeasible. In particular, on DO



hardware, software or a conbi nati on of hardware and

software. [00122] FIG 13A illustrates a variation of
woheooroe2dsed in FI G 12A. Bl ocks 1204-1210 r enoPeETAS2005/047636

signal based on an initial channel estimate in block

1202. Block 1300 derives a daf%-based channel estinate

or a refined channel estimte. Data-based channe

inflel AdDRtk ehataBREh aeﬁfohlfﬁ%fra@cli:%ngi%rmat and may

R%bkﬁﬁiﬁlié}gébiﬂa[ erd \
descri bed 'ow. Bl ock 1302 perforns residual

be eubtractedebme d1Cevi sed estimate of the signal based
on a refinenment of the channel estimate in block 1300.
[00123] For exanple, consider that blocks 1204-1210
resulted in renoving an initial signal estimate (e.qg.,
' ' mthe received sanples. Then,

ot hechhird Soheme

a
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ootz 300 e TR RIS T e BHESoRL PIALOBEUMTHE. Afera s
BRICR]14B0] the Widiv@r dutices thaiel Sginmtion! for b GRérk A8 pefforms power
the RAM 312. [00124] FIG 13B illustrates an acgpar at us
SORE i3 blagk %squc%oL@é&hQOSf%w,roupsCizf padgsededopsers: Halock 1406

Eéf-é?&faég the Ghahdft g (%E‘..S 11%1%91(?2%8-1%:%@0%1‘[‘[ eﬂtz tj> nperform

may be I'npl'enented i n hardware, software or a
o%rhéadaﬂrzifﬁﬁ ohﬁmfeadt(%kwanh&atgmhrﬁlodeb?ﬁngﬂ BPd>c]£I?z Hrllaqierfoﬁhe gIC for all
Q C, e Second Schene Q0125] . Thiis secon '
L ﬁ@p O SrhTl ortopEnars wan s besfi BdirondschkbansdlFsline

[00127]3XCepbiﬁ&eﬁhﬁfbmotih%fﬁ}%&h&%'tpﬁh S| e(?ilsjﬁls&%%ogfe Oﬁbirgﬁe channel

sers are denodul ated and decode ore any tra
estoamatminsfoarall werso(ldckt Bd2jritle pdodee nof bittrasted efiem iIFERAM 312

sujtable f a.non_interlaced system sinc o strict

e e sdupetioR s ussit oF PRP P Eerel g RsronIC scheme.
Théh, foPP Rl ofusefs WEE tefiatidabiiat $hOBahS pA&ePaPPadi@t biihdary, the
traffic channel subpackets, the toler agl e decodi ng

teithogd peiorms sdquential ldaending Gldskad4QR and I 1gpiner gilveraorder.

limted to_wthi cpuple slots (Iskot = 1.67 .
01281y & 8 & atirgted et o oo 5L il phammel from
Wﬁldtf%fbckm%ﬂ.i Mhe SRt Seest1BisSinkt ediRe BNMPARAOIBthe time (block
unfeasible. In particular, on DORevA, auxiliary pilot
dfdhrehenaii vascleneasaiated faamewien cantsol giue-t@unterferance canestlation of

. t 0 .. Of Nt
BB, oot AR TR 26 iR idoenit g packet
Saberfey, [HROMZMhelFesimatibA qhdlitytis dinpsoved Twihiedd besefits both traffic
performjoint PIC, QC and TIC. After a start block

thanpel deredingmdvancellaiipy perfermance This nevachamel eytimgtion is used

t i " ,
73O LR MOUES 1980110 40 By oo
(Hedst40Rt(eg., R chhwmmehél EVFDO).piOnot the dlcodikg pieess ib4ikshed for

%ﬁé %@tat%To&e{ll%[ n’rfw method will subtract this user’s interference contribution

from the FERAM 312, which includes its pilot channel and any decoded

overhead/traffic channel.

[00129] Block 1414 checks whether there are more users to decode. Block 1416
terminates the process.

[00130] 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.



overhead/traffic channel denodul ati on and decodi ng.

Bl ock 1412 perfornms PIC for all users and OC and TIC
woaooeonoge users with successfully decoded chanrel/usaioa0n47636

[00127] Different fromthe first schene (FIG 12A)

di scussed above, after the chéfnel estimation for all

users (block 1402), the pilots are not subtracted from

[001311FERAM1:$@215A difistraea ¥ vafdidher &b aield RIGMRIA OB1b& 1500 derives
used for power control as the non-1C schenme. Then, for

alatjtrbﬁeid ganneleasmates. tBlpek hererfarms pe optienel residual PIC as in Fig,
q@gket/subpacket boundary, the nethod perforns
sequenti al decodi ng (bl ocks 1408 and 1410) in a given

[00132jor der FIGOOSB&]]ludﬁ@tesaiﬁ apipheiiat eehpiis gt Bghs UISI20,1486£1510, 1512 to
met hod first re-estimates the channel fromthe

I
PETEOR (Dol PREIG: 1. TaemepmoidiHirkighs bﬂ@néélzp in FIG. 15B may
g’e g n{e I%H%dwal? s&i%vﬁ% lf)r g!%g%)omt 0815]0 ﬁre and software.

OWer contro In er ence

dzmdedffﬂcttmeemfrl_ag Hensit dusl Thidd Sohla@gepacket s whi ch
over | with the to-be-decoded traffic packet.
[00133}rp g e?&néy apprar dhat direh ch@tl? SBQUIQ havR sHperigr performsnes, eqmpared to

i ﬁ'ﬁ'rdbs%ﬂ%b tsﬁlcg%@ Rﬁlb@&@ﬁﬁ 5 Atk Cﬂt: nng??’f@ a8 G makes sense to

cancel l ation nce est| mat
icgnag dltbnfi gn ﬁom,f fIfcbcttln asnhmhesdaeoatsmged b daice m@ama?.;ancellatlon

by oL S BB 57 A b B e
MRS for fHenipfiedctedte, Offfcel R pfot biafike] 1 tBmatio® sees higher
met hod wi I | subtract this user's interference

aaterfercneet tham ther toaffic etarieRmduBtion, thhiestimatad chates] coefficients used

B, RISk SR BT TSROV amay o i

W veS €rStht thiftbsohe@e, Shactke %ﬂ&tﬁclfaﬁﬁéﬂ eBidth 8Forl i@&edone right before
process [00130] FIG -14B il lustrates an apparatus

drsniflis dafandemeduiatipn/degarting,othe cinfesferinch devielt mu loyf this refined

ehifingt &mali0f FREG S tnd ity Bl Yool VIR oo gyerege, the

leatcdViation @ualitysafthaveiie SchEAShy bt Gettdk3han the Gigst setiedge. a
variation of the nethod in FIG 14A. Bl ock 1500

(0013415 | v S0 4 HrbsE dleigameEPeative] fhisttbisd seharmegdave 2 slight odge:
PSR pP O Pt PR RkficRT odd el bl dag and cance

ttiheemamn o gtth2 ) -theéBfore, thikOapptdatR shves pmsrﬁonyrbahﬁmdtht m&dthefother hand,
ElG 15 .Th 1420- 1436, 1510, 151 FIG 15B
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r
ot ——

apspeay), aidithub,i thee isohmesashaumdmony/eandwpdth irequirements.
[00135]per f O R S Asstimed that Hle fitst scheme has 80% or 90% cancellation quality of the

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

[00136] Overhead channels may be removed (canceled) once they are demodulated

successfully, and traffic channels may be removed once they have been demodulated



the third schenme since the pilot signals are known at

the BTS and it nakes sense to cancel themin front. If
woabds/isnisenes are assuned to have the same caneeriuakiosn47636

quality, the first schene may outperformthe third

scheme throughout all data raf%s. However, for the
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QEAREEHGH disPlgsrddierdifaf fi ¢ channel denodul ation (in terns
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cancel | the third scheng, re are .
SrlaEperomameaoln MR réetvep Bt SuBmiak dutegEeRogincellation by
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may al so r e channe fromthe tr

Sethefes Sl B Bl BlleFink e A MG asinb e 16 abbPitibté period of time.
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channel operates at (‘nmuch) higher SNR conpared to the

the estimatiom S8R by sgueelatiog ardre azmples miélesloh’a@nunéﬂatmg so long that

enp t e de d e
U SR IR F QeerPE bl U RieCy RS BE U RCshpvnsl- oFig channel
tiiiatb @oen thepilotiRliardutrat adaadusdes gedorsldas aaﬁodidla/uoﬂ t
is possible that the base station could successful

[00139] 0 0 dhsa desceibed ABOYR Vit Fikbads aRY RrRetice] anethod e gnmpmentmg

t I
S 1 RPN SO R ey e L of
varibws transmstteduhipxil rstrearhe tethe €e.g nehiprd) FER AN sa'tnples ThlS involves

overhead and traffic .channel data may be cancel
deterBinne Py Grasmitfed chip stregragan estipieta of the Ovge g%annel between

H]a.r;kﬂ{lﬁer Sl 11 gt cl:é?{?&rs%ﬁ{f)rfbs' Ssih& e’ dHaffl efstlmates from the

I nterference cance on (of "any conbi nation
RAKE fingers represent the multipath channel itself, the overall channel estimate should

also account for the presence of transmitter and receiver filtering.

