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response of a wireless channel from a transmitter to a receiver. The channel estimate

may be used for various purposes such as data detection, time synchronization,
frequency correction, spatial processing, rate selection, and so on. Channel estimation
is typically performed by transmitting a pilot signal containing pilot symbols that are
known a priori by both the transmitter and receiver. The receiver can then estimate the .
channel gains as a ratio of the received pilot symbols over the known pilot symbols.

[0004] The pilot signal is typically impaired by both noise and interference. These
impairments degrade the quality of the channel estimate obtained by the receiver based
on the received pilot signal. The noise can come from various sources such as the
wireless channel, receiver electronics, and so on. Noise impairment can normally be
addressed by transmitting the pilot signal in a proper manner and/or for a sufficient
period of time such that the receiver can obtain the desired quality for the channel
estimate. The interference can result from multiple transmitters transmitting their pilot
signals simultaneously. These transmitters may be for different base stations in the

system, different antennas of the same base station, and so on. In any case, the pilot



signal s sinultaneously. These transmtters may be for

different base stations in the system different
wandaoeoness of the sane base station, and so on. PCTYUSZIY5/024612

case, the pilotsignal fromeach transmtter acts as

interference to the pilot signals from other

transmtters. This pilot interference degrades the

qual ity of the channel estinate. [0005] There is

S50 S8 CodtnESnlifort RS AL el QFerk RENA HUERULO SRR Bod other

g quallaty channer estifate 1n 1 he presence
tiaflsinitpdre Thia pRod ihtesfeencSASAAISY tHeQWAbly ofekhdcHagniel estimate.

transmtting pilots frommultiple transmtters and_ . )
19803)or mThgrech B iPTest PFHIN 6 Ao o (HOSE 4 eRieph & high quality

Hafindl SSERMEHHHRBIALI. oFRRREHIL GAATMAURS can suppress or
cancel pilot Interference and provide higher quality
channel estimates. Each transmitter is assigned a
time-only pilot code, a f ney; only pilot code, or

a timefrequency pil ot cod@ﬁgﬁﬁﬁgé{for pi | ot

f00086)s M TetiRiqued 6 tRinkBittifOPRSs FRYh RAItHRCHARNTAAEafd performing
codes, orthogonal codes (e.g., Walsh codes),

chyonel esimption &ydhese tsamamitsToRfe éascubadbharein; oFlese techniques can
T

ﬁﬁfgﬁ‘ifit&fr ili asvigred cytimeonbnpitoti codeli 4 freqesnty-exlybgilot pedé,atsa time-
n urther using its asgsigned pilot_code. [0007] The

FRERSPHY FdPiBrive cf%?ﬁ‘_éf t??é@@ﬁlw_al- { BhoBial Fodss canopseudo-
%ﬁ%&rﬂ%ﬁ)&esf Sfth§Emll EJ&Q?&E{, 5@51siPbodedf, @yEifd-siaR HBES, afid so on, or

qual ity of the channgl esti mat e afe dependent on
¢omsbipdtions therdefs sl tapsmhitter ttransmaits tits epibot aomdeither a fixed set of

nner in.whjch the pil ot re transmtted,. .as ‘ i
R R bR Gl S el 3 EraSegy RO Pans 5 pieffery symbgperiods
shd fuBerfusRRUBRGH giid ot 6&ide conposed of a tine-only
code and a frequency-only code for pilot transm ssion.
[PA87]r ec dihg procazsing prefermpd by A recebien im@itaia grohagned estppate for each

I. 3 . .
SR S RERET ok A1 T Sl B BharBRCBAIRE BTG on the
pike bdechssy bh thestrdmsmitters aid e rharmgt RNwhich widpilsls atetethsmitted,
for pilat transm ssion in thatmﬁénbol peri od.  The

gsefteserined bslow. | Frcxamplee eachitragpmitier glay dige a jimsofredugpeypilpt code
ShtpdRld 6PHRiInYRbHE L0l bnd Q%ﬁﬁ&&p{e&eﬁw gﬁg %B@S@transmission. The

assigned to the desired transm alns a set
©teidet may éwnsobtdinlaschaifiied estipate\fer a mlesifedr transenttérrsefodews. For

SR o e B8 it BB LY e
- dymibdl@Forl TBet! SEfréfieRGN SEbbands used for pilot transmission in that symbol

period. The receiver multiplies the set of received symbols with a set of code values for

the frequency-only code assigned to the desired transmitter and obtains a set of detected
symbols. The receiver performs an inverse transform (e.g., an inverse discrete Fourier
transform (IDFT)) on each set of detected symbols to obtain an initial impulse response
estimate. The receiver then performs code matching on multiple initial impulse
response estimates obtained for multiple symbol periods with the time-only code
assigned to the desired transmitter to obtain a final impulse response estimate for the
desired transmitter, as described below. The receiver may perform truncation to retain
the first L channel taps of the final impulse response estimate and zero out the

remaining channel taps. L may be the expected length of the channel impulse response
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[0017] P I(tj gshows a channel estimation process for a frequency-only pilot code.

