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[0004] Generally, a w r BASKGROUND e- access
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[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so forth. These systems may
be multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal
frequency division multiple access (OFDMA) systems.

[0004] Generally, a wireless multiple-access communication system can
concurrently support communication for multiple wireless terminals that communicate
with one or more base stations via transmissions on forward and reverse links. The
forward link (or downlink) refers to the communication link from the base stations to
the terminals, and the reverse link (or uplink) refers to the communication link from the

terminals to the base stations. This communication link may be established via a single-

in-single-out, multiple-in-signal-out or a multiple-in-multiple-out (MIMO) system.



single-out, nultiple-in-signal-out or a
multiple-in-nmultiple-out (MM) system[0005] A M MO
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multiple (NR) receive antennas for data transm ssion.

A M MO channel formed by the NT transmit and NR
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s B¢ berradted Yront ARitiHleBele Qitidnk 8 WesiceLsreh @ from multiple sectors
transmtti ng pilot signals is limted. Thus, other

Fomuz giyer bpssiationo| Seeh signal Arpsssiopniiem thesgrranlsplertemmsmission
Qdurée%r(ﬁf‘t‘ ?r?erétﬁﬁﬂl UWh %"ﬂ% SECHRLS @Ec%a}l{s%%v%tt?e% AFevised to
ogona ﬁ] ere eacH
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Utilizing this schene, processing.for a single sector
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I nter nce. Concurre vector proces

utlhénsdlummsehaye dvelyed. In another case, signals from different base stations or
sectors are transmitted as an orthogonal sequence of three vectors, where each vector
represents a different base station or sector. Utilizing this scheme, processing for a
single sector requires processing all three vectors concurrently in order to cancel out the
effects of cross channel interference. Concurrent vector processing unfortunately does
not provide the desired detailed channel estimate information for any particular sector or
base station since the computation is an amalgam derived from three sectors. Thus, it
would be desirable to be able to mitigate interference between differing sectors and

stations while being able to analyze a particular sector or station from other sources in

order to effectively perform channel estimation.



not provide the desired detail ed channel estimate
information for any particul ar sector or base station
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sectors. Thus, it would be deS|rabIe to be able to
mtigate interference between3 differing sectors and
stations while being able to analyze a particul ar
sector or station fromother sources in order to
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mtigating the effects of co- channel i nterference.

fvé}dqe]mgﬂémgﬁl@ dexctrrficosthamil ierferaRect or egoi ng and
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i bed herern in onnectlon W t oW ng
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%reeanlnggeldc altralvxxggs h%ﬁeveegspegtfs a?g t1n cgtg\év %Wg\be? of but a few of the
various ways in which the principles of the claimed subject matter may be employed
and the claimed subject matter is intended to include all such aspects and their
equivalents. Other advantages and novel features may become apparent from the

following detailed description when considered in conjunction with the drawings.



vari ous ways in which the principles of the clained
subject matter may be enpl oyed and the cl ai ned subj ect
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their equivalents. O her advantages and novel features
may become apparent fromthe flol I owi ng detail ed
description when considered in conjunction with the

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] FIG

1 is a high |BREEF DESKRIFEHONODTHE PRAWINGSat i s
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nmet hodol ogy. [0013] FIG 3 1s an exanpl e di agram of
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A3 o 1 BXbet f i sptnat Rl AEPRSRN S U5 et dF e base

ithfigitorat@srsan exanpl e | ogi cal nodul e for channel
estimation. [0016] FIG 9 illustrates an exanple
W ALini cat F 4ppdhatratc exemplanpriogut divgrared to perform channel

es%tnilartrlahi on. [0017] FIGS. 10 and 11 illustrate exanple
gomyunicat i ons systens that can be enployed with

feaspel esrFiGHE illastraaymaenipse loPtdAhbdR: RESERHRT tétihation.
Lq%OlS] Systens and nethods are provided to facilitate
Afhel  esFlGra ildstiates tamecsimpde seRNBMIGAHPRT PRit9r4Es that employs

Li.AnsMssskog, sources. In an aspect, a nethod for a
W reless conmuni cation systemis provided. The net hod

[08a7pdes | BHhStliOnandal Isélustodte pkdmople Sboinainscatiodesydtehtsethat can be

il Otgii ggaLs a[e associated with nultiple base
BOyeh Yt Chafnct PHINRLQR COPPENGES- a si ngl e base stati on.

This includes nulling a subset of the pilot signals to
mtigate cochannel interference and to perform channel

estimati on i n accor ®CARIMLD DESCRBAEEKONNne of the

i | signals. [0019] .Fyrthernore, varioys aspects. ar.e .
BloBE  bed "R TR RE B i 9 ey BHR R ffinaion in te
pREACBAS iGRIfcAhS Aral®mIsSiba o8t 0 1ASandap¥&t @MnctBod IBF a wircless
devi ce, a subscriber unit, subscriber station, nobile

eamamupisatigrphisicar devedded. réponethed clusles isplagipg @ set of pilot signals,
PO SRR SRR R ABb s o
single base station. This includes nulling a subset of the pilot signals to mitigate co-
channel interference and to perform channel estimation in accordance with at least one
of the pilot signals.

[0019] Furthermore, various aspects are described herein in connection with a
terminal. A terminal can also be referred to as a system, a user device, a subscriber unit,
subscriber station, mobile station, mobile device, remote station, remote terminal, access
terminal, user terminal, user agent, or user equipment. A user device can be a cellular
telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a wircless
local loop (WLL) station, a PDA, a handheld device having wireless connection
capability, a module within a terminal, a card that can be attached to or integrated within
a host device (e.g., a PCMCIA card) or other processing device connected to a wireless
modem.

[0020] Moreover, aspects of the claimed subject matter may be implemented as

a method, apparatus, or article of manufacture using standard programming and/or



t el ephone, a cordl ess tel ephone, a Session Initiation
Protocol (SIP) phone, a wireless |local |oop (WL)
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connection capability, a nodule within a termnal, a

card that can be attached to ér integrated within a

host device (e.g., a PCMCI A card) or other processing
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thope HsedeAdiepsakng gl Teeciying veigegnaib oy Ekaccrssined pefwrork such as a
cel?ular’/i\%g)l/(;ﬂ(or@fl é0¥15§e, th%g? Wifle dpbﬁl AR %ﬁexglll%gggnﬁﬁ%aﬁ modifications
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desed C18- network such as a cellular network. O

dipe. thRSRSY 1'1(1\)@% F ﬁhz?sﬁfetm Wb 18S9 AR B hation for a
nmodi i cations may be ma e tO this Conf|gurat|0n

vwmlhwnntcamﬁp amviragmeéntonT hheysswo g80 growepés ¢ffectife whatnel sstimation

G5 PRGN U L2 OB Mg o o

MU@@hb@mfbeWI I QB RS prJd%@su&g/ %bﬁﬁbﬁ&@s I%rﬁwéﬂe%ntlgates or
effect i ve channel estimation for a
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cr ssor 130. [0022] nnel es tion processor .
Elg’% Srﬁﬂ PP} 4 B nql &1;} ntages o c annel eStimation.  Nulling

components 150 are provided to mitigate, cancel, or reduce effects of co-channel
interference or other data that is not involved in channel estimation. It is noted that as
used herein that nulling can include zeroing data, subtracting values, dividing values, or
substantially any operation that reduces, minimizes, or mitigates the magnitude or other
data value of an interfering source as will be described in more detail below. After
extrancous data values or noise sources have been isolated and minimized, time and/or
frequency domain channel estimates 160 are determined by the channel estimation

Proccessor.