[00140] This section discloses several techniques for improving this overall channel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1XEV-DO, 1xEV-DV, WCDMA.

[00141] To perform TIC of a packet that decodes correctly, the receiver in FIG. 4 may
take the information bits from the decoder output and reconstruct the transmitted chip
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soEpdgs widly thegrecaustrasted trgnamit idatar dhips tpcathisamthe $2P @rinTin@hannel

it s ' Std .- the transmt chi
TS, U RIS T et s o
dhoserstrised en irfonatoaabyeirthd RIAKE fingdt delahe alRPiEn priohri estimate of a

regeiver's cha ngl estimate from,dest?readi ng wt
combined response of the 1

transmitter and receiver filters. Furthermore, information
from the RAKE fingers may be used to refine the uniformly spaced channel estimates.

[00144] FIG. 16 illustrates a model of transmission system with a transmit filter p@,
overall/composite channel #(f) (vs. multipath channel g(t) described below), and
receiver filter g(z). The digital baseband representation of wireless communications

channel may be modeled by L discrete multipath components



the pilot PN sequence. [00142] Instead of using the

pil ot channel estinmate, an inproved channel estinate
woabtoemanisc RAKE fi nger delay) may be obtai ned byCT/US2005/047636

despreading with the reconstrzﬁ%t ed data chips

t hensel ves. This inproved cha estimate i s not

useful for data denodul ati on of the packet since the

packet has al ready decoded rrectly, but is rather

used solely for reconst&ict Ppgd{fer,dontribution of Equation3

this packet to the front-ent! sanples. Wth this

@iy they o N

g P R S oo Wt o3 ombined

effectiof tei mmnmmhéseo@mgﬁuem magmaieﬁheshst%t)cwh&é )

with the reconstructed data chip stream and accunul ate

over an appropriate periQqd Fe. This will lead t .

i mproved channel esti m%l?orﬁfs)lé?}ge the traffic channeﬁquat10n4

indheter &demibiel @BnASlufib hghe REWBIHNAR &Nl élﬁ%exf:ﬂﬁﬂg Smilar to a

(this traffic-to-pilot T2P ratio is a function of data

faaqeé)comgg resgonsse Ioarsamplepo @IbMéé’lODﬁané its Herivdtizeg) e]he response is

te ch nel estimte
biief R R AP kBl 3p B 5 s vegnel estimats is given
bypportant to cancel with high accuracy. [00143]
I nstead of estimating the nmultipath channel at each of
t he RAKE f.i n ai ection al so describes a
channel E;é(é)t %gttr)@d%])p Qﬂtr eTl hat woul d explicitly Equation5
estimate a conbined effect of the transnmitter filter,

[00145] nul t | EIGsh 18AandaisB ot aL&RpRs of dHahed]- esﬂﬁbﬁorﬁééél%a fmaginary

t.the sane resolution as the oversanpl ed
?Q%WHGE%)JI’%S&ﬁﬂnéBe eelirgated mulioatireiRangl atBach of thmeeRAKE fingers.
Bt r@{raﬁ] rea th ront - end
sanpl es t’h t g?aggg%%%?r uc?a’gsa? Sﬁgflnh?‘e d til'El‘ﬂ BY ghyen by the
stetsi 8he rdchastitizRon &dottedlineidmasdd oasdsi b @[hnfﬂ‘(ﬁlkiﬁékﬂ’ above. The

égm span egf the uniforn % space channel
°ﬁﬁ‘§“ &stmpEe i Bl d3Armndnk&dy ﬁ@tba@aﬁd ab dgspredding with
p estimate of a
%l ngg‘gﬁegg?n(gé%?ﬂgﬁ%mgn%ﬁﬂ%ter and receiver
BURAICE Rimger Deldyrwith iReperidratedt eta Mihs Instead of Pilot
@inaers may be used to refine the uniformy space
nel estimates. [00144] FIG 16 illustrates a nodel

[00146] Of T IS SISty OBF %M&ﬁrf%!néé‘lhau&s tH('léna?' anteth 'uln]g?{% %ttﬁe fidelity of

overall/conp05|te channe anne
@ewtru@tm 2 veer’ bedwviputiemtd thecereieed ﬁlghaler Irgotder td iprove the

e t at.i on af rel ess
comTunl ca({%s@g@ﬂc ﬁ%tgﬁ'%éﬁ ﬁﬁﬂ&}nﬁ}@nﬁ%}dme\%fe&ﬁe cangellation, & is possible
tOUSE] 0 el s eoaBT RS lda Ehips™ttiétetrhine tan) infHYAd QPintlel 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.” _

[00147) 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.



where the conplex path anplitudes are / wth
correspondi ng delays t/. The conbi ned effect of the
wonrersgmasser and receiver filters maybe defi neBCaaIS2005/047636
f(t), where f(t) =p(t)(r)q(f‘% Equation 4 where (r)
denot es convol ution. The co 7ned f(t) is often chosen
to be simlar to a raised cosine response. For
[00148] exanHlE, 20A TRMR69G metholt Hr despreating es RAKE fimspalebays with

e e
8 Rf C}{R %flétt}%y fi6 tget RF@E BabatvabibsD hAdAO2002! @8modulator

n exanpl e of channel estimation

30h geetformsl dataalgimodnlption nﬂm hkmk 2P0hadesodey308meriosns daﬁaeiycodmg

| tipat hannel th fi
s cbedR o 1 iRk AAORE R Ao W R e ERaS phsppited data
dhigieoy Mcbﬂiﬁgﬁe-ﬁfe@leg\hﬁg NreliodulRing! #kiSre-spiding. In block 2008,
reconstructlon (dotted Ilne) IS based on using the

unit 40 alesnyends ié@umd spmpleRARithf irangarittech dpiacthips te st dmproved

clfslﬁrbqll GSFHP%“Z,A( 1%?81}]& &, glr%z’?(f%kgbﬂ g,( lﬁ@{\l@d 1169&15%@? user’s traffic

ang oREdes fthtabutiBAKE flohheet saﬁqﬂ@yxsltwmﬁmmﬁate@@mate
Data Chips Instead of Pilot Chip [00146] The ality
[00149] of cHEkmE0BaBustraes ahanpasatus wm@&mg FisaRs 2639 &Q to petform the
x%%tg&h o&"YFI@f DAC oqﬁf: rIH%lS‘l @ 2'6?6rmsFI€ro Mol ﬁl‘d&'&nnﬁﬁemented in
e recelve st gna n O I nprove t
tpedwat seftearodr mhaﬂﬂmﬁatﬁmeffmmdme anmddodtrweand.
| nt erference cancel I ﬁ.tl on, it is OSSIlbLe tot

ovedchannel estl mat e. Th|s will inprove the
racy of the interference subtraction. One
[00150] t ec hrClgssical (XDMRA\VEecsivstsemmBy rm‘gimbk the soniphexd value of the multipath

d d t t ted d
com et asch b B HhEG' s 18 oot SRBEAN, b6y e RAKE
1665 RGCha¥ IndudtS 8 oW Eﬁis@%&@ﬁéreﬁlt&' {&t ({U)) Rehich ﬁ@@fﬂa‘ﬂtﬂed to the

Recal | that the fi nger channe i'mates in
tiBwmites fdiee (1@3166) oFhatefors, derthe gecwmeh tat mplgneltita &ltﬁr pj@atched to

bhshaeeiipds BRARE BT dRIt iusrief RelchR i lligdddammer

GG I%ggyr théslapleshhe RNKIB finkél atdpitatin dfibéPFom independent

where the data chips are transmitted with 10dB nore
troevicking doaps aVilin sriniitg Sepayaiopgieqrirenentefe.g., fingers are at least

‘%{llg: B8 L3 }ﬁ)v&T%xl]%’e PisicdPERIGAA! d8nAl B mdy S have energy

at a contlnuum of delays. Therefore, one method estimates the composite channel (1.e.,
A(?)) at the resolution of the front-end samples (e.g., chipx2 FERAM).