[0018] FIG. 9 shows a channel estimation process for a staggered pilot with a

cyclic-shift code.

[0019] FIG. 10 shows phase plots of cyclic-shift codes for four transmitters.

[0020] FIG. 11 illustrates channel impulse responses for multiple transmitters with
cyclic-shift codes.

[0021] FIG. 12 shows a channel estimation process for a time-frequency pilot code.

DETAILED DESCRIPTION
[0022] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.
[0023] The pilot transmission and channel estimation techniques described herein

may be used for various wireless communication systems. These techniques may be
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frequency channels. With OFDM, each subband is associated with a respective

subcarrier that may be modulated with data.

[0026] FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a
wireless communication system 100. Transmitter 110 may be part of a base station and
receiver 150 may be part of a wireless device. Alternatively, transmitter 110 may be
part of a wireless device and receiver 150 may be part of a base station. In general, a
base station may include any number of transmitters and any number of receivers. A
wireless device may likewise include any number of transmitters and any number of
receivers.

[0027] At transmitter 110, a transmit (TX) data processor 120 receives different
types of data such as, e.g., traffic/packet data and overhead/control data. TX data
processor 120 processes (e.g., encodes, interleaves, and symbol maps) the data to

generate data symbols and provides the data symbols to an OFDM modulator (Mod)
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stream and generates a modulated signal, which is transmitted from an antenna 134.

[0029] At receiver 150, an antenna 152 receives the modulated signals transmitted
by transmitter 110 as well as other transmitters and provides a received signal to a
receiver unit (RCVR) 154. Receiver unit 154 processes (e.g., filters, amplifies,
frequency downconverts, and digitizes) the received signal and provides a stream of
received samples. An OFDM demodulator (Demod) 160 performs OFDM
demodulation on the received samples. For each OFDM symbol period, OFDM
demodulator 160 removes the cyclic prefix appended to a received OFDM symbol,
performs a K-point fast Fourier transform (FFT) on K received samples for the OFDM
symbol period, and generates K received symbols for the K total subbands. OFDM
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are spaced apart by S subbands. A pilot may be transmitted on one interlace in each
symbol period with pilot transmission. The pilot subbands are subbands used for pilot
transmission.

[0033] In general, system 100 may utilize any OFDM structure with any number of
total and pilot subbands. For clarity, the following description is for the OFDM
structure shown in FIG. 2 with P pilot subbands uniformly distributed across the K total
subbands. This pilot structure allows the receiver to estimate the channel gains across
the entire system bandwidth and further allows the receiver to perform P-point inverse

transforms instead of K-point inverse transforms for channel estimation.
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transmtter 110. [0031] Controllers 140 and 190 direct
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spreading factor (OVSF) codes, and so on. The pilot code assigned to each transmitter
may be a time-only code, a frequency-only code, or a combination of time-only code

and frequency-only code. The various types of pilot codes are described below.

Table 1
Pilot Code Time-Only |Frequency-Only Pilot Code Pilot Code
Scheme Code T;(n) Code F,(k) S;(k,n) Type
1 Pseudo-random - S;(k,n) =T (n) Time-Only
2 Orthogonal - S.(k,n) =T.(n) Pilot Code




transmtters. Each transmtter is the desired
transmtter for its channel estimate and an

wo naoenieng ng transmtter for the channel esti nPCEES1005/024612
other transmtters. [0035] The transmtters may be
synchronous and nmay transmt gheir pilot signals
si mul taneously on the sane pil ot subbands in the sane
synbol periods. The pllot S|gnals woul d then interfere

wHthoneTanothrer— ot facir i tate ghamet—esttnettqgqn
the3presence of nul t | Bendorrandam  t er$(k. ke i (k) Frequency-
tTansTrtier—mey ot tpty T.tSs_pri oo s Wt = Only
pi | 8t cofle asstgned {o %ﬁh@-sﬂﬁam m tgg"r n) THekpi | qt Pilot Code

ctooes fof dirfferent (ransmtTters g%&o esngneo Sugn

tha? a gpBeeudpdariom =§§i"’r¢ﬁtrén¢?é§/ (B 5@ |any
SR RLPNC A SR 3 SRS T FO S Y e
D e | e S TR 2 TR [ piog ode
U S B A R e IRyt

for different transmtters may be pseudo-random or
orthogonal with respect to each other. The