140 such as Fast Fourier Transforms (FFT) of I|nverse

Di screte Fourier Transfornms (IDFT) to process various
wer@aal®sand stages of channel estimation. Nul PETHS2008/058509

conmponents 150 are provided to mtigate, cancel, or

reduce effects of co-channel Pnterference or ot her

data that is not involved in channel estimation. It is

noted that as used herein that nulling can include
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same cell. However, a careful channel eStimation algorithm design is employed at
receiver in order to capitalize this capability. This is particularly hard for a channel with
long delay spread. The system 100 can suppress co-channel interference effectively and
yet is also able to process long channel delay spread.

[0026] In one aspect, first convert a receiver pilot signal in frequency to time
domain. This provides a simple a mechanism for suppression of co-channel
interference, even with long delay spread. When co-channel interference is suppressed
via a simple operation in time domain, the channel estimation is transformed back to

frequency domain for further frequency domain processing (e.g., data demodulation,

and so forth).
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respective signals. [0025] The pilot signal of Long
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bhenyf @hdrgiifony(i.6 ¢ go dospesadirg)., 111 this cas{: lona cauld]carrly longan FFT of the
2,a] where a is a conplex nth unit root (nF3 in ouf

agkyigngl @@29]11%@6 i E1CR DAk ar{dﬁherpm%fé CHESHpY@Y £ tone, which
every kth tone (k=6 in this exa t he_above i s
@&lﬂcwl%by ths m@r 1 Nﬁ¥ty FHYY @W@npﬁ’m {5 SeEe N iniomset 1he téme domain

SoneicntnSeraiusdesMithatt e raking B hg domen g would
PLRSABGE 40hy ANCoRTISty Ok 02/ £ whag despy eadi ng).

n thrs’ case one could carry out an FFT of’”t he input
nal resulting in NBWtones in-band and then could
gn,ggphct evOpycqr ebsaee Wpg effer this processing, the other two pilots would

show up at channel tap points beginning at L/m and 2L/m, respectively. With the
long delay spread, the pilots would be cyclically wrapped around in addition creating an
alias. But, if it is assumed that for each pilot the delay spread is less than L/m, then an

ML pilot estimate can be generated for all three pilots very easily:
[0031] Generally, one can time window the channel taps so that the time domain
estimates ¢, ¢,, ¢, for the three pilots, before going back to the frequency domain is as

follows:

{cl. 0<i<L/m

0 otherwise

. G 0Si<L/m
Cri =

0 otherwise



are occupied by the pilot. Next, carry out an NBWIk

point DFT to get the tinme domain channel response
wegisies2 Wth ideal time tracking, the tinme PONEBIV08/058509

estimate woul d yield the C delay tap coefficients for

0 <i <L - 1 where L =NBW Ik & [0030] On can observe

that after this processing, the other two pilots would

show up at channel tap points beginning t LImand 2LIm

, respectiv MﬂijththQJhpng del ay spread, the pilots

woul d beteyal a%apfed around in addition

creating an Ilas Bt is assuned that for each

pilot the delay spread is Iess than LIm, then an ML

{033} est i hisexppamches glatreumtiédha‘ delaybpreachrselenid to be less than

ea Gener one.ca wi nd
Vb treF e g los g o e it (Sl Y b el R s not the
€adcft@En GBI &H’uﬂﬁtt@édnﬂies%lvé?ﬁfs%ﬂo@@ ng back to the
frequency domain is as follows:/ m[0032] This
approach is optinumif ;he del ay spread is known to be
| ess thq@ \ read corresponding to
t he or|g|nakap+bé1L§pac%ngML#a his is not the case,
then an ML estimate can be given as follows: ¢ -s 2 2
~~ 2,i-Llnk ~~ 3,i-2L1 nk + G+L Ink ' s 2,i 2 2 +LI
mk <J 2,4 <J 3, |-Lkam+°@z+2Llnk ''s 3,i 229 +2L1 nk
~~ 2, |+L2nk dz g hl&pewgz t+b§ the esti mate channe
tap power for” p| ot n at ééTay I . sl could be
estimated, for exanple, as sn 2 =PSDpl/2o0t n e |"
wher e XnAls t he deGay, .t a€f.or associated with an
assuned @xponent | el a r profile for sector
(pilot) n. ??“”@maﬁfgéVF é?ghf%ﬁb estimate Xn but some

a priori stored '
where o, ; is the estimate channel tap power for pilot » at delay 7.

2 : 2 —A i
o, ; could be estimated, for example, as o, = PSD,,,, ,-e ™

n,i

where A, is the decay factor associated with an assumed exponential delay spread
profile for sector (pilot) n. It is not efficient to estimate A but some a priori stored

estimate might suffice. There are alternate methods to estimate O'i . as well.

[0033] The advantages of the time domain pilot separation method are the

following: Simpler implementation, since the extra step of initial despreading is

avoided; Potentially optimum performance if suitable estimates are usedO' ; Since

despreading is performed further down the processing chain, more information can be
used for optimum time windowing, and since all three pilots can be processed with

common initial stages; the pilot separation is simply performed by the time windowing.

[0034] It is noted that pilot CDM multiplexing can also be carried out in the
time domain, in other words, time domain spreading sequences can be used instead of
frequency domain spreading sequences. The equivalent pilot separation method would

imply a sync time domain interpolation, or equivalently, frequency domain windowing



estimate m ght suffice. There are alternate nethods to
estimate sn 2 as well. [0033] The advantages of the

WO pov8/1tofni N pi |l ot separati on nmethod are the fRCT/O82008/058509
Sinpl er inplenentation, since the extra step of
initial despreading is avoided; Potentially optinum
performance if suitable estimtes are used sl : ;
Si nce despreading is perforned further down the
pr ecégdsingg Thaicondition doi filcquanay | domai@wibéowisg dtof by the optimum

timm ti ) ndowi ng, and sipce all three pilots can

g p&%ﬁl&l&é@%&ﬁwﬁw&a%w%ll?mg: stages; the pilot
separation is sinply perfornmed by the time w ndow ng.
[ 0034] Ié i57 ngtﬂthat pi |l ot CDM nul ti pl exing can
al so be ¢¥tf'ed put in the tinme domain, in other
words, time domai i spreadi ng sequences can be used
i nstead of frequency domai n spreadi ng sequences. The '
whericvalsageingh sembeipmalpisdrDMes dbc wind erspurpe Ylogksandc?, is the
time donmmin interpolation, or equivalently, frequency
pidetesly bl sPdoing mig bmewEpyerantde, WITSIET cortdimsand fer2, the maximum
frequency domain wi ndow ng to be the optinmm
supDprehbiEig vy hisd 3P kmitinaheasHzdante. f ol | ow ng:
Doppl er < nifp where mis again the nunber of pilots
[MDBFE i n t Maths atoee rcespiuxc essbimptibus amdhd Daoppldrhgovpdr] Qiectrum in