[00151] With transmit power control on the CDMA reverse link, the combined finger
SNR from all multipaths and receiver antennas is typically controlled to lie in a
particular range. This range of SNR may result in a composite channel estimate derived
from the despread pilot chips that has a relatively large estimation variance. That is
why the RAKE receiver attempts to only place fingers at the “peaks” of the energy
delay profile. But with the T2P advantage of despreading with reconstructed data chips,
the composite channel estimation may result in a better estimate of 7(f) than the direct

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



regenerated data chips. In block 2000, rake receiver
314 (FIG 4) despreads front-end sanples with pilot PN
woho@pa72086 get RAKE finger val ues. In bl ock 200BCT/US2005/047636
denodul at or 304 perforns data genodulation. I n bl ock
2004, decoder 308 perforns daf decodi ng and checks
CRC. In block 2006, if CRC passes, unit 400 determ nes
[00152]t r ans#i tcheuhedi atshlmalllbeSpﬂoyed'tme edesaibedg herein exphcltly estimates the

rl r e- nodul nd re readi n
kS 562 e dieios fLonduRiPaie Chomacls abreisivel fiter. This
Eitﬁlﬁk&éﬂrﬁatﬁge @@tﬂi’e §aﬁhé’§esbﬁlt1gﬁtas' ﬂprfﬁlﬁigsgwﬁ% 1188111t-end sapples (e.g.,

estimate at each fi nger del ay. unit
elipsh FERAN ) Eb@ch@nelreaﬁmate mayl be welribrezichyc desbraabling ithé front-end

d_saml e th| roved hannel esti mte.
OGO M S SRR e bR 35 B0 ey B g oy in chennel
eRansioR 3R0urdO3 0ThOtiRR shH F
neanleZOZO 2%30 | ntlFI éf) Hfﬁl@%n%hﬁﬁlds Qéeﬁeﬁ%%é%mlﬁgmay be
shosemassed oagnfoxmetionabaut @Wlé ﬁnger dfslalyaani&vam @ paiodl estimate of
t ite Channel FERAM
%eso tﬁll%cc)1 n %‘ Egégggner lgo%(flgcfiﬂ?rp@te[rﬁ) OE@I@I}emore information

febmsthe RAKEDersanigy Ve tsedntd Yefsd thelingro 5?96921' &hannel estimates.
the nultipath channel at each RAKE

val u o{a
NPWQEWJ the feshuiquepkestiating dre qomnesite n}aﬁnpﬂi itselftip alshmseful because

filt
A A R G e Rt SRR G P 4 1 cer
[00153] f il t eFIGs. 2¢A, 20Bf show diexBASIE &F ds@iatine tHeeE&h d:‘sfte cﬂﬁnnel using

lenent a filter matched to the channel out
‘F@A etecedsannlestchipdilaggalutions IndtlGs. 216\, 1218, the data chips SNR

f th
TABBPRSESIRIOE e 5% It A BEL ho
Qhaxmeltes‘amhtergvémb@ttdﬂqhbﬂhﬂy OOhipared Ry e Medpaéddaly w1th the data chips
ui renent % fi.ngers are at | east one chi
%@Zﬁ yhe Meﬂeﬂg T fReafionss |AéalPlghLﬁNR:pﬁletﬁf€€|¢§nWéf‘fama§é1 fimit the
Thert g&f‘) g‘?@rhé%q‘ E—Q% t@%%}?dﬁﬁa?gfg he co ﬁn%sr f‘%at&?{‘ﬁh A& uniform
s(ampéng hppr)))clatlsL bartlgelgxéjéxtl\ll;afml O{cf)l':ll-dsng &h‘f/\; Emhﬁl%a%ﬁ SI\{R is high,
chi ransmni

SEIRiartp e e o prRnE St QA bk for gl Sabi ehn the T2P

1§ h@%r %ﬁ;ﬁl@f‘ﬁ@k |thé7bﬂahh84fx¥b§ls@1%o'hqﬁi%pﬁ'é ﬂrﬁg&‘?ﬁ@ as

1f)lca |y contriolled lein a range.
[00154] Th| s Hgn g?@Aoﬁlllsmeﬁaymeﬁmdl fori estlmatmgrmompbate: bh:nmeI at uniform

te.d d . f t chi t hat
B B b one e B RIS 0B 0R 08 207 afe ritar o FrG.
201y dbmbBAK@owsceweﬂooatt bEOMt RAKE %Uei’ve?lmeé d‘g&Y Br another
aks" of the energy delay profil

t th
Czﬁ’@on;ﬁ &g‘?faﬁ@% tmefspaie Sor aaifomy osinstuation obesed wat R(AKE finger
h timati
AN, BB 208 BRI SpL O R Thar ot i m improved

channel estlmate by despreading front-end samples with transmitted data chips at

uniform delays for an appropriate time-span.

[00155] 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.

[00156] In the description above, g(t) is the wireless multipath channel itself, while h(t)
includes the wireless multipath channel as well as the transmitter and receiver filtering:
h(t) = g(t) convolved with phi(t).



estimate of g(t) conbined with a nodel of f (t)
.[00152] A channel estimation procedure descri bed
woeomiommsspl i citly estimates the combi ned ef f eecTal2008047636
transmtter filter, nulti patg channel , and receiver
filter. This estinmate may be %t the sane resol ution as
the oversanpled front-end sanples (e.g., chipx2
[00157] FERAI% theTﬁl@cﬁjﬂt&rmﬂiove,S‘tmtes” Ry beet ash arbiteatylgte (e.g., twice per
despreadi ng the front sanples with the
chi o ¢ @ﬂéﬁ@@st?fﬁr?élmr%’é?a chips to achieve the T2P
gain:. I t J a Te -
[00158] ?%g&{é%ﬂor BE' adt® déﬁ&?s:]agl%eﬁ%ﬁiéﬁ BY- e eﬁﬁo&!ngg ré-ﬁ’ﬁerl@cfvmg, re

t he uni y space esti mates nma chosen
thedudatingy ahd frospeadiog, abshewn fie W@kEN@Gw 9 rFIG‘reI2@3As anthdescribed
riori. estimte of ,the.co

a%P}ﬁ‘i‘ﬁs PiRGiple, | Feeeneratingr 1§ Ay g r}}tﬁcseg?rg}agt ¥ inkiration bits

Wt %Bﬁ%ﬁ Knd fnemlé BendRANE: (hideasterminmY. be used to
refine The uniformy spaced channel estimtes. Note

[00159] t hat ﬂ%aeons@mqucfampws” eeqresent th@gsaméesmésmt@%%%@ or in a

tsel f |
%B%gﬁnmlf%loﬁé °Zh ﬁwsfiﬂg@ t% Péntg ? (P%t ){V‘ﬁgflfj Ié%ﬁ gfﬁﬁ These
retdmiiructdd sarpRs Sdr6 WoRe ¥ T’ﬁﬂn@ol@fngeﬁiel @regdne@tdéd) eransmitted data

conmposi te channel using uniformy spaced sanpl es at
c&msmﬁlae\mngwsaﬁlatq n FIGs 2 1A 21B, the data chips

[00160] SNR | &g %B%géﬁﬁt?@cq té@’t m§#a eodsed %ﬁt@ﬁh@ﬁ&ably if

e uni orm C I ves

dbﬁteke ﬁs pr@fidddy toc et e orintinigh t}rebeﬂmsﬁﬁdech gatai ¢lhps be reﬁatrmng the
chi ps only at_ the RAKE finger catéions . hi grh StNR'
repRivesk SRS, SRIDIeHS Ships mqyrhetre [SitiGe Ghipg~ ate reformed by re-

%loc aEl?t &at. VW%IE&QQ Séa?@ﬁés”td’@re?&ﬁ{éﬁq;asé@bﬁ‘ Hsﬂ?@ﬁﬁe fefdHfRE chips and

‘ons uni f orm sanpling approach

inedrpoxatihg theyeffices of thm/rvarsld:sh ehasiel (o eSNRaﬁe)s aid thie, transmitter

é}%,rr,rggeslg%rfglée tﬁBertngor CPIF.FgrLI(f‘% %C“ ?g% T eoresgen%ally mean to

RBhiId GUeRfmYSEere f5h tmﬁﬁlsﬁx%gﬁs Un@ Ghibefinhdrfl ﬂbést‘&‘egenerate
is Inportant. [00154] FIG 22A illustrates a nethod

foo date shipsenidrigecvostpay’ for semalm ekclasivelyi fidem 2 sersivigr Mgl have a
%3 gg%enerat ed.. dat a ch| BI ochs 2000- 2006 and
4 Bir Q?rml?lé}m’ltﬁn LB, ove. 1n bl ock

S “&1‘8%0&2‘53%% TR AT
ifyang&divdre dedhighe C fadS nitigasy ftmtsrmcteﬂfa‘ysﬁcef anaynallow s1gmﬁcant
apygroprll ;te ti maespan %%155] F|§9 22B. i |l ustyates
ERpaYRaRS dbithe ashingble deeuetpsh- Jue sedippodessrives feghriques for
%ﬁ&lﬁ%%tt%glsﬁlttsm&mﬁﬁelg %&ﬁlsgf?fs §os 2020-2030 in

4 pe 1 nple ted in ﬁardvvare software or a
[00162] conmbi Imathe Qﬁveﬁlie Tgle cramsneission] eac tisemtemsmits pilot, overhead and traffic

signals. Pilots provide synchronization and estimation of the transmission channel.
Ovethead subchannels (such as RRI, DRC, DSC, and ACK) are needed for MAC and
traffic decoding set-up. Pilot, overhead and traffic subchannels have different
requirements on the signal to interference plus noise ratio (SINR). In a CDMA system, a
single power control may adapt the transmit power of pilots, while the power of
overhead and traffic subchannels has a fixed gain relative to the pilots. When the BTS
is equipped with PIC, OIC and TIC, the various subchannels see different levels of