PPEYuendy- Berp @oEa}s}e A, @ peffequenayt piletrgode s betfpaped by a
%Bd%é?g;ﬁ’ﬁﬁl‘é%d yfrergﬁg;&gc & a&&oﬂgw or may
e | (0}

erent cyc Ic-s seudbd- random codes
may be generated with pseudo random nunber ( PN)
gener 8kbm3 = Kinh hBgonal cddes=0py., M, VWal sh codes, Eq (1)
ort hogonal vari abl e spreadi ng factor (OVSF) codes, and
so on. The pilot code assigned to each transmtter may
wiera T(meisartige-onlyepdaadsigngd émihy i-tinfrgnspotder; or a
conbi nation of tine-only code and frequency-only code.
The vBikpisa frgq:ueecseonlp icbds assigiiedtocthe i-thetsansimiigat; &l ow.
Tabl e 1[ 0037] shown in Table 1, a tinme-frequency
pi | ot S€bo.ae lmymeﬁmpwwlbycgdqmsamtoahe athttrapsmittenai n
code and a frequency-only code, as follows; S 1(JCn) =

Fok(dirity il {h8) folloWRfg descrifftion; index M= 0 B8l 61 3 defiRdetrankfrifier, and

is atime-only codé assigned to the Mh transmitter;
IRdicecy =ils..a Mr squfenM-lmntfynmg) trensmsigengnwiieteoMt teayibetdny integer

alife. dichopilel”Tler KEOF 1A CPERLGH PRBF ibin heRpide; o that
g ZE T)Oi"l Ilq %%{,‘er S% 7§nls a cgﬁil'fﬁ%x comu%aﬂe%f f.S‘Uc na

nsr’n tter,
[0038] The transmitters may transmit their pilots using various pilot transmission

schemes. The manner in which the pilots are transmitted affects the processing
performed by the receiver for channel estimation. Two exemplary pilot transmission
schemes are described below.

[0039] FIG. 3 shows a fixed pilot transmission scheme 300 that uses a single
interlace for pilot transmission in all symbol periods. The code symbols for each

transmitter may be generated based on the time-only code T,(n) and/or the frequency-
only code F;(k) assigned to that transmitter. The code symbols for the desired

transmitter are shown in FIG. 3. The pilot may be transmitted in each symbol period, as

shown in FIG. 3, or in only some symbol periods.



indicesi =1, ..., Mare for Minterfering

transmtters, where M may be any integer val ue. Each

w@Rloet1wesie val ue is a conpl ex value w th unitPCT/US2005/024612

magni tude, so that S 1( JCH) -S* (k, ) =1, where S

*(Jc,n) is a conplex conjugate of S(Jc, n ) . [0038]

The transmtters may transmt their pilots using

various pilot transm ssion schenmes. The manner in

@Bh h tEprl ! %vsae{ gta%gg}'@ﬁgglfot etlcimgﬁlfsg Lsschgﬁe 400 that uses two
rocessing pe orne recer ver or chan

ia&klacastfop pilot Tvans@iseivnl iAajtemmiating synitsol peticds. O @nbﬁl}mﬁy number

are descri bed bel ow. [0039] FIG %élshovvs a.fixed |Io}. .

er18W§1ﬁ?e§§P% SBIRdrer BUY TaRamissions Lhesprgfie thiace|tqage for pilot
n%ﬁ’ﬁ] o‘ﬁtm(eﬁ b%? bd HayPbd se?ééf&%asé@éﬂ Q?ﬁetzﬁﬁmﬁ@ &tern or

for each transmtter may be generated based
mhepsteudmrandblyx mmdmr TI(lH):odms}mdqolst foe ehehegarsnuyerthyy bo g@nerated

st ph i rogfv{:&;tnﬁh@a 55 e’ isigney sl ede o (oppissigned to
Bt Fansiites Ené SRRt Be BRHaIIRG 1R Bl Fiiun A1 4

[6b41) 4 FbPWGthahs firaDAIdeHadpktedtpilot BRSHISSIOEhEMBS MRe H@Gbbands
that uses two interlaces tor pilot transm ssion in

laﬁefl dempilatrtpnsipitsion ipepelbagmbalpegadar &, calied, Pletybpangs and are
6618 feh | aggﬂmﬂ({rg l'lgxg é)UIPF subggl{dts eI lgr}qv&r{ t%%%ﬁl tha 'tr%ﬂsmﬂ_tgle and receiver.