Lol i bl BB £ BORDE JRFloged tpuf dhis T not & very
gﬁgﬁ{fﬂ RedArib N8n %ﬁ§%’ I?I?Iﬂgre hP 3R sLER f¥PI %o 60BRhEFonalized in

ssunptions on the Doppl er power spectrumin
fhegque domaing rendt cagersallyetatter ta henDEN wstaiynaamifems rather than

A RS e P B RGeS ©

orthogonalized in the tinme domain, then it is ) ) )
W6k al |y Destreplificd piat peIprawliegraprreashsies ndeserlader which is

PR S0P BRSO o BYa ks Sobhh b Ny S MURKeRRE coM)
piesessgdiThg pagosehmbthod sadies oul the desprdaidaty dspart of the time domain
convenient to use in the case of frequency domai n Code
BiRdoRiivmihreeldyieaariien ?ébwha&nsﬂ%*gg}aﬁen- The proposed

met hod carries out the despreading as part of the tine
H9FEl n wi nHowneigd tthat dkhestinn g0Q orrt bo amployedh evidhranaeetss terminal

ngrtnlgﬁ%% %e;)ygcg, %\ﬁ(l)(f ga%bﬁ', Igo(gérzsg%%t?,:a? W}o&@fe sﬁcl'fleasS%SSIIf gE]lI'gi,o 29 nectévgrk card,
a wireless network card, a computer (including laptops, desktops, personal digital
assistants PDAs), mobile phones, smart phones, or any other suitable terminal that can
be utilized to access a network. The terminal accesses the network by way of an access
component (not shown). In one example, a connection between the terminal and the
access components may be wireless in nature, in which access components may be the
base station and the mobile device is a wircless terminal. For instance, the terminal and
base stations may communicate by way of any suitable wireless protocol, including but
not limited to Time Divisional Multiple Access (TDMA), Code Division Multiple
Access (CDMA), Frequency Division Multiple Access (FDMA), Orthogonal Frequency
Division Multiplexing (OFDM), FLASH OFDM, Orthogonal Frequency Division
Multiple Access (OFDMA), or any other suitable protocol.

[0038] Access components can be an access node associated with a wired

network or a wireless network. To that end, access components can be, for instance, a



or nobile device, and can be, for instance, a nodul e

such as an SD card, a network card, a wireless network
weang/11wszonput er (including | aptops, desktopsPCT/US2008/058509

personal digital assistants PDAs), nobile phones,

smart phones, or any other sultable termnal that can

be utilized to access a network. The term nal accesses

the network by way of an access conponent (not shown).

tdut@ne sweitetyor éhe likec ortieentess robpbuarvat reliderdn ra)almcaa thterfaces,
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std kltersathaty W roptesscdece sgicpoil ntsyclatad stotes ar caengeduch as in a

t.o, provi de nti guous. ar.e of, cov e to r

SBieT LT GO/ 0F Bt HB oY ACEs B ehirilirad to TMpfement
ﬁ@%ﬁblo??ﬁrﬁﬁdcbﬂﬁné@%ﬁtﬁ %e’:dlﬂmea,sul%\ve]@thﬁﬁfé@ estimation

net hodo g 200 is illustrated ile, for purposes of

H104P1 i ci t yPioceeding émal 0 of predees 289, hwuellesﬁgygr(l%ﬁ@reormewed The
ggﬁﬁg QQA Q@HS&TIQSI%%E lpa%? stg? 51?4 (ﬂ) muﬁlﬁt?.e s%X‘({A %dthg gc’f’rﬁé 'bg)s%dstatlons

a Serres be u

apprecthatreckivditighdie af&trhlﬂyﬂéﬂrﬁk@yfrd)rﬁ thottinhd dbrheid tytht Feequency
order of acts, as sone act i n _accordance w.th

deraaigy Tr%% wilb sl dashtosbe elatad from diipt Y ematon avigh is cmployed
ﬁ)ngé ghkg re&fnhdonV % 298, har de?c& tcﬁar{]nreﬁnl}& E&F?ﬁ EQ&M’Ved from all
an escrl 0 e I n

hereln r exanp ose S
theeregprectiveé bhseuntatemsisandlednd zapedenitatWhith@mains are the rnulti-path

TR 0o By B2 do SPGB e Bppsnaion
of the multi-path components is shown in Fig. 3 at 300 where just the pilot signals and
their respective multi-paths remain after zeroing and are shown for three base stations
A, B, and C, respectively.

[0041] Proceeding back to Fig. 2 and 240, the pilot signals of Fig. 3 are
transformed from the frequency domain into the time domain. At 250, the pilot signals
for two of the base stations are nulled or zeroed. In the example shown in Fig. 3, pilot
signals for base station B and C are nulled leaving pilot data base station A to perform
channel estimation. At 260, time domain channel estimation is performed based on the

remaining pilot data from 250. At 270, another time to frequency domain conversion



state diagram Mdreover, not all illustrated acts may

be utilized to inplenment a nethodol ogy in accordance
Wawiok/119082 cl ai ned subj ect matter. [0040] ProceRdi/Hg2o08/058509

210 of process 200, wireless signals are received. The

signals can be fromnultiple base stations or multiple

sectors of the sane base stations. At 220, the

received signals are transforned fromthe tine domain

tan bbeurfore thee rayainiapapifot sTg‘tia:k WATter drabdeddadn fiqubrcy domain

|solg]fedfrompllot nf t|on which is enployed to

SHIPRLMhEAN Reser ,Qt 230, all data channels
fW42]S' gnal Bi e@%‘ Mﬁgtrgﬂ'eo@aﬁlplle Eﬂau{set%pﬁé‘rfdr}he cl@ﬁﬁ@l e?;urnatlon in
station is or zeroed out emal Nns are

mebtdanpatith rtm‘mamt:pts déscribed herams it istte bepipparrtddahatesaich circuits

base st ati n Thetlmsd resentation of t
R o2 o1 RS b v h R TR RTrRY EREe By PRy, vhepgrally any
botaporch® Biak Oferfoi@ld aﬁlfbt aglghndl NBblatib® SHAE Cli¥ €and frequency domain
mul ti-paths remain after zeroing and are shown fo

tramséernisaand fsmelommbsmuest dagm@r other sigpalcnullies is W[ttbmth}: scope of

rocee t . 2 and 240, the pilot signals
E]fee % 9 are fr%egis O¥fed fromthe frequency donain