[00156] In the description above, g(t) is the wireless

mul ti path channel itself, while h(t) includes the
wonomloesse mul ti path channel as well as the traRemiuSk®s/047636

and receiver filtering: h(t) 7 9(t) convolved with

phi (t).[00157] In the descri p%q on above, "sanples" may

be at any arbitrary rate (e.g., twice per chip), but

inderferendiei fepending onnthe pedercdfi ICs 4rl0thb ancdRagenupdbeities. In this

Py i BLaoR GebTeerto TS| Goa Ray ity vt gerforsiance,
[00163]ShownThz Qlcask #9Qbesfndw %ainz%lt?didstg%?g%s' ?cﬁrgt}%b&*ff‘erent logical

In gri nciple, "regenerating” is mm rocess
sibghannigls omacystem that inpenwetst IQ. hThe ghcafiquck ererbbiddeon CDMA

AR Cbh 25 EEDLRR (A Sl cortlied B DRERAD o YSCBMA UL,

aitl @ng@pan.at e menory from FERAM 312 in the receiver
(e.g., twice _per chip). These reconstructed sanples
[00164] 51 ¢~ f Sherelesasiped oteekiqiesg implemenie pewer ainddyain r vl tdre diifferent

Q%tg@%rﬁllsa{sfﬁ% }/X'g%}x’tiv%}yg Igﬁlgr]iggllég] Setaitg%in%.t. oeﬁrg%; O%lﬁ{%@gé? avc\gcgrglsng to the

medstrehpargembhoe inf te@ANbELPAcKes eb10Mtd] SINRCorSintedFence power. The
reformng the transmtted data chips or reformng tﬁe

HBE &5 Vo Ty | reliablenprwer ard @pinpsonten) mechanisor thed , allows fully
Sfiotas O R AL 1 N ERBAA T pon on e

vayioguspeshiegabandnélncor porati ng the effects of the
0016 W rel ess_channel (ﬁhannel estimate) and the .
[00165] ¢ | 5 hsTREqrfeLscs  gancellatiqre r rofirs ¢ &y | FeglovEg ha wesmdbution of logical

subBkRektHGhe fAMEend E%ﬁg@lﬁ gthgr tHose %ﬂﬁdh@:ilull%? g?%ﬂg%e%oﬂgcoded, in

rebuild or reform T no techni ca
@der terrbdutierthninterfarencerangethar sigrels thar wilbbadedoided 1a8td In PIC, the

"reconstruct” for. sanpl es exclusively. Then, a .

B oYl sisnal ds Foeep 21 dhe B1Soqeh deiereiediptlet ieecenstructed
WP tBe ' EH2GAGT EoEhaeN MNiIThC g it
Subcha?mel Gains On Thﬁg %%e?gzﬁ{@n&&nﬁ%ﬁg&eﬁ%moved by
pgaustrpetingrthe respived Szhebetinch thirowgh i60de6ddedMerdion aske BTS.

i nterferen is.a limtin ctor in CDVA )
[00166] ¢ | a_nsém%%t ?ﬁf_ss@??'el?ﬂ g&?omg?fﬁ?{ ﬁ‘g@@i‘”\% pf &’Qd’H]HF Sthehangl Eep in order
101 g athe Seriobirdtel RYBIHEBIROGE (HPYrafld MnAkId fThfeWEr of the traffic
i mprovenents in the achi evabl e t hroughput. This

syhehange] igedated fropilate by aifized factas 7280 sibichrdppeids dorthe pagload type
' f i.th I.C. [00162 t
BUIEIORRAG) Bo0e 1R SBLAT AT IR it pher ¥ Rl By closea

loste powearcconid] ineelidnisen HichithS an MinkPtu®d BiiteY 1088, The inner loop aims
S nchrorle tion and estimation of the transm ssion
A fEehes t e@é% ebthequilotndiardys af a damshedd kel TDRGle EQuter-loop

PR A6to13HEn SR SHE Sl Ho1dMSeeP 7Y for example, based on packet error rate

(PER).
[00167] 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
level of interference, their gain with respect to pilots should be adapted accordingly in
order to provide the desired performance. This section may solve the problem of gain
control for overhead and pilot subchannels, and techniques are described for the
adaptation of T2P which increase the throughput of the system by fully exploiting the
IC.



traffic decoding set-up. Pilot, overhead and traffic
subchannel s have different requirenents on the signal
woaoierrznst er ence plus noise ratio (SINR). | n arCDA2005/047636

system a single power control. may adapt the transmt
power of pilots, while the power of overhead and
traffic subchannels has a fixed gain relative to the
@mm rant Wapameters ilii'léﬂsi'stemmtlm(éd with PIC, OC and

e varlous ubchapnel.s e dlfferent | evel s
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and cdma2000. [00164] The désefi-ded techni ques
i npl epent (Eovver and gain control on different
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[ 00165] I'nterference cance ion refers
sbaharinlst | Bor @ givengiaglohd sthbahahoEhaytiet theeTIr atreRB Gy a factor
g;mpl eg after th&ée subchannel s have been decoded, in

teV o TBeicle RdabHeled refisnde afierotoheatisél @mt@lunmaents By

d.l ater n P t he.trans ted ilot

Lriling S FAORR ool 128 hed iy A maic st plpcnpisnt system,
ﬂl@@l@W%[ﬂé(HfﬁQPuﬁﬂl%_the channel estimate. In TIC or
OC, the interference is renoved by reconstructing the

recei ved subchannel throd@P'=tIRRI¢cogded version at the
BTS. [00166] Current BTS (with no IC) control the
[00170] phower Thsr parpactst IAmP cgmbe qaantiged Edp aiset afifthite or disomé valins (e.g.,

lb e ts in the traffic channel. The

‘gl\ﬂ% '? t%t%aﬂ& i the gpeassiismainal 10¢.¢) ated to p| | ots
b P

1717 STy AL 3 5, 15 T
Hisgeovet thermplo plbt EB‘}}R ghtmiaﬂ néydrop opéat t]a@mpmnm:w?i‘level desired for

t ni smj,ncl udi r. and outer |00

SR i BN k38 pVRLBHRY RRAS i RRpostant Fuenshiening stability
dndcahé Nhi-babgead oE' itieesdvRdr GoheMBdd AbMv 'ré\%rstehﬁ]koﬂi R61-TROReceivers,

évier control changes the threshold | evel
Ans| defineds g the 1serivast signplor InagenefeERQT should stay within a

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

Rise Over Thermal Control
[00172] Ip indicates the power of the signal at the input of the receiver. The cancellation
of interference from the received signal yields a reduction of power. I’ indicates the
average power of the signal at input of the demodulator 304 after IC:
I,)'<1,.



[00167] When ICis perforned at the receiver (FIG 4),
t he adaptation of the subchannel gains may be
woeomiorzisal to the system In fact since eachPCT/US2005/047636

subchannel sees a different s% i nterference,

their gain with respect to pitots should be adapt ed

accordingly in order to provide the desired

gée Velumahde ma?lhesne}’tsmtﬁd (ﬁlrgmrﬂly ﬁsmt-\iﬁl tdmg)lﬁsr aftdr l@ﬂha@fbe%n updated
r. over he a ot .subchannel s, an

Bathn? R Bhen aClin BTt o ROhs SR BPSRAS Hoghe pamhead

Wt chinrieN Ghe 3&ET kisild e esaidned wath rEdRctY %ttﬁf&}g/‘(d HW {Vensure that

epr0|t|ng the IC Inportant Paranmeters in a St'em

with I1C [00168] Two par teds tggﬁ,nay be adj usted

are overhead subchannel QZ maffic to pilot

(T2P) gain. Wien TIC is actlvé t he over head

WB&thﬁﬂ{elﬁﬁgdtﬁ)vi@y be increased (relative to
n-TIC), in order to allow a nore flexible trade-off

[001731bet weHeWeHe, pafft anghwnayeverkead Spbqﬁaomiabelmﬁt Biso from the IC. The

bas ne d i,n current
e R R R —
ufidrl IbEffeciive BOAGS theQaPbetwreRhd GigASINEIRSE 4/ IC and the noise
over head/ pi | ot _subchannel s see the sane Interference

pevat The eiferdive ROF n@wﬁamlbdém& thresholdaiian, ratio
T2P/ G may gi ve satisfactory Erfor mance for both
overhead and traffic qnmnp p@Rbgkwance as well as
pil ot channel estimations. Wgn IC s ‘used, the

terference level is different for the
iﬂ%?%’éﬁalpb?ql theR G may berenpivalgndy stated sap coestraind woddl, wmder the

S’SrsﬁﬁStl&Eth%{ ﬂhle‘ﬂofsglﬂéve}e@(;es%g{ &&Bg?nce of the two types

of s anne grven payl'oad, the nmethod may
| et the T2P decrease by a Izaetjmr) AT2P with respect to
the tabul ated value, in order fo’ satisfy the