0 use transm ssi

@r Sy@,‘f@l 5P I S epﬁr}ﬂc&g 5%)%' ?o(ft ﬁ'gn lpl‘ﬁ&ﬁl Qphlﬁ%nbr?’e ra. transmitter.

et er m néd i'na pseudo-rafdo
Thiteallgpthe tmmfﬁutes déerminec thet timeroniyt dode and/pr e fapenat-ady code
based, on the tinme-only cqde T() and/ oy . the )
ssigherkrie ythenirgnsaytier fox @5 g@égraﬁ@an Iqckap12).  The transmitter

&erté}ﬁﬁﬁ@st thé Ipllofr BgbaREe fo?yem‘?l? G?mﬁ@lr {)érnﬁ WaRigiRg transmlss(;on (block

transmtter are shown in Fl 0041] For both
51|4>)e diffednisintayersedapbé vsedtinamerentsiyorbos perodssand the filequency-

bb d f il t h
B oo PE peetel oo cPEURL AN 4 FE TR Fhpison. The
Mishﬂﬁer( erate5NE R é}%boﬁl Rrogdn sYinfbok HeYiBd twittd Pilbt trifsmission

transmtter and receiver. [0042] FIG 5 shows a

pased er £1)5100 appgnedrtimenlytdode aad/pr frequengy-antyr eads g (&) the pilot
4u% Seﬂcfg lntlge/ glra{ Fﬁnﬁ#l%ﬂ% 166k gf@ dé;ﬁﬁnsmﬁer t'.(l}@? trgt?ghr%ts the code

rrequency- on assi gnhe

§yﬁrﬂja>$dbrtﬂhep116mbbadd@l(blbcmm ssion (block 512). The
transmtter determ nes the pilot subbands for each

synbo] period with pilot transm ssion (bl ock 514).

Di ffe}-e&_ﬂlfﬂ-&&llggég_(jﬂgﬁ;sbe used in different synbol

peri ods, and the frequencyonly

[0043] For a time- only pilot code, the pilot code is the same for all pilot subbands

and only varies across symbol periods. The code symbols sent by the desired

transmitter may be expressed as:
C(k,n) = §,(n)- P(k) , for ke K, (n) , Eq (2)
where P(k) is a pilot symbol for subband k; and

C(k,n) is a code symbol sent on subband & in symbol period n.

Equation (2) assumes that the same pilot symbol P(k) is used for subband % in all

symbol periods.



code may be dependent on the specific subbands used

for pilot transm ssion. The transmtter generates code
waonoolisos or each synbol period with pilot traPeTMUSEIODMR4612

based on (1) the assigned tinme-only code and/ or

frequency-only code and (2) fhe pilot subbands for

that synbol period (block 516). The transmtter then

transnits the code synbols on the pilot subbands

M ﬁég):d er -go eaEl:lx n? rfe@ﬂl ‘%&erQ §1na %ee ressed as:
q lym CogPs e pi

els
aII p| I ot subbands and only varl es acr oss syrrbol
per i ofyk,n)ReS,Gode(By mbol osketK hy(n) eddesi, r.edM, Eq (3)

transmtter may be expressed as; C(k, n) SO(n) P(k) ,

for e Kpilot (") , Eq (2) where P(k) is a pilot symbol

Witsre silRan)diska codensyrifdd, sept b sabbaad e By smbol gerfibd onby the i-th
subband k i n synmbol period n. Equation (2) assunes
intederinghrarsantterpi | ot synmbol P(k) is used for subband k