[0ou8] t he t RERrGQITe) Fig. M, &b0Qxarhple @iduit 460 @ﬂﬁhﬁtrﬁt@d to perform
two of the base statlons are nulled or zeroed. In the
@b@@ﬁ‘ﬁll SUERENR |Anrep¢1§ed @mﬁﬁ: psomrog(?sg@ﬁay@ af tgpe pyfggetor 410 that feeds

é\ﬁtg'{lﬂ 8 s Eig%&dcogh nEnt 4 &gl s?agg{eﬂq&)nﬂiolngﬁt aﬂtag %‘6%?&?&{1% combines

I on 0 pertorm channel i mat'l on
plidxstaﬂone$ bm‘nnpgingecﬁfﬁefmt iparts io$ therffoqueregt dpastednon different OFDM

nin afrom250 270, . anot her tinme
pie %nc§ onvaseet steuh 46% it FOBRnER it i I g -rendom

Pﬂl(l)tostcréﬁﬁ‘tgﬁ@ seqﬁéﬁc@ Muskdd %%Ctﬁ@‘t’)%esét%n b 6@LE ﬁ%ﬂalg %FQQ@ where an
channel estimation can erfornmed at 280. 42]

HD@E 1s phr@®rinkd alts424at@4tpm6ﬁmh ehét:]iDF(fEJ‘i’rZ‘BlsttnmpHBCﬁ @tr4fﬁ0 and combined

tion in ordan t h .t conc
S8 Mo af e Birhanos B 25£0TRE Sl Phise ibBmEEl TBY Sfpend on the
Base GHitlof sPESSIN ?ﬂott 08e Btk 1W@éqdeﬁcy\ﬂkbrﬁﬂnt Q)Lﬁﬁl[tff%rm434 is fed
channel estimation. Generall conmponents t

b)eﬁftél? ﬁl@reﬁhql@tlg Qogmanents%loa Iestd aeroaprdldingeepnapngnt 444.

SO A DR ST TS s

dlesesra bleﬁlnbleersanfate 04354 Retier fiind Gotmitingerpdlatiéd filter 460 which
exanple circuit 400 is illustrated to perform channel
BATHe 4 grnngl cpid@atiefied sanple is processed via a tone

12&?“ or ﬁ%@rﬁﬁ?ﬁovf/ & g‘gﬂ t%l;' alg g%ar%@e %Hﬁﬁl@gg@ s 1@19%19%12? perform

The stagger- conpon erw se co
channel estimation. Inputs samples are processed by a tone extractor 510 that combines

output with the pseudo-random pilot scrambling sequence used by the base station or
other signals at 514 which is than fed to an IDFT 520. Output from the IDFT 520 is
truncated at 524 and combined with other phase information at 530. The other phase
information may depend on the base station specific pilot tone offset in the frequency
domain. Output from 530 is fed to a tap thresholding component at 540 which is fed to
a zero padding component 544. Output from 544 is transformed via a DFT at 550 and
fed to a channel estimate buffer which is processed by a time domain interpolation filter
560. Output from the filter 560 is fed to a tone extractor 570 where a channel

estimation is then generated.



pil ot tones occupying different parts of the frequency
spectrumin different OFDM synbols. Qutput fromthe

waeeaggernszircuit 414 is conbined with the pseuldFD2008058509

pil ot scranbling sequence used by the base station or

other signals at 420, where al¥ IDFT is perforned at

424. Qutput fromthe IDFT 424 is truncated at 430 and

conmbi ned with other phase information at 434. The
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&#} Eer 454 and a tinme domain interpolation filter 460
gn%r ates a channel estimation. [0044] Referring
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to perform channel esti frati on. Inputs san‘gtﬁes are
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1on O er si

vi@n Gugshtt720ai8 apphdd f20 . fréqQuénuyt dcfrﬁaﬁmﬂlfée 7B@R§Fhl512@edds a channel
truncated at 524 and conbined with other phase

st eRiten 74t S3oout fram dh%é\afff;ha@bdnmsw HERS demaayinterpolation
ﬂﬁ&tefl;s% tﬁg{egteﬁgraggﬁ hshal é&%‘j‘%@em fic pilot tone offset
|

guency orra tput fromb530 is fed to a
[0@d 7} hr es hiﬂhﬂlmg no@NPORENtS, &t sisdéin Whipzbvidsd fled reltad to channel

zer o pad g onent 544, Qutput .fromb544 is
pyteiog, ﬁ@w vsz? PSR FORESaBER 3y SeTis qf?ﬂ?ff@ﬁé%@nctwnal blocks,

falchmede Bpkiek MREdhsi fnPEReRss et BY phodeldde, dOMRAR, hardware,
interpolation filter 560. Qutput fromthefllter 560

fisn¥vert, vany sugalde esanbmetiar the0f.wher e a channel

bl eAcwielt TOEBG T B0 oot paeper rapmpficatons. The

SRamnedo BRludeRh Idpical FRHul¥®2 MRS ﬁﬁ’%oﬂ%rﬁﬁ?éf kéc}éwei Pigot signal to
circuit 600 is not described as it is substantia

time doaen 48d rhlegichlr maele f@dclor tyerprpsying ep-chpnnelt mitegyerence The
Q s%e%? 8@@% efnc@xﬂ?s% aqh §8rm881%n aéo% ftoE andh 1%§mg?e%testimate to
are asimtar

ere from hat own a

foduthcy 43dhinifor frt@ier ﬁeqdeﬁ@ll@c}mﬁﬂ pRadagsimowW to Fig. 7,
an exanple circuit 700 is illustrated to perform

t948hel * estigndtiilpviratoss popuunisatiams @pp%ra%lﬁﬁpgél@aé&alatbe a wireless
{fim (L{at‘f g%qtd@, 3 1553%&3% ad 2RARMRI Rinal. A?]dltlonally or

scra I Ng S uence use ase station or ot
sltgnalvelyatcommunications apparatus 900 can be resident within a wired network.

Communications apparatus 900 can include memory 902 that can retain instructions for
determining a channel estimation in a wireless communications terminal. Additionally,
communications apparatus 900 may include a processor 904 that can execute
instructions within memory 902 and/or instructions received from another network
device, wherein the instructions can relate to configuring or operating the
communications apparatus 900 or a related communications apparatus.