WBEH 1 IRy th sighyl thﬂreﬂlol’& &d?rel&? MketoWﬁ' yne T2P

used for a particul ar payload I n t curreff system
Fixed mwrmddugmfl"é@ﬂlgyebl be: T2F= T2P AT2P [00170]
The paraneter A can uantized into a set of
[00174] £ j i { Whep the R@F éncseasey, J@SS . ¢f the piley. and @Bethead dhapnelBYwhich do
S [.OO
Anberent 16 (ARSI 13 u 8 G B e e,

R, towotnpenGtd\Br tlal dfﬂé¢t§the overheddetianBél gaftiany b@?als%li NEther by
E% d. not drop under he mini mum | evel desired f

dy adaptatien fajhe pastiselapsystem eaditign. ( ROT) v
t
v 5 SO L i, 8 AR AL e

Wlélcerﬁspiec’rs to Wﬁubfsg&henmdpmﬁt teehriquesi adagt Yogdhe 1dvB1 of pilot
s%ggh A lanﬂe Z ou for es'éltc:fil%/lse\;vI thin a

T2P

Closed loop control of T2P with fixed A¢= 0 dB

[00176] FIG. 23 illustrates a closed loop power control (PC) for E., and Apzp and fixed
A = 0 dB (block 2308). This first solution for the adaptation of App and Eg
comprises:

[00177] A. Imner and outer loops 2300, 2302 may perform power control in a

conventional manner for the adaptation of E,,. Outer loop 2300 receives target PER and



predeterm ned range to allow for a good

capacity/ coverage tradeoff. Rise Over Thermal Control
wpQebA2208650 | ndi cates the power of the signal aCTISE005/047636

i nput of the receiver. The cancellation of

interference fromthe receivedsignal yields a

reduction of power. lo' indicates the average power of

RS PARA mAdr 1b8PYB0PteckRRs danReid@tros3030hded hithsréd pilot SINR

vThe value of | '0° nmay be neasured fromthe front-eng ‘

sndpliputsdig.er it has been updated with the 1C. Wen IC

is perforned, .the ROT is st jopor.tant, for the
(00178l e adArsLSWc?ﬂalﬂ?Pega}ln ﬁﬂaﬁ‘%‘é@%@?&%@s c/:%?’!’tol?aéls‘ﬁ] ap thy mgasure of
rieSReHohed Mt fdrBices bk Gainl codtrol P30S PestieisuRPROT and measured
<RQOTt hr where N is the noise power. [00173] However,
RQFaff andipetpais ey dhp sersiven edsawrre e Bembrence apmoved by the IC
f t | he decodi ng performance of these
S%}ge%ea%ﬁealdgtlssxqpél ated to the rise over thermal,
[00179]measuItkd Mbt efin Ibe. sehf figCl tieesaROKol Ml bfRsd HrhndIStI0EERA a sector
the signal power after |1 C and the noi se power. The
oeriediedllye ROT may be controlled by a threshold, i.e.,
The ¢ ' ' - )
10018017 0° B0 ePldbafili b R T e R R Bl o 10 0,
e BZP tamvieel cotlsementiyt redbeedast thelqdantift: . thr) - O - 0 >
where . Fixed Overhead Gain Techni qgues [00174] When
the ROT increases, the §I NRléiNtlF\@ il ot and over head
channel s (which do not ézﬁe"fjrot “frgw 1'C) decr eases,
leading to a potential increase in the erasure rate.
[00181]l n or d&e A ovidldngreasdtieolgh the RClogs 230 as:t he over head
channel gains may be raised, either by a fixed val ue
or by adaptation to the particlla; system condition.
[00175] Techni ques are des‘Eripééd Where the gain of the
over head subchannel is fixed with respect to the
[00182]pi | ot The Fatio petopeas €t toexd hahsmie powvdafidr thesistérhewvitlexad without IC
of._ pil ot subchannel and the AT2P for each user. C osed
I“ngebontrol of T2P with fixed Af? = 0 dB [00176] FIG
23 illustrates a closed | ntrol (PC) for
Ecp and A p and fi xed @_—%OR%E%?%ED ,2308) . This
first solution for the adépt@ticohléP)A 2P and Ecp

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

ratio C can be approximated as:

[00183] For the estimation of the effective ROT, the effective ROT changes rapidly due

to both PC and changes in channel conditions. Instead, A,,, reflects slow variations of
the ROT,; Hence, for the choice of A,,, the effective ROT is measured by means of a

long averaging window of the signal afier IC. The averaging window may have a
length at least twice as long as a power control update period.
Closed L.oop Control Of T2P With Fixed A¢> 0 dB

[00184] FIG. 24 is the same as FIG. 23 except the gain control 2306 receives a threshold
effective ROT, and Ag > 0 dB (block 2400). This alternative method for the adaptation
of App is based on the request of having the same cell coverage for both IC and no-IC

systems. The E, distribution is the same in both cases. The effect of IC is twofold on a



conprises: [00177] A. Inner and outer |oops 2300, 2302

may perform power control in a conventional manner for
woOhercadzssat i on of E cp . Quter | oop 2300 recei PEE/US2005/047636
target PER andtraffic PER Ipper |oop 2304 receives a
threshold T 2302 and a rreasul?gd pil ot SINR and outputs

Ecp . [00178] B. A closed I oop gain control (GC) 2306
fidtiaphded s RidaaSP theosighah powenbefor I, If, heillriacersedwith respect to the
interference. The gain c I ves neasu

ST AT AL CEOROTER £O dha R 16 SRS TOoPRP G dae] by PER
o0 o™ g 5 b it B R B o sent WM MK s

ag%tai Js BAGRSS termnals 106 in a sector periodically.
[ 00180] For the adaptation of A 2P, if the

interference after 1Cis rBHuceROT B 1o to lo , the
T2P can be consequent?ryr r—‘e@]cé“d lg—@’ the quantity: A -
70 ROT T2P | 0 ROT [00181] "%he cp];% Il increase

e(éﬁ[%g&wcémoﬁqgi&pp 2304) as: [00182] The ratio
ransmt power for the systemwth
[00185] and WIGh2aillustEates PC foeEEnd Ny Ra8) oxCthe ACK supthannel with fixed
+G+T2 ere G.,i 5.the overhead channel gain. For
OIV%I‘G%A:%’QC e&al%éﬁo{iﬁq%ﬁ‘r espect to G, the ratio C
[00186] CaN %e_%ﬁé@@’fdc{ﬁﬁ@e@%f%srép tebhifts)a Medidel 8FhalF@EmUtAeBTS to the AT,

estimation of effective ROI, the effective ROT i
viteem gl ATsapicdivy thfusamobivedtasP@lan @f dranfem 4 BIShafnalternative

conditions. Instead, A fl s| ow vari af | f
sEREoRTBRd gh AR P ToIoPKE- af e e b athSHolfoBh PE 082504 or
Rt THRATOHEE toopypilbe RUScoRiprided ANEN8VIBOAA504) whistdayuas the £,

the signal after I'C. The averagi ng wi ndow may have a
aremding tat theeskaeld valued, 2802-0Ale gutea lgppvasntiebAiQ0ois directed by the
eua%daet Sttt do'velgegds g\ﬂ)chgl%{%ls%%t.,rtﬂé dga rI!%Pco\A{rBf] (Iﬁkéf Sutfhannel

I
error probability or DRC erasure rate. T, is increased whenever the DRC erasure rate
exceeds a threshold, but is gradually decreased when the DRC erasure rate is below the
threshold.

[00187] The App 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 App is decreased in order to fully exploit the IC process.

Variable overhead gain techniques

[00188] A further optimization of the transceiver can be obtained by adapting not only
App but also the overhead subchannel gains (G overhead) to the IC process. In this
case, an extra feedback signal is needed. The values of Ag can be quantized from 0 dB
t0 0.5 dB.