Bl | THF FeEpiRE ReRls it e miss sBanes Sﬁ%é@gfl&’gy’a@e ks 8jved pilt
s(yhmbB)s) @the YecBivk) may b&Exedstd hot (Nn) and =1, ..., M
, Eq (3) where X 1(J ) is a code synbol sent on

subband k in symbol period n by the /-th |nterfer|ng

R s T B W, oo

at the recelver may be expressed as Y{k,n) =d
-H(k,n) -C(k,n) + BEr G {k,n) -Xi {k,n) + Wk,n) , Eq
Whiere 1kl n)vser recer(dbpilot symsbel fmewbm;tjk imli Syutbosywrhxdl n ;f or
subband k_in synbol periaod n is a chann

gai n Hlbmt Ke? cfégmreéogam Troshithe é’PSlff‘é‘ fraRsTiEere fq élre feseiver for
subband K i iod "; Ed is the transmt power

used for tﬂgba&w}% Wg}g?]‘r%nagsli’red transnitter; G (k,n)

i's a ghangetragdhip éwmswforlthé;mdt Bg%ef ®%sir8@transmitter;
transnitter to the receiver band k i n symbof

peri og.(R;n) is a channel gain from the z-th interfering transmltter to the receiver for

subband k in symbol period #;

E, is the transmit power used for the pilot by the i-th interfering transmitter; and

W (k,n) is the noise on subband k in symbol period » at the receiver.

The noise W(k,n) may be assumed to be additive white Gaussian noise (AWGN) with
zero mean and a variance of N .

[0046] Each transmitter transmits its pilot at a power level determined by system
specifications, regulatory constraints, and so on. The desired and interfering
transmitters may transmit their pilots at the same or different power levels. The pilot
power levels affect the quality of the channel estimate but generally does not alter the
processing by the receiver for channel estimation.

[0047]  For simplicity, the following description assumes that all transmitters

transmit their pilots at unit power, so that E, = E, =1 for all i. Furthermore, the pilot
symbols are assumed to have values of P(k)=1+ ;O0, so that C(k,n)=C(n)="T,(n)
and X,(k,n)=X,(n)=T.(n) for the time-only pilot code. The received pilot symbols

may then be expressed as:



Eis the transmt power used for the pilot by the i-th

interfering transmtter; and Wk, ) is the noise on
wambandok i n synbol period n at the receiver.Pdhes2005/024612

noi se Wk, ) may be assuned to be additive white

Gaussi an noise (AWGN) with zgqno nean and a vari ance of

O . [0046] Each transmtter transmts its pilot at a.

power | evel determ ned by system specifications,

regul atory constraintg, and so on. The desired and

| nt ey {igh) B¢ (kIBNERYA BT 6,(RBY - XT(ANS WLk, hSifor Rid RL (AL  Eq (5)

the sane or di fferent.-povver | evel s. The pi | ot poler

| evel s affect the quality of the channel estimte but

al | does not alter, the cessin t he . )
AR 5o rhe GRCelvel Bratsied e e BRE I35 by 10 SBtain an estimate of
thle FRdpofisel OF thé Rareldab |cHé‘i»1n@DerﬁStﬁé Ideslfeartraﬁhsﬁm@ So tAfec@iVér. This
transmitters transmt their g ots at unit povver SO
Y

wiralessEghanmel mpyf b characterizedy by teitheio pechannel imipudse response or a

SR oo AR AL BANC- IR M8 RUShsiedihiedconvenional

tchinblog®; articliarpiel dipaleeleespdhise” reeCéimpalie péé.p@hsee:y]lstw tithe-domain

may then be expressed as: M Y(k,n) =H(k,n)-

mecrmﬁ)o e prrpless gpaang), andfaorchenwa ﬁrfauere% requzee( gy “frequency
8 pil ot -

R e O e

syisteal, dbs clmalmanlnﬁd:qtfenmdspmlsd és theetisdreta Fonmiern teansfamt @ T) of the

receiver.. This wirel ess channel may be characterized

hpnaclimpplse ISSRARel i npul se response or a channel

fooagLenae &R SRay O6taltS £ EhiRiet eftimae dorMeCdesiréd transmitter by
consistent with conventional term nology, a "channel

perfrming pidedirofe aratehing (arsimply, @@kp@ﬁ@@ng) m ﬁle time domain or the
ﬁ%;‘ﬂ%n%g H&#lgmr eé&&nrggtcﬁlfngtrggxsm{o t%k %?écegﬁ% uz?tlh thggﬂgfgqode of the

requency res res

d&sirad ftra@siRIRE Yo @btHi the elsdnnsls estipiatd Iﬁﬁr werceiseecs transmitter and to
channel . In a sanpl ed-data system the channel

pither SNRPESPS PESPSRILRE PgOtﬂH’@rfE‘ie%"r e theyothedransmitieds.or m

@E Ofpr&h ﬁﬁk@é' d ' G5 hanfOrt

@ ver ﬁag “obtain @ egﬁgd%(?le (gezltl £c %n% thlg1 Ekggy Peré‘ormmg
tadensatchibgin thy tiper dcmlam iy qoilme{ontyqnik)t nadce hForgh(smmbodlment the
reccrerl.eely Obtgi%g eannlbrlltlt?arlnln%zllse response es mate r(aiuch is a sequence of time-

domain samples) for each symbol period and then performs code matching for each
channel tap to obtain a final impulse response estimate for the desired transmitter.
Initially, the receiver performs an inverse transform on the P received pilot symbols,