[0050] Referring now to Fig. 10, a multiple access wireless communication
system according to one aspect is illustrated. An access point 1000 (AP) includes
multiple antenna groups, one including 1004 and 1006, another including 1008 and

1010, and an additional including 1012 and 1014. In Fig. 10, only two antennas are



720. Qutput 720 is applied to a frequency domain
filter 730 which feeds a channel estimate buffer 740.

w@opa190§2 om t he buffer 740 drives a time donmaP@I/US2008/058509

interpolation filter 750 that generates a channe

estimte. [0047] Turning now to Fig. 8, a systemis
provided that relates to channel estimation. The

systens are represented as a series of interrelated

$howat fopreath bhieaks gronb] béwean mefer @sSfemicr faneahasomsy be utilized for
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naI me, do |n a ical nodul.e 804 f
g%oqugg oAC8 ﬁ%lﬂm? d][oggflé ?rbﬁ%muaﬁ%tl%g/{tg r%n as 1006 and
@(i)(fﬁo vx}h@f‘é M8 ad 100WARR] 00%0 kR t8RB o R8s kdFIREAI 1022 over
channel estinmate to frequency domain for further
faregudelidy | (dreidrrepni v méesimagion ez adcess igrmmal | 022savenrevsrse link
ions apparat us 90 h a e I
&%%Caﬁﬁ%n stg Emtmumcapgn (1)111%8 flg%gesz% IQZAW an(? 185&? may use
diffedne Trequeioyi fa)a|com‘h‘iidiléalt1©ﬁ alFor eampld, Eorvadrd \lﬁlﬂ()/l 020 may use a

communi_cati ons apparatus 900 can be resident wthin a
diffeecat freaugaek theadhehwedy TR dpkaP bt us 900 can

[@% de neﬂ?ély%lﬁ)gﬁ JAtenfa) af BLAHR ér9§ E\In{ k@ﬁégggﬁ%y aPd designed to

mning a nel estrmation In
canimunicetatis ofisn tefemedl as Askaidriodnid hgc,ess:pnim,l nAatehnog®ups each
900 may.incl ude a processor 904 t

apparatu h can
%‘J;% 1e8c F%P?TBHWWHE@ i 4RFH tﬁ%‘h‘ﬁ?? 18 § 255108 ‘btﬁ he G8hs covered by

hARLY Welnt ONF0r €CRl ¥EHNuhRALGD CHJ%F rfoRG4WOliKkd9¥bG €and 1026, the
wherein the instructions can relate to configuring or

trwmttmlggalttbmlas orfmavicssappioh sl 08P parytwigize Oftagrfoaming in order to

BBy he REEEied 8 SRR (i abeE iR bt v 1016

S¥B161m. a@@é@)r dhN@cds9 K@ﬁﬁ WBERekdani-forhid Ut frats@fls toccess terminals
access p0|nt 1000 includes nultiple antenna

gnegeisd rawsieenly rﬁh,rlou@hl g cqmalgeawsqsokw ingfsrenee o pedostfanginals in
‘%%gﬁoo?{n% Céﬂg'(l.)h Eﬂld %%ss ?&h{ J[rg %lltt Ct&u%‘ijll 19%1% a%{%%n?] to all its

enna ares
actkenvBanigaloup, homever nore or fewer antennas may be
utilized for each antenna group. Access term nal 1016

2 i's i nABGKARIPERH T i & Axeshitainnascd Garcomaunieating with the

s R R L L
s@oedther termhmologlyi ém decamtacted sndyedtlsn bradalled 46 acoess terminal, user
equipment (UE), a wireless communication device, terminal, access terminal, mobile
station or some other terminology.

[0053] Referring to Fig. 11, a system 1100 illustrates a transmitter system 210
(also known as the access point) and a receiver system 1150 (also known as access
terminal) in a MIMO system 1100. At the transmitter system 1110, traffic data for a
number of data streams is provided from a data source 1112 to a transmit (TX) data
processor 1114. Each data stream is transmitted over a respective transmit antenna. TX

data processor 1114 formats, codes, and interleaves the traffic data for each data stream

based on a particular coding scheme selected for that data stream to provide coded data.



reverse link 1018. Access termnal 1022 is in

conmuni cation with antennas 1006 and 1008, where
waniosnris2 1006 and 1008 transmt i nformati on tPCHUS®WE$058509

term nal 1022 over forward |link 1026 and receive

i nfornmati on from access ternilfal 1022 over reverse

link 1024. In a FDD system conmmunication |inks 1018,

1020, 1024 and 1026 nay use different frequency for

p®sdLINi cat The codedrdaex fureheh ddte sieant nlayrile hORplaxay withepilot data

a. different frequency then that used by reverse |ink ,

&%&%.O'Te%s&ef{"ﬁaw gridEp i EnhELaR ot SPOVR Sl patiqr that is

ié‘@c@ége& ey kabendesignesh hﬁy%rﬁgéﬂna@ &lcCrebSival §ﬁférn to estimate the
eferred to as a sector of "the access polnt. "Ant enna

drapuplsresmise. arlde dediipiesed pdotconinemdied alaw foo cadrdats stream is then
ter,m [ ect or he areas cov?ir

o lie: Nrivd SR AT PaRRsf Metn R R REE e . BPSK.

aseK1OMEBrSK, her Mx@%@ou)tsrelea&dafureﬂha@aa@f SRGELSS PNiB¢ modulation
1000 may utilize beam formng in order to inprove the

singds. - t dharalate ratat icodiog, kod wapdnlptionk doif gacht Hdeta stream may be

iffere access term nal 1016 an 24. Al so, an
Gk EEh ey R R G R e £ 1o aopess

108s58) nal s FShahioduREoh 3MEBHIs Yoit Al dbg trcirds aRVIBERGRvided to a TX
causes less interference to access termnals in

NEMgPpeErGepyT dd PP swhighiman fuithee rocses the modidatian Hinplpls (e.g., for

h i LI i.nal
PRSP G100 FBOAEE Al 4 95 SFRRILEHTARME yroms o
Blamrausndadérs (MATR)N] 122e thexugh NdR3t. aid cemin @hdbodineents, TX MIMO
referred to a n access point, a _base station, a Node
BOCgPOs bind BPHeY %}-fﬂ%}%&ﬁ%&&ﬁo M@Oﬁseqflﬁﬁﬁ dite pfgams and to
HeSBthfa §Bh \@Hiicﬁﬁleas%‘/ﬁ%?istb%[ﬂg tPAkmitkder equi pment
(UE), a wireless communication device, termnal,
HO9S6ks t er Fichatransmpttdr| 1d 22 rexeiven and poesend hespective symbol stream

erm nol ogy. [0053] , Ref.erring .t i 0. a system.
B R 88 e g b Sy diarshipn? RL5 g fiters.
& td@eco@e@@sgsmgo 'hﬁbtldg 35'7'%1131135_ ft@CIﬁ'bVi@E §yr§b&[1htéé5§g1{a@| Sltable for
known as access term na ina MM system 1100. At

trivsmipsaers ayarttbe MIHAQ @hﬂ@)PlO,NTt maflplated pagnalst Gemerangmistors 1122a
f dat ' i d 1
fro il Jane! (5 e, MRS AT, TR Gl PRl 1124

tespdctiglgm tted over a respective transmt antenna. TX
data processor 1114 formats, codes,. and inter]|eaves )
{087k r af £ i & sReelyer systand hoQYdha transraitpd produlatedrsignals are received

PN b s gl T o L hetpbashigann o
pialvaled tto earespayivd ecarivet i(RC&Rg dl w4 hrpuglotl 15kt aEach receiver 1154
conditions (e.g., filters, amplifies, and down-converts) a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to
provide a corresponding “received” symbol stream.