Interference power-based overhead gain control

[00189] FIG. 26 is similar to FIG. 24 except with overhead GC 2600. A method for GC

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




[00184] FIG 24 is the sane as FIG 23 except the gain
control 2306 receives a threshold effective ROI, and
wWACHrs/002088 (bl ock 2400). This alternative met hedTfuse005/047636
the adaptation of A 2P is baggd on the request of
havi ng the sanme cell coveragé for both IC and no-IC
systens. The Ecp distribution is the sane in both
thig 8%, thEl®, &f dseghedin drerits ptovddeothd same aéll b(btwetgnmf @dsystem with
system i) the signal power .befor [ (Ii
noniGedbe Hend baomels 1 %lhén%r%sﬁgl P%%Io grd (the overhead gain
' S T ead
Coit r%}céé"bf%pgﬁ E%ﬁ%érdo%;tegfé%nEQ qlhilstsgl‘ri%ﬂﬂ?gﬂge f drlgptsatrhe ogerh
dalicbyssetpived: power of the systemwith no IC. AT2P is
adapted as foll ows: g 1l thr T2P ~ ROTeff ACK-based
control of At2P [00185] FLGh 25 fR%ustrates PC for Ecp
and DPP based on the ACK sufftham@r, with fixed
over head subchannel gain (bl ock 2506) [00186] The
[00190] c| osedl; | map WeontroRe® B neigpo nederal fdBe sinae ithis ivgmdd comespond to
t he BTS to the AT, where all ATs receive the sane
deriwaskcths berhbadssubthaTielpowren hiche¥ snlileely &0 behelpful.ve

o 2 R, B b i
2399 P! igf] cpEaé:ﬁer 98Sa &C 1oBH 2600 R/PA Zﬁgﬁesc‘ﬁﬂh& Bbove, an open-

justs 't cp according to a threshofd val ue TO

1889EC D66 it AL Q/ﬁ&eC@ﬁ} {sOincrébdd Wﬁer!étréxeﬁlb @ERJYS ﬁﬁtﬁfe a target
erasure rate of the overhead subchannel s

e andamde@mmdawheroth@)ﬁ%tﬁcbﬁé@mébe @rachrA RIABP 1PY%} of Azp is
era t he DRC
oaBiresHabedind B 110 T RETGRRETCN Y LT

ldRG@ﬁ vmﬁadt(‘;kﬁn@%(ﬁtﬂﬂasure rate |s bel owthe

res [00187] The Anp .is adapt fﬁg
[00192] f or we G- TGRSR 2 vatiptigh of FLGH 28 Wit z@@? P‘ﬁ?f i control
tistics of the ACK and NACK, t he AT can eval uate
hé traffic PER (bl ock 2508) at the BTS. A gain
[00193] cont rBven2®hén dmm@arlmdt@bdmtmﬂr@iﬂ fisc adﬁfedamhb gainontrol of Arp

PER. W t ER h th th Ld, t
08782 DoPRHpRARLIth Griased o9 o3 SRR PHa s Ho B Gt Hhe Eip and
Z(Tzfa Uk J&igtgggd taE% PR $eR¥ DFHTG. 88 Whige BleRiap ﬁﬁ&‘ii of ftl)i/%r overhead

A 2P i's decreased in order to f ul
@tbphamint] gm 2702 ps pcxé@med\thmugb ltlee DRET brasute gatenIn particular, if the

0188],A § t f .t
A et
Wh'én 3heé PR(N6raverhe 3i§i bél%blﬁb gresdbld) dhen §Vdrﬁéa@Vghﬁ1h ea@) ist @adually

the I'C process. In
decreased.

Control Of T2P In A Multi-Sector Multi-Cell Network
[00194] Since the GC of App is performed on a cell level, and an AT 106 may be in

softer hand-off, the various sectors may generate different requests of adaptation. In this
case various options may be considered for the choice of the A;,, request to be sent to

the AT. At a cell level, a method may choose the minimum reduction of T2P, among

those requested by fully loaded sectors, i.e.,
A(cell) — { A(s)

r2p se{loaded sectors} T2p



case, an extra feedback signal is needed. The val ues
of D can be quantized fromO dB to 0.5 dB.

woOnwm@roizsence power - based over head gai n cont r oPCTA81®SP47636
FIG 26 is simlar to FIG 24 _except with overhead GC
2600. A nethod for GC of the 8%erhead subchannel 2600
i s based on the neasured signal power after the IC

)X e . OV
PREL 80578 M5 EEBnLepORIIRE | Tl AP R e
séqatk foaf wiruk Cellkg and@ilsd HChRAAS] vROUWRI crité@iA08 Yehopted. A
overhead gain co ensates for the increased

imatkod e elase thei 4., moktesnondigito thessdayitg sache in weteh taehsure the
ai settin G/<*> ~ ROT thr ' [00190] D
%HV Kg-ﬁ%ﬁ9?¥ﬂ¢a§fuPBV£%Etgo under 0 dB since this

| d t hgad
o015 TSP ERI0E oy S082 R0 B, BYCH ARG TU BB les may oo
gansmdcacdj inpdwding dmnnmuhum;:imemnmmyr feal amengthe iresqueste@ndues

RN R Mk O TN YN
2a31elaear atAﬂ'?ePBT@h ®ased bR Pmb%uféﬁ?é’n?sa%? doWaED q}fe&ﬁ‘fdh So?iﬂbly also

PER is ab ove a target val ue, and 1s decreased
k&wleég@eﬂa tand G' sy GetAo, Whevw(ztxmmlsosmhdulaméd AMREPBTS. With these

Dl 6k SBIBRRP YB3 et o BB b e scces
Z&Iﬂnhd]g;sa}foqu a@co‘!‘dthE'tl on of FI G 26 with DRC-only

overhead gain control 2702. [00193] Even when the
[00197]oy er hdhe cangspisahitrdgsed Arpigin way be pmlwd te RV GRIMAsystempvhich uses

N L —

deditated Iphgsiesl dontrohehsekk I@E—IH?C(EF]HE\ or2@ highbpgeRd tdegicated physical
adaptati o %a% t he overhead subchannel gain 2702 is
h@@e

et PhrVEDM Arsystemaay vs¢ adadiqagad)nhwsical data

i S

EPMH}afonaate is below a threshold, the overhead gal n
2702 ua Iy decreased. | ntrol OF T2P In
00198y ¢ i &Ee%ésaf ?elrcétrayabqe@mga P %@Wﬁ%@@l%@h@@ different

Q{terfdﬁe strﬁctﬁl%ﬁf@é M8 9. A0 trdnsnfil limb §¥Elval ARC1 PsAnd A8 T interval,

be i n
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. '

[00199] 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.

[00200] Specific deéoding orders described herein may correspond to an order for
demodulating and decoding. Re-decoding a packet should be from re-demodulation
because the process of demodulating a packet from the FERAM 312 translates the
interference cancellation into a better decoder input.

[00201] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



softer hand-off, the various sectors may generate
different requests of adaptation, hi this case various
wopbticonzseay be considered for the choice of tReTMS285/047636

request to be sent to the AT, At a cell level, a
met hod may choose the mni murd reducti on of T2P, anong
t hose requested by fully | oaded sectors, i.e., D= mx

[00202] {D } Thofé ondell medkairsvohkir fuihsr bherediT@Rhrethei vaubyllustrative
the sector s. The AT, ma%{ uest s

1916 ChanksoUSIEN (i 0 PLEGTICNM STFPS CESEDE U Prigigion with the
efdiobifthdris gﬁglé)?e% ﬂ&ﬁxﬂtﬁgy bé ifplARdidiB% QBARNE: hit8wArk? Bomputer

correspon to the serving sect or in or d(_er _t 0 ensure
sbit@arestr cozhbindiloas adinbathi cAbi dearly iliusirate {hd0 iigsichamgeability of

B R B e b, g s,

SR AT dEGheATRER fehBrallg Gy BFing Of HidlrURfctidn@RY 8Y hether such
e Inportant aspect is for the nobiles to use T2P =

fiaRionallypis intyderaented sis cdrdwingt erd seftwarh edepPsishspen th particular

SRR sA o0 6P oy piposh 0L AR Nl Sstiteq s may
iRl ik iRd d@kribdie filBdfonalily th V4r9me We)st for badi pdricular application,

cal cul ated at the BTS, the% are broadcast by each BTS
tuo sedhl intphementaisnglecisions szaudd nojrhs ipteaeted @ epugings departure from
00197 he cong. . di scl osed herein may be applied
t{l%scé’ _ P§§F§P€‘§1%f§}%’gz:h uses over head channel s such
[00203] a5 a Uadiwaibes iMysiicallogoslt blokks habdalks, (&MCCHyitsadescribed in

enhanced dedi cat ed_ physical control channel (E-DP ,
eonmectiongritls Heeembpeimenis disclpngd hergm wak Pd}npaga%ﬁm oF performed
5B B USSP 8F R AR RS9 sppication
%ﬂﬁﬁﬁ Getgthesi ciatuitd(ABTCY; & dleld atepratanablel gatEDPRCKIPGA) or other
ormat. [00198] . The di scl osed herejn r e.applied to
mwmmabiﬁ dREuiEYIce nBsETR G| R dORr @‘&SFIF?%S‘}MWG
25 ifhdiod {HEReo! - o9l described
CfeneRpCol ! COpEMor Rt LBl PO IS fpatng dci
leaneins Ubganardl pnrpose/proeessonthiybe & thicroprpgeason hat iprtherpliemative, the
subpacket s gf gackets th have different transmit tat
PRS0 P8y, B SV [ G5BT GJonD PIOFFEoty Rl T iRplroigy or state
%@cﬁﬁ@t RYpBBRs@ nia)! Bsd! $8T Snplémélited @89S cOMBinaAtioRvf computing
-DO Release O forimat or an EV-DO Revision A format.
d30@80]e. Speridombinpsiondphga oPERr endiex cricsRIOFssas; A rjyrality of

correspond to an order. f . ; ) }
mMICrOprocessors, oneaor rgor%emlcro%ﬁﬂocessors in conjunction with a DSP core, or any

other such configuration.