Y(k,n) for k e K, (n), for each symbol period n to obtain an initial impulse response

estimate, y(¢4,n) for £=1, ..., P, for that symbol period (block 612). The inverse
transform may be an IDFT or some other linear transform.

[0051] The initial impulse response estimate contains a phase ramp across the P
channel taps. The slope of the phase ramp is determined by the index of the first pilot
subband. The phase ramp may be removed (block 614) by multiplying each channel tap
as follows:

. ”(k,.-l)(l—l)
Fn) =Wt yhmy=e & .yLn), for =1, .., P, Eq (6)




frequency domain. Code matching refers to the
processing with the pilot code of the desired
wo c@eend7g er to obtain the channel estimate foPCT/H82005/024612
desired transmtter and to either suppress or cancel
the pilot interference fromthe other transmtters.
[0050] FIG 6 shows a process 600 for deriving a
channel estimate by perform ng code matching in the

KR o B inpLo i 6 0L BinClon G e bl <.

respo t t [ t

ol e b2 s%‘fﬁpg’é& ?9“30%. AERGEn hey edr ?mor iomgval
matchl ng for each channe] tap to obtain a final .
Thepterse “fesporlinstead of méi '@ " 4 nb” egeackafl {'f Qhinihesgponent in
I niti aI ly, the receiver perfornms an inverse transform

esyation (P aredus trothe dndigss %t*},rﬂ% Pt 1 ingigad of G. o fndgx ok, mﬁlxs@ for all

. ggg$@§%6 HE%)ﬁgb(? Iphlgi ttan%;ms%loq § %}1\%' z?nda 15 élgeren? 8qr different
dyiiol %Wi@@' foP el RsbgeRldGhilot BhromissiOe s¢HRHR! SFhet PASS fa% emoval

nay be an EDFT or sone other l|inear transform [0051
ande invarsei wansforpumsy flse dgnperfamedneansugenibaihong fiemdwing an

taps. The sl ope of the phase
Jp%ﬁ%ra&lgﬁ%%&r{r}ngﬁgd—ﬁﬂﬁgﬁé i ndex of the first pil ot
[0051jand Thé hecghas performis @ode eateldng vad t]ﬁebhﬁ)mhl Gﬂaﬂbﬂsbyresponse

mul ti pl yi ng each channel tap as foll ows: és
qlsgrqa}es)( ﬁerng aswamg, FeHgV alfog r9161f1p}q) symbpb peqlo 1w1th the time-only

csodlggg%gl}}@gg sy oi)c?epgllralﬁzgi df%}( eg{]h dfa Qn&%){ é)tr t&t]ggsﬁtl?]n) £ may be
penfonmed ag foblofver synbol peri od n after phase ranp

removal . The terrrs " kH 1" (instead of """) and " -1"
(instead of "") in the exponent in equation (6) are

due tphHhe hyggegharting atgdoinstegd of 0. Index gq(7
Jen |s(f) @?ofggllgsynbol pe?| ods’ for fhe fixed 1

pi | ot transni ssion scheme and is different for

di fferent synbol periods for the staggered pil ot
whansh{4ss te SdinelmanclTae fqritisdesiredrpransentserabndind
inverse transform may al so be performed concurrently
in on®& isthedength phthgtimgprlyedat e inverse transform
matri x. [0052] The receiver perforns code matching on

Aﬁ ehqvm inj eqnationy(7).ske Rebpaned tape in thmm@gl lpamﬂsgrreq@ha@eestlmates at
ft'alc ap H} ex/%ogltlgr? y, areI BI'SP lmeultﬁ}ilng Witth ?hel go%?ug%ed code Salues of the

pilot code ass1gned to the desired transmitter. The results are then accumulated to
obtain the channel tap for that tap index/position £.