[0058] An RX data processor 1160 then receives and processes the NR received
symbol streams from NR receivers 1154 based on a particular receiver processing
technique to provide NT “detected” symbol streams. The RX data processor 1160 then
demodulates, de-interleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 1160 is
complementary to that performed by TX MIMO processor 1120 and TX data processor
1114 at transmitter system 1110.



usi ng OFDM techni ques. The pilot data is typically a
known data pattern that is processed in a known nmanner

waedsirepshe used at the receiver systemto estPOHUS200$1€58509

channel response. The multi pl exed pilot and coded data

for each data streamis then Wodulated (i.e., synbol

mapped) based on a particul ar nodul ati on schene (e.g.,

BPSK, QSPK, M PSK, or M QAM selected for that data

H0Sepm t o Ar proceBomd il athi@ticAlynioémminckhehitat @escatidg matrix to

B 3960 OB TG G0 BRI hereb g Ok GESEHes comprising a
thi 1n[19>9?or&lloﬂ_ REd TRsHK @e{lu@ﬁbrﬁxﬁm ?hs rJV%FSGQinh( Hak&e 3% comprise

streans are then provid MO processor
wiri gl tmw off mfbhnatloprrega&dmgtthfeccvmnhuhmamcunlnﬂwmbd)mthe received data

h )
Ko ey G L broet PO RERRE b A7 A41E BB R AR, which
43 ZBcdiv¥sonatiic 1ded2 tfor ann&RBdradm d@tﬁb@f@aﬂi@nﬂr&n d Xald Marce 1136,

processor 1120 applies beam formng weights to the
Bdileied tofa meduldior d 180.revadisionediby dransmeittanst lddfa thrpegh 1154r, and

bei nsmtted. [0056] Each
PO oA B BBt L S bcecaes a rospecti ve
F06Op! st r aamahgnipeOyseen 0NE), Bkic MBHElafdai@@lsSremat&siver system

and further conditions 5 .g.,‘anpllfles filters, and
bbioc%rﬁ\r@free\seﬁ hyh@t%mlaﬁ d42%iGgRaitienebbyFEgivaes H 24pdemedudaied by a

e
Igﬁ(ﬁlé?t&u klir gd lp?éce ea: bé} T ?8{ ? ?R\fﬁéreg%%nll I{thg(? ex'fﬁ(‘é[ the reserve
tﬂnlt ouglagd hdRdmiace by hlﬁ]rebelaﬁsmtehe tll 5‘0r dirodeks@nttlénis determines
24a through 1124t, res ect|vel 005 receiver
%gﬁhe RICISRSTe CHEX r Qn i (9T Q@@Wafpgmag eweights then
5@&&%&ggegyngﬁgﬁ@kggggs 1152a through 1152r and the
received signal fronteach antenna 1152 is provided to
H06&E pect | Uiean egrect dogicRORINAY Brtaclassifaadgintol (Sdirol Ehayinels and

TR bR LPRgs! Eofid ERattists b3 Bl ' Ghitrol Channel

BOCH) ZasHcH ie DIORAAiNP idbRa8fating QyREMVEFHEob aMBBStion. Paging
and further processes the sanples to provide a

Corirals GbmiichgPCE&Dewbisk ssPibehanset dun roe paging Rxformation
SR ESERALhANCER, L3581 KRN0 RRGRERE, 418 MR et for

@8nstni it Nﬁlerﬁdelﬁ eBohdakt pidodsisiciy I2eilbsi (MBMSY scheduling and

provi de NT "detected" synmbol streans. The RX data
ﬁ}t@@éslgfﬂrmitl% feh@pe or Several MTCHs. Generally, after estabhshlng RRC

connection this channel is only used by UEs that receive MBMS (Note: old
MCCH+MSCH). Dedicated Control Channel (DCCH) is Point-to-point bi-directional
channel that transmits dedicated control information and used by UEs having an RRC
connection. Logical Traffic Channels comprise a Dedicated Traffic Channel (DTCH)
which is Point-to-point bi-directional channel, dedicated to one UE, for the transfer of
user information. Also, a Multicast Traffic Channel (MTCH) for Point-to-multipoint
DL channel for transmitting traffic data.

[0062] Transport Channels are classified into DL and UL. DL Transport
Channels comprises a Broadcast Channel (BCH), Downlink Shared Data Channel (DL-
SDCH) and a Paging Channel (PCH), the PCH for support of UE power saving (DRX
cycle is indicated by the network to the UE), broadcasted over entire cell and mapped

to PHY resources which can be used for other control/traffic channels. The UL



denodul ates, de-interleaves, and decodes each detected
synbol streamto recover the traffic data for the data

W@ 2008amosThe processing by RX data processor 1BGDUBZ08/058509
conpl enentary to that perfornmed by TX M MO processor
1120 and TX data processor 1144 at transnitter system
1110.[0059] A processor 1170 periodically determ nes
whi ch pre-coding matrix to use (di scussed bel ow).
Pransigs s OharlkROcohgrrised aResda@m rAaeessséhdnnelk(RyeSIEpgeR equest Channel

omprisin , ri x, jndex portion and a rapk val

HERBER, S dintovirskbie hbefed TS RRED Gehphraty phPHy, hannels
TM@PﬁYOéhahﬁIJIQE(F[_ﬁéﬂi%rh EOADHIAShdNS A EGaLT on | nk

and/ or the receive ata stream The reverse link

[ws3pge iSTh@BﬂL_IHH‘@%ﬁ&ﬁ@ﬂs_dexgﬁis@s?.( data processor 1138,

which also receives traffic data for a nunber of data

strea&gmfn{o%lrpég)t@%ﬁld&??%%g{d)llsa nodul ated by a

nodul at or condi by transmtters 1154a
t hr ouSinchid@dratioathahncdiSGH) t ed back to transmtter
system 1110. [0060Q] At transmtter system 1110, the

modul SP@Enag; Genros Chamigl (e€ler system 1150 are

recei ¥ggd 180480 D itioned by receivers
1122,g§e?réggulag(%e @aﬁgsmggpgtor 1140, and processed

by a RXltitaseCartod€hsore]l (M€ HO extract the reserve

i nk ssage transmtted b he receiver system 1150.
Proce %F‘?%{G/&SSE%&E“& %‘FW#@AQHSCh_ pre-codi ng matrix
to usgcl‘(ﬁgwlggée%{e%@h%g;gggggggﬁorm ng wei ghts then

processes the extracte [0061] In an aspect,
| ogi cBIL RiyaraSmrat Bate IChesndl (BH-RIRGHLCONt r ol Channel s

d Traffi |.s. Loqi Control Ch I
compr | Lekovisr SRARALY hisshL RUCicHbrnel (BOGH) wii ch i s DL

channplyif ot 03088 E41MB1SY st em control i nformation.
Pagi ng %o tnr E‘Tra ChanneTL rE(P whi ch is DL channel that

t r ansLeadsIndagion§ handad K nktH)on. Ml ti cast Contr ol
el ( ' is Point-to-nultipoint DL channel
@’ggrf or m&%%%awl% FIRRISS Br oadcast and

Mul ti Caqihgﬁi%él\ﬁ&%oﬁlm};s Grheduylprng@nd control

i nformati or one or several CHs.” Generally, after

est abl i dHiangelRR@liomdeatar éhatundl §COMGHNel is only used
by UEs that receive \%S) te; ol d MCCH+MSCH) .