[00204] The steps of a method or algorithm described in connection with- the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium. A storage medium is coupled to the processor such that the
processor may read information from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor. The processor and

the storage medium may reside in an ASIC. The ASIC may reside in a user terminal.



denodul ati ng and decodi ng. Re-decodi ng a packet should
be from re-denodul ati on because the process of

wdenwdat®mti ng a packet fromthe FERAM 312 tran8Catus2005/047636
the interference cancellatiogginto a better decoder
I nput. [00201] Those of skill’"in the art woul d
understand that information and signals may be
heice sledth@tyel shé) prédeysonf aml War swkygeotnediuini ansntreside as discrete
technol ogi es and techni ques. For exanpl e, data,
qornonERiS iTbh yser éFFveMds, | nformation, signals, bits,

[00205] Synbo%ﬁadiﬁgéj o0 !iﬁ)ctﬁu&elaaﬁe fRerdiGERIL S Aot NEORIRRMing certain
t he above description my be represented by voltages,
seuiisesnt Ehese heatingsrae net intendad &slimiteieetape dfitk¢ dencepts described

articles, optical fields or partij.cles, .or any .
e vaderomd Wesoernopelo 6] hak GpREAbIL; iR other serfieng froughout
tﬁ@%ﬁefsﬂﬁiﬁ Lo@PpPreciate that the various illustrative
ogl cal ocks, nodules, circuits, and al gorithm steps
[00206] des cr Theegtevious desagptiornoof the tisclobrsl embtnsliinemss issprdiided tssendble any

herein. A i nmpl enent ed el ect.;r.oni c. hardwar e . .

R Ao T B0 TBRE RO S PIAG B1erighn ¥ ARgus agifeptions t
thbdeUshbctiehtd ivilll ot @adiRadparat kd thos@tkillad dvBieearfREd the generic
software, various illustrative conponents, bl ocks, .
prodtiplesdefuied herein magrhg appbedtoheiher galeadinests witheut depetting from

enerally in terms of .thei tional i . t
RO e o by i PE BB oA fpFtended 1o be
safttdas ahé epeivdEneROBhée Heddid iyl iarto aep hécwadddotheatwillest scope
design constraints inposed on the overall system

wisisfeatiwith thesprinsiples andpevelfsptures disclpsed hensiy
functy ' ' t&lg ways for each particul ar
[00207] appl i ?ﬁ?@%@%&@‘%@m enment ati on deci si ons shoul d
not be interpreted as causing a departure fromthe
scope of the present invention. [00203] The vari ous
illustrative |ogical blocks, nodules, and circuits
descri bed in connection wth the enbodi nents di scl osed
herein may be inplenented or perfornmed with a genera
pur pose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
progranmabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any
conbi nation thereof designed to performthe functions
descri bed herein. A general purpose processor nmay be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m crocontrol l er, or state machine. A processor may
al so be inplenented as a conbi nati on of conputing
devices, e.g., a conbination of a DSP and a
m croprocessor, a plurality of m croprocessors, one or
nore m croprocessors in conjunction with a DSP core,
or any




ot her such configuration. [00204] The steps of a

nmet hod or al gorithm described in connection with the
wentmdzmsat s di scl osed herein may be enbodi ed #CTASRIOF/047636

in hardware, in a software nodul e executed by a

processor, or in a conbinatio¥ of the two. A software

nodul e may reside in RAM nenory, flash nenory, ROM

menory, EPROM nenory, EEPR@N. AEVIRrY, registers, hard

di sk, a renovable disk, a CO-ROM or any other form of

storage nedium A storage nediumis coupled to the

pracessor,..such that. th I 0OCLSSQ read i nformation
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the processor. The processor and the storage nmedi um
aecgsttegnimalsi n an ASIC. The ASIC may reside in a user

term nal . t er i C e

st or agi e aeGodeT AR hEe of M BORCRE SRR e i
fasie of dataised frorh Q3RESrouedtbne 98 nr€addess tedridalRer ei n

for reference and to aid in |ocating certain sections.

Theselfifbadrsh fameaf datgds porresHy dacadsd supiractingdhe degadedfirst frame

%ﬁﬁlﬁ@?&ﬁ&fémﬁﬁépribed therein under, and these

concept's may havé applicability in other sections ‘

t hr oughanptiigte deodderaesespatirime af dava froflihia GtofedTdaenples, the second
revi qus description of the disclosed enbodi nents is

BIFiod g tarsgn Iaée%f’r’i‘§1 %@%Ps%fr?ngm FIEEa7575% fgEnigals; ¢ o
ke OfhdS@ohd Braflc@T R a i& BRI QBcod¥ar duBHicting the decoded second
modi fications to these enbodi nents will be rgadl 'y
dpperfom thestarbd senplks;lahéd in the art, and the generic

principl es.defined hegein .be applied to of her

enbodf %ng/\‘:iotdg?%ﬂe ao‘érﬂﬁ? f}{;ﬁéﬂ?& B‘i‘r’?rlgﬁlé’uglﬁid%?‘f&eor scope

of the invention. Thus, the present invention is not

intended to be limted to the enbodi ments shown herein

but2.i $he methwdafddpigred, furfbendonpsisingdepodulating tredirst andtsacond
he grinciples and novel features disclosed herein.

F%%f 7] WHAT IS CLAIMED | S: CLAIMS 1. A nethod to

reduce interference, the nethod conprising: storing

sanples of data frames transmtted asynchronously from

a B}) ulhp mefhagfofddeias &, fuether cegipsisingiselepting ere Qranere @erss

B PR DA S S LS B LA 0 it

e frsegoass termnals; if the first frane of data is
correctly decoded, subtracting the decoded first frane
fromthe stored sanples;

4. A method to reduce interference, the method comprising:

%)

=

storing time-interlaced subpackets received from a plurality of access terminals,
each subpacket corresponding to an encoded data packet;

attempting to decode a first data packet using one or more stored, time-
interlaced subpackets;

if attempting to decode the first packet is successful, reconstructing one or more
subpackets corresponding to the first packet;

subtracting the reconstructed subpackets from the stored time-interlaced
subpackets; and

attempting to decode a second packet using one or more stored, time-

interlaced subpackets.



attenpting to decode a second frame of data fromthe
stored sanples, the second frane of data sent froma
weeswnd2036 oup of one or nore access term nal s; PCIT/USh®5/047636
second frane of data is corr 8t|y decoded, subtracting
t he decoded second frane fromthe stored sanples; and
attenpting to decode a frane that failed to previously
decode. 2. The method of Claim1, further conprising
denodul ating the first_and second frames. 3. The

o8 SHPegnetE e eI VP B BRI ST SEP RPTaHE
crgﬁ{gisgsgcess term nal s having a conmmuni cati on
characteristic different than other access term nals
as t hmcbding thedirsiymckes; anl net hod to reduce

interference, the hod c rising: storing
ti ne-m?f{‘ﬁ?‘t}n&ctgﬁe%‘i?ggéa*gﬂsg%&%gcei ved froma plurality
of access term nals, each subpacket corresponding to

an encoded data packet; attenpting to decode a first
data Pmokethodief Glyiro defugthenenmaprisingied, ti neinterl aced

subpagckets: .if attenpting t ecode £l St .
DSBSl oL OB ABelRsHIFRLG R 0 LBl OB v
GQf $538 RORhEWcdriespdifig 1o firbPadseds terdifdly 4wl i ng the
reconstructed subpackets fromthe stored

t i me-demagiulating @ne obBarkebBackssoreIRoREIEY theseaudnaskef with a
SRR Ehod T Bt R MR frmdd T 1 o1 2

reconstructing one or nore subpackets conpri ses:

encodi ng the first packet; and_nodul ating the encaded

fi st Thraertapd ofClaime, fiatieh eorapn@%ﬁlmuitﬁn?g%lﬁ Yaterpting fo decode
5 b gk L BErARG oPhcdBW BmiARACket s

%ggggs gﬁ%Fﬁggggﬂt(gg?ngt ggc %t wth a first code

sequence corresponding to a first access termnal; and

denodul ati ng,o Qr re subpackets cort ndi.ng,.t o
t h&- S"g%wamﬁgeg &al% oL g@gnlasqg 2 ae@ugléthag@ﬁ%@oduﬂhng and
aek %@1@ g(? géa&)ﬂe ta%}llﬁ'aﬁt?%? AIRECRABTb R aPlinality of acddi§ terminals.

ne alm4, fturther conprising sinultaneously
attenpting to decode

-

9. The method of Claim 4, further comprising selecting an access terminal having a
higher traffic transmit power than other access terminals as a first access terminal to

demodulate and attempt to decode a packet.

10. The method of Claim 4, further comprising selecting an access terminal having a
larger payload than other access terminals as a first access terminal to demodulate and

attempt to decode a packet.

11. The method of Claim 4, further comprising selecting an access terminal having a
higher signal-to-interference-and-noise-ratio (SINR) than other access terminals as a

first access terminal to demodulate and attempt to decode a packet.