[0053] The channel impulse response for the desired transmitter may be assumed to
have a length of L, where L <P. In this case, the receiver may truncate the impulse
response estimate obtained from equation (7) and set each of channel taps L+1 through

P to zero (block 618). This truncation may be expressed as follows:

. h(e) for £=1,..,L
h(£) = Eq (8)
0 for ¢=L+1, .., P,

where I;(E) is the Z-th channel tap for the final impulse response estimate for the

desired transmitter. The truncation removes the noise in the excess channel taps with



code (block 616). The code matching for each tap index

(or tap position) may be perfornmed as follows: h() =
wooe/om7o8 for t =1, .... P, Eq (7) where h (PCT/5S1008024612

-th channel tap for the desired transmtter; and Ris

the length of the tine-only ggde. As shown in equation

(7), the R channel taps in the initial inpulse

response estinmates at each tap index/position are

| ISt Loli it ]E?o' t;e epV,
t%l#w éﬁ%f:‘%gg%} e%tglél éﬁ aglsig; gir;feé o&t %E‘y g%sl,i r e(g'l%ﬂr %nag‘lfri g?.gd’ then the
rétevaranail pefornecdde emateting forloatyethe tfirstab channel faps ahblocieb16 and
tap, f og that tap index/position . [0053] The channel
phlosk 6lésponse for the desired transmitter may be
(065412 d Th tiiRVSorfaih SHEH afhink: shBRR'iR FIG<6 Pray BeludellifSr both the
case, the receiver may truncate the inpul se“response
foedi andt staggotedi pikd tfangmissiqu atheores( 7Anyirdertast reache ofed for pilot
channel taps L+l. through P to zero (bl oc 18) ... This
LG A S R Pﬁgseframpo%ﬁgw%@%&lﬁks ijtgflace used
foh?ilot&fhn@rhﬁ@iﬁﬁ,' astsBOwh & edudBon (6)2pridrt® BeFEMIiLS eS8 matching.
estimate for the desired transmtter. The truncation )
[0853v e s Fi(ie7 slanvsea iprpoesse’ Wk g sleriving rinehanpel mstipiateriyaperforming
| ndi re t I a [, t.aps. L+l _-thr h R .
08" FERRALC R the | RNy dowGh0R0F o WARSOE I U Tor s
embicdivherg, ther receivyr péréorinsride lmatblhing en thepecdivedopidstksymbols to

16 and omt block 618. [0Q054]. The tine-domain code i
cﬁé&le rﬁeWgteérﬁaw%ﬂsrﬁnﬁu féén éL%%gnm&&reﬁmn% Gegmptpdor the desired
n o q y
HrkEh Tt O08E Al ShibIRESAL PSRN EIRTS AR )

keOel V@ , fFRRMESynitY pBHaE £ withthe PASOSId8 eiCth¥idbdired insmitter to
interlace used for pilot transmission, as shown in

SHIMALthO Qetebtbd sPhbBls, 7@k PST oo FERY, (AP, ERARat" B Plriod (block
[0055] FIG 7 g{?ovvs’ gep’?lgcess 706" (o? deriving a P ®
TIRINTRE dQedtedRinthdmBRPbé BxXpredded sde matching in the
frequency domain for a tinme-only pilot code. For this
enbodi nent, the receiver perforns code matching on the
r ecKikyd Tl @f)- Blkpiol,s t o obtai n detected synbols and
then derive an inpul se response esti matg_ fgr I&he

desi red transm’tti&.7 Initially. the recdPV&F pior (71) 5
mul tipl i esta)p X GehubR@rdl Geghbol s, Y(k, n) for k
e Kpilot (n) , fdr' each synmbol period " with the pilot
code for the desired transmtter to

where C(n)-C’(n)=1, R(n)=X,(n)-C"(n), and W(k,n)=W(k,n)-C"(n). Equation

Eq (9)

(9) indicates that the P detected symbols for each symbol period are P channel gain
estimates for P pilot subbands. These channel gain estimates are degraded by both pilot
interference from the other transmitters and noise.