Dedi cat e%ﬁ‘@ﬁ?ffefig?m@qﬁ}‘?@él%ﬁ) s Poi nt -t 0- poi nt

bi - di r eci oAl Subb@nn@latbhehardnt BICHy dedi cat ed

control information and used by UEs having an RRC
connect iShared Raguest [Chiznifl iSREQRh&NNel s conpri se a

Dedi cat qdf frafll snSRaMe chRnt dur-pspeh)

Broadband Pilot Channel (BPICH)
[0065] In an aspect, a channel structure is provided that preserves low PAR (at
any given time, the channel is contiguous or uniformly spaced in frequency) properties

of a single carrier waveform.

[0066] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the

described embodiments are intended to embrace all such alterations, modifications and



whi ch is Point-to-point bi-directional channel,
dedi cated to one UE, for the transfer of user
WO pdosnm@s: on. Al so, a Multicast Traffic ChannePCT/NFIBBH/058509

for Point-to -multipoint DL channel for transmtting

traffic data. [0062] Transport” Channels are classified

into DL and UL. DL Transport Channels conprises a

Br oadcast Channel (BCH), Downlink Shared Data Channel

(/@i.a‘EBﬁ}-l)haa fudl witFaghagpithamhedop€ BEH)e afpeadddCHhitmr Furthermore, to
ort E powe ing ( cycle is jndjcated. by
i‘é}tv&gwh{ﬁ teﬁ%e[@(}/ Shribdoehit QHL?NQF iem lefcdeainton or the

nggnMEEdtehﬁ R '_%t§lﬁ§8 UfC e ﬁPI@l‘u&Qe CAN abah38dsitBfar to the term

other control/traffic channel's. The ULTransport

Croamsing” eefpompesng’ Randgmetéd edss clipdoyedlas @RAGKYond word in a

ﬁﬁuest Channel (REQCH), an Uplink Shared Data Channel
'SDCH) and plurality of PHY channels. The PHY

channel s conprise a set of DL channels and UL

channel s. [0063] The DL PHY channel s conprises: Common

Pil ot Channel (CPICH) Synchronizati on Channel (SCH)

Common Control Channel (CCCH) Shared DL Contr ol

Channel (SDCCH) Multicast Control Channel (MCCH)

Shared UL Assi gnnent Channel (SUACH) Acknow edgenent

Channel (ACKCH) DL Physical Shared Data Channel

(DL- PSDCH) UL Power Control Channel (UPCCH) Pagi ng

I ndi cat or Channel (PICH) Load Indicator Channel (LICH)

[0064] The UL PHY Channel s conprises : Physical Random

Access Channel (PRACH) Channel Quality Indicator

Channel (CQ CH) Acknow edgenent Channel (ACKCH)

Ant enna Subset I ndicator Channel (ASICH) Shared

Request Channel ( SREQCH)



UL Physical Shared Data Channel (UL-PSDCH) Broadband
Pil ot Channel (BPICH) [0065] In an aspect, a channe

W@ eaa19962 i s provided that preserves | ow PAR BPGEI/USI0Y8/058509

given tine, the channel is contiguous or unifornmy
spaced in frequency) propertiks of a single carrier
waveform [0066] Wiat has been descri bed above
i ncl udes exanpl es of one or nore enbodi nents. It is,
of course, not possible to describe every conceivabl e
conbi nati on of conponents or nethodol ogi es for
pur poses of describing thegfomggenti oned enbodi nents,
but one of ordinary skill in the art may recogni ze
that many further conbinations and pernutations of
various enbodi nents are possible. Accordingly, the
wascisidtheédodi nents are intended to enmbrace all such
alterations, nodifications andvariations that fal
within the spirit and scope of the appended cl ai ns.
urt hegr : - “ipel udes” is
gSed gﬁﬁgpﬁ%g%%t]e g%?%ﬁﬁ%gﬁggég%?%??%%ﬁg¥ht e cl ai ns,
such tarverting a set efyelbd sigoalbd¢o thedinusdargainn a nanner

simlar to the tﬁrn1"co risin%f aﬁ "c?gﬁrLﬁing"ILS

i nt er HPOFSEGRePEMS! BYEtreRee ohasyRsst of tirdrilohyReply: ang

cl ai MGy YBRdnnkBesth@tigR th 1he frefuery WohRARwitRat Rast one of the

W rel ess conmuni cation system conpriSing: converting

pilgetgnels. pi | ot signals to the time domain; suppressing
co-channel interference on a subset of the pil ot

signals; and perform ng a channel estimation in the

brequenendre@ion oMifah1 athd iaGt sighds Qfc bi®cRiddOtith multiple base

signals. 2. The nmethod of claim1, the pilot signals

stpeonss altple geaipms 9f msinglotase paden.st ati ons or nul tiple

sectors of a single base station. 3. The nethod of

claim?2, further conprising transform ng received

31 gnallke hietiodt dfeclbias e, Alrttt oABpIANingG @ahgdoiniag recediedFignals from
ase station to generate the pilot. signals and . i

g@s@é? ABETHGE 2008 OffeSHEEHSHC Sfetien df rcgeraighigeepilot signals and

%&@g@%gﬁgang the received signals is a time domain to
requency domain transform

4. The method of claim 3, where transforming the received signals is a time

domain to frequency domain transform.

5. The method of claim 3, further comprising nulling the associated data to isolate
the pilot signals.
6. The method of claim 5, further comprising transforming the pilot signals from

the frequency domain to the time domain.

7. The method of claim 6, further comprising analyzing pilot signal data from one

base station or sector and nulling pilot signal data from all other base stations or sectors.

8. The method of claim 7, further comprising performing a time domain channel

estimation with the analyzed pilot signal.