12. The method of Claim 4, further comprising selecting an access terminal having
an older undecoded packet compared to packets of other access terminals as a first

access terminal to demodulate and attempt to decode a packet.



a plurality of packets sent froma plurality of access
termnals. 8 The nethod of Claim4, further

woaopra7sisng sequenti al ly denodul ati ng and att eRpTiUSZ05047636
decode a plurality of packetﬁ sent froma plurality of
access termnals. 9. The net %d of Claimd4, further
conprising selecting an access term nal having a
hi gher traffic transmt power than other access
termnpals as a first access term ng}t t o, denodul at e and

at Ve mehebelddany 4 puERe: compisngnaltsrsthigertge g igpapsyucted
s{usq A R&E ﬁ%ﬁﬂlﬂ% 'st%k&igt RE krﬁ@r&dc@& shaBEGE %%m%ﬁﬁﬁﬁhﬁ‘g’lﬁndqﬁé&rﬁﬁmg to

arger pay oad t an ot her access term nals as a
detadsta third @asket esing oad ort ooxteiophckets éroanmeatdr@’@mﬁmeﬂaced

siecofe. 2. Packet ) A e, FELIOd Ol Lol M oLyt her

hi gher signal -to-interference-and-noi se rati o (SINR)
than other access termnals as a first access termn nal
t ol4i dibedudthodof{ldinat @rther compisingdteratiyehicdemodvlging Pnd

oferontls Rty bR B AR i acker

conpared to packets of other access termnals as a
first access termnal to denodul ate and attenpt to
detdddeangtheked Clagn 4;Tietheeqommgissie: O ai m 4, furt her
conprj. f
mpt g RS RHELERE PN SSRGSy o
teteifpate ired bngerd ficheaddtenpt i ng to decode a third packet
usi ng one or_ nore subpackets fromthe stored
ti metrennstvcigdlisueisadiiby decodpdsubppeketyhaiiermipateny the current
%rme pusly unsuccessful in decoding. 14. The nethod of
alm4, further conprising iteratively denodul ating
and a;ubtea'qnm?,ml@ fecordtractde pubpavkatsfbm the stumdesab;basnkbty, and

TR T T AT R

FEARAimEkopf access termnals that termnate in a
current tinme slot; reconstructing all successfully
decoded subpackets that termnate in the current tine

subt e const ruct ed subpackets from
g(t’& %@B%Q@E’érfls M i ng to denodul ate
an d %@%ﬁn@t&&&@@&iﬂ?ﬁu@ﬁ&eﬁf Rht BIMELEPEHf tPedserthinals that

previous tine s|ot. . The nethod of Claim4, further
t@mnpatesmaagurr@‘ttth@mﬂkﬂhg to decode all subpackets sent

fro mrgcosr’x%%ru& Cs%csz’cs’eséfﬁﬁy d@c%ldéd g\'ﬁ)a ackets that terminate in the current

time slot;
subtracting the reconstructed subpackets from the stored subpackets; and
attempting to demodulate and decode a third data packet before all subpackets

corresponding to that third data packet have been stored.

17. The method of Claim 4, further comprising providing Hybrid Automatic Repeat
Request (H-ARQ) to the access terminals.

18. The method of Claim 4, further comprising receiving subpackets which were

transmitted asynchronously from a plurality of access terminals.



termnate in a current tinme slot; reconstructing all
successful ly decoded subpackets that term nate in the
worore@2086i ne sl ot; subtracting the reconstrucPed/us2005/047636
subpackets fromthe stored sg?packets; and attenpting

to denodul ate and decode a thfrd data packet before

al | subpackets corresponding to that third data packet
haye D8R sthidh@mpdiding:The method of Caim4, further
conpri sing providing Hybrid Autonmatic Repeat Requyest
( H ARGontend meenagry eerfiguapdioFigre samples § Té‘%ﬁ'élﬁtﬁ%c(iaﬁlgnals

d ai f Il Sl ecei vi ng subpackets which
rﬁ%eﬁ‘éer&]tﬁldéﬁgﬁ‘ix?@% °§§§%€%‘%§ﬁ%ﬂ§r y froma plurality of

ac c e sSdengydnlated cdonfifured tddeseodiat therstarodpanslengsinga first code

front-end nmenpry configured ta store sanples of

SEQUABCE POIEISPARERS &y 3t ACCRBIEYBA from a plural ity of
access;d eh i aaks, ibAiUa@s el Qamples;

g R i

s equengeostuciapaitiandigieddo fiser @cogagk@g@,tqr@mﬁsﬁmt;engoded and
decader conlfi gured to decode data fromthe denodul ated
medriried sampleg@8dst r uct i on unit configured to use

decoded Hat@r EshAREQANS ibtfdct RRGAMRGcARMMPIRE fload B samples
sanpl es; and a subtracter configured to subtract

stered s thedirné dnd areplosy tof tedwnctinterferenps s the dacederitp syhsequently
front-end nepory to reduce interference for the
@@8@%@13?‘8%%%%’&?92%?} *tecode data from the stored

sanpl es. 20. The base station of Caim19, further

conprising an error detection unit to detect if the.

de@0dEhe base siation 9f Gl daftatercommininga FErrdipetenipit o detect
es. 21. The.Db ' ' t her

S Elon TR BR SO LSt A B

denodul ated synbol s of data denodul ated from sanpl es

stored in the frond-end nenpry. 22, . The base station fioured
of 244 Bhebase stafipe PECHIMAE, L eHEPTHEHDE Qa&Wégem"ry conhigure
epodul L e frond-end
e R RS R S

peAry does not span all subpackets. 23. The base

station of Caim19, wherein the front-end nenory is
configured to store a plurality of slots of sanples of

si gRakfR. LAGeINRY of CRME 1P WHERKH thY baék-8EMemory stores demodulated

symbols of subpackets that are no longer stored in the front-end memory when the

front-end memory does not span all subpackets.

23. The base station of Claim 19, wherein the front-end memory is configured to
store a plurality of slots of samples of signals received from a plurality of access

terminals operating with Hybrid Automatic Repeat Request (H-ARQ).

24. The base station of Claim 19, wherein the demodulator is configured to
demodulate and the decoder is configured to iteratively decode unsuccessfully decoded

packets.



termnals operating with Hybrid Automatic Repeat

Request (H ARQ . 24. The base station of Caim 19,
wohere@7zost he denodul ator is configured to denpairase00s/047636

and the decoder is configureg to iteratively decode

unsuccessful |y decoded packe %.25. The base station of

Claim19, wherein the front-end nenory has a |l ength

t h24. Thedase Aatidnnas Glain 09) viliepein shebfegyitrenid mapnodry da$ & tesigth that

subpacket of a packet to nd of | ast subpacket .0
SPE AR Berioc o RS G QP oHOBICel Ottt o i At  last

- nory has a length that span |ess than
Sgﬁlﬁaﬁf(%tq}gg% et.&‘;?. The base station of O aim19,

wherein the front-end nenory has a |l ength that spans a
ti eriod from a beginning .of a.suybpacket of a

pathdheSeH AP HIAR L TREE e TOaC AT hepa longth that

s?%?i%@étha@§ful?;g§ck@ﬁse station of Claim25, wherein the
ront-end nenory has a | ength of about 40 slots. 29.

The base station of Claim19, wherein the base station

IS figured.to cei d .proces 000 ,si I

;3 e dai oA o TR L AST e 4R ek tha
sphud dWirh8 peNBIEAr6in': BR@ndaser Sdubbidket o e FaeRét t04h@dd boa
receive gnd rocess CDVA Evol u%)i on Dat%QQJti m zed
stbseqpent sFepacketod the pAckefal s from t he access terninals.

31. The base station of Caim19, wherein the base
station is configured to receive and process W deband
CDMS THAG M tatsdrgoRClairh 26 wWhéreinake font-dndrmémadyshas 32ength of
The base station of Claim19, wherein the front-end
abéﬁb‘i%lméermdul ator, and subtracter are configured to
span one or nore subpackets of packets that have
different transmt tine intervals. 33. The base

st api The ke GhtidrmoflClainai 8y whereinhike basostationds comfmgnzed to receive

denodul at or subtracter are conf.igured to span
AFrIEOCSEH QM‘SO%ﬁg@E P e SR P t t i e

i nterval packets than subpackets of 10 mlliseconds
transmt tine interval packets.34. The base station of
d aDrTHechasewstetien of Clhen H4swhetiatthobase station iy epmfigured do receive

{n@?g%%% gB?VLR ‘Brofition Data E‘}{mlljz\éds(t%bi Rfe\rfiglrcr)]nté{1 gigﬁé:[(s: 3t the

access terminals.

31. The base station of Claim 19, wherein the base station is configured to receive
and process Wideband CDMA (WCDMA) signals from the access terminals.

32. The base station of Claim 19, wherein the front-end memory, demodulator, and
subtractor are configured to span one or more subpackets of packets that have different

transmit time intervals.

33. The base station of Claim 19, wherein the front-end memory, demodulator, and
subtractor are configured to span more subpackets of 2 milliseconds transmit time

interval packets than subpackets of 10 milliseconds transmit time interval packets.
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34. The base station of Claim 19, wherein the base station is configured to receive

and process CDMA EV-DV signals from the access terminals.