5. The method of claim3, further conprising nulling
the associated data to isolate the pilot signals. 6.
wab@stretosnd of claimb5, further conprising traPST/U820081058509

the pilot signals fromthe frequency domain to the

time domain. 7. The nethod of!%laim6, further

conprising analyzing pilot signal data from one base
station or sector and nulling pilot signal data from

all other base stations or sectors. 8. The nethod of

laim7, further. caonprising performng a_tine domai i
§-hann$he é%ﬁtt\%fj;pif &ialw %Sh%tfﬂ@r LRRNGSRE Brosirming iy a qyzed pilot
: qREF j: f i sing transform ng
%E@ﬂana 9%& %@#@?Hg?gﬁéﬁhkggﬁfgﬁe time domain to the

frequency domain. 10. The nethod of claim9, further

CRIT s S AP Moo yHEr ShMpteng BuirmitEs s Tequency domain
Bfﬁﬁlh@l%sﬁﬁlaﬁd)@{vﬁhlhe zhﬁﬁyz%@bil@tfsi :al.Ot signals is

associated with three ‘base stations. 12. The net hod of
claiml1, the set of pilot signals is associated wth

ree,sectors, o .singl e base station..13. The net.hqd

3;? cl Eﬁ%nle?h?du?{ Rl cloﬁlﬁ? F%‘i %f‘gep%%r%%}a% Ko 5o¢3Re Wil fifee base
extisraction or an inverse discrete Fourier transform

14. The nmethod of claim 1, further conprising

perform ng a discrete Fourier transform a zero
F’?dd' e %@ﬁ{o tir %ﬂmmolr, i det %pi%%ng%slipgﬁgagie R}Jziﬁpth_ree sectors of

I'ter. : conmuni’cat 1 ons appdr atus, conprising: a
aeimplcybakdhsthtioret ai ns i nstructions for perform ng a nul
operation on transforned data, the null operation
zeros data associated with a set of base stations or

$gct o e nldifod &Sélﬁiﬁ?tli ﬁﬁ]‘_ﬁlepeéél?‘lg%ﬁl? g%ﬂf&%ﬁﬁ%%%ne extraction or an

transform where interfering pi nes are null ed;
avdrsa dpreteksorer trhatfomxecut es the i nstructions. 16.
The communi cati ons apparatus of claim 15, further
conprising performng a tinme domai n channel estimate

and aThé aHLBOE Yordgam NI, Champe lco@phitinRt ]f%rfolﬁ&ing-rﬁediscrete Fourier
conmuni cati ons apparatus of claim 15, further
wanRberins drrgroapadding aprratiqntdrgriime domain interpolation filter.

15. A communications apparatus, comprising:

a memory that retains instructions for performing a null operation on
transformed data, the null operation zeros data associated with a set of base stations or
sectors, the instructions perform a subsequent transform where interfering pilot tones
are nulled; and

a processor that executes the instructions.

16. The communications apparatus of claim 15, further comprising performing a

time domain channel estimate and a frequency domain channel estimate.

17. The communications apparatus of claim 15, further comprising a tone extraction

circuit to facilitate channel estimation.



circuit to facilitate channel estimation.18. The
comruni cati ons apparatus of claim 15, further
W@ vpni1®sng a zero padding circuit to facilitar@I/Us2008/058509

channel estimtion. 19. The comuni cati ons appar at us
of claim 15, further conprisi#iy a time domain
interpolation filter to facilitate channel estimation.
20. The communi cati ons apparatus of claim 15, further
tRnpr B¢ ngmanuhlvagsizodpparaguscainganehs, fuathéaainhpristdgea zero padding
channel_ estimation. 21. A comruni cations apparat us,
el tp dritate pbamel emtiver ti ng a recei ver pil ot
$9 gnairpd Qo hdiRi QG AipalRRNSS £19%n $YPREBES b&Mprising a time domain
co-channe? I nterference; and neans for trans?or&%ng a
oiapoletiorestt¢ntafeilitetcfahenned ngymadwmai n f or furt her
frequency domai n processing. 22. A conputer-readable
medi um conprising: code for nulling data channels
2§ SO0CTRE @dmWunltaBbihAgaRdls HRSIRINS 113! RS @bmPAGHE Sthresholding
code for nulling pilot tones associated with at Teast
tapawsetodecitiiagnehannel sstegmatiasr. and code for perform ng
a channel estimation frompilot tones generated from
at | east one other base station. 23. The
gDnpuiejonire@dedios ARshiratm, @bmetishgn 22, further
conprising performng a tine donmain channel estimte
and aMCRRSGQE FRIY CEBYEEA Tecikemler sigaalitoriie dopwin; The
conmput er - r eadabl e nedi um of claim 22, further
conpr msamsgfot supsdssingicoghameb mterferekaeaartdo t he frequency
domain to performa null operation for data associ at ed
Wi th glade st triddBrase aSéhhéNSstipiats &6 tvgBencdddorain for further
processor that executes the follow ng instructions:
nulfraquency doataimprogessiigassoci ated with at | east two
base stations or sectors froma set of three base
stations or sectors; andnulling a subset of pilot
iégnals associateg mﬁﬂp t he bases stations or sectors

mi £ QR LIAREITABIUR AREPERCe and to perform
Chann&kmeﬁﬁ'ﬁﬁﬁ?gﬂmhﬁcﬁ&ﬁﬁhdﬁﬁﬁﬁa%ht@ﬁﬁknﬁﬁ%@ﬁdoﬁﬁeQ&nmnscn

the pilot signals.
sectors;

code for nulling pilot tones associated with at least two base stations or sectors;
and
code for performing a channel estimation from pilot tones generated from at

least one other base station.

23. The computer-readable medium of claim 22, further comprising performing a

time domain channel estimate and a frequency domain channel estimate.

24. The computer-readable medium of claim 22, further comprising transforming
incoming data to the frequency domain to perform a null operation for data associated

with at least two base stations or sectors.

25. A processor that executes the following instructions:
nulling a set of data associated with at least two base stations or sectors from a

set of three base stations or sectors; and



26. The processor of claim25, further conprising
instructions for transform ng received signals from

WO b@sha®e2 st ati ons or sectors of a single basePGI/HS10081058509

to generate the pilot signals and associ ated data. 27.

The processor of claim26, where transformng the

received signals is a tine domain to frequency domain
transform 28. The processor of claim 26, further

conpr hsliing ai sabtet e pilonsighas assoaiagtorith dg hdses gadi@ts or sectors to
si.gnals fromthe frequengcy donmain to the tinme domain i
Q@}g%@-ﬁk%}@é%@&rge&nce |aa§ 9 2@?3% Fanar! estimatips jimgecordance with

'{@&ﬁgﬁ%&p@épﬁggﬁ al yzing pilot signal data fromone

ase station or sector and nulling pilot signal data
£6.0m dh¢ poddeesor befsdaimt 51 dmsheorcomguisorgs instructions for transforming
received signals from the base stations or sectors of a single base station to generate the

pilot signals and associated data.

27. The processor of claim 26, where transforming the received signals is a time

domain to frequency domain transform.

28. The processor of claim 26, further comprising instructions for transforming the

pilot signals from the frequency domain to the time domain.

29. The processor of claim 28, further comprising instructions for analyzing pilot
signal data from one base station or sector and nulling pilot signal data from all other

base stations or sectors.