[0056] The receiver then performs an inverse transform (e.g., an IDFT) on the P
detected symbols for each symbol period to obtain a P-tap initial channel impulse
response estimate, z(£,n) for £=1, ..., P, for that symbol period (block 714). The

initial impulse response estimate may be expressed as:

z(4,n) = h(Z,n)+iR,.(n)-g,.(E,n)+W(£,n) , for £=1,.., P, Eq (10)

i=1

where Ah({,n) is the £-th channel tap for the desired transmitter;



obtain the detected synbols, Z(k, ) for e Kpilol (") ,

for that synbol period (block 712). The detected
wapbolwosay be expressed as: for Kpilo" , Eq PON/US2005/024612

=H(k,n) + G(k,n)-Ri()+Wk, ) , i =1 where C(n) =1, R

(i) =X (Ti) , and Wk, )=Wkgn) C (n) . Equation (9)

i ndicates that the P detected synbols for each synbol

period are P channel gai n estimates for P pilot

SUbban(a? 5? fl%alangelt afort}{eeﬁzt % m?g:tgﬁge teirded by

bot h Fence rrom ers

R

synboi;gy, fzﬁﬁs #13G10is8 Yoné /P@Idhashe Gipobt ain a P-tap
|n|t| al annel inpul se response estl mate, z(, ) for

Ilnnefq[uptécrn ll%lﬁh%or : 2@@” él‘t‘g&) %ﬂt‘rpﬁ %ﬁag b'ltt] q’@%‘% 3&% gghlée wireless
cﬁ’lgigge)l Erl gﬂ‘?)ﬁ'ﬂﬂ inter er)nght%nkl?nt{}} tot ﬁf(a ’rgl:)ehverf 2 ua'f\on (1(2? 1Pdlcates that

cha ne

dable chemel & A(as)sfor theedestrpd trapsmistet disservieh M bantespondiag channel
for the *-th interfering transmtter; z(, ) is an
teps fonthedM aitexfering transolitdernel tap for the desired

and w t he noi 0
RSnel ThEsece i abinbrdtne oyt . Sfansing ¥ ity s for each
efﬁabﬁ)Dpeﬂcﬂqb}o&h 7¢6paaRilotwep of the wirel ess channel

omthe /-th interfering transmtter to the receiver.
Equati on (10) I ndi cat es that each channel tap h(, )

for th ed transnyt rvwes M gorrespondj ng
chann%['fap kf of (tq’ﬁ’ I\7I|nterfe?&r@’trangff‘gﬁtgt'grs:’q]l Eq(11)
[ 0057] The receiver renoves the phase ranp across the

‘?%?F ?V'@,?J) . i% Qf(?éA zf-?fx?ﬂ_%ai)%élzt(é%( Wmﬁ fplgﬁlc_)cg l(;lla‘ri]”é)él‘ ggéss)ramﬁsremoval.

THe( reBgiver thefi aedumulates the R db@dnfdl tgps) g efoz (n =), 1.8 Rt hébtained
-th channel tap for synbol period n after phase ranp
aceossth¢ pilot code length, for each tap index ¢ (block 718). The receiver may

-]

perform truncation to retain the first L channel taps and zero out the remaining channel
taps, e.g., as shown in equation (8) (block 720).
[0058] For pilot code scheme 1 in Table 1, the time-only pilot codes assigned to

different transmitters are pseudo-random with respect to each other across time. R;(n)

for each interfering transmitter then randomizes the pilot interference observed by each
channel tap for the desired transmitter. For pilot code scheme 2 in Table 1, the time-
only pilot codes assigned to different transmitters are orthogonal to one another across
time. The channel responses for the interfering transmitters are then canceled by the
code matching, unless the orthogonality is disturbed by time variations in the wireless
channels for the desired and interfering transmitters.

[0059] The length (R) of the time-only pilot codes determines the number of
transmitters that may be distinguished by the receiver with code matching. The pilot
code length is typically constrained by (and selected to be shorter than) the time

duration over which the wireless channel can be assumed to be static.



The recei ver then accunul ates the R channel taps,

~z(,n) for n =1, ..., R, obtained across the pil ot
waeowe/0lengyt h, for each tap index (block 718).Pdhes2005/024612

receiver may performtruncation to retain the first L

channel taps and zero out thegsremaining channel taps,

e.g., as shown in equation (8) (block 720). [0058] For

pilot code schene 1 in Table 1, the tine-only pil ot
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one anot her across tine. The channel responses for the
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tinme variations in the wirel ess channels for the
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he receiver with code matching. The pil ot code | ength

is typically constrained by (and selected to be
shor t &;(R)FaRkX FéX i me dutoatkioR,@er awhi eh thd, Eq (13)
wi rel ess channel can be assunmed to be static. 2.
Frequency-Only Pilot Codes [0060] For a frequency-only
pherst Xgdads atchde gimbnl serd@a shisband & byghei-thontesfering yransphitter.
Eﬁriods and only varies across subbands. The code

bl s FenB shyWs porersss P farderximgta ehanpel esigate for the desired

. = -| - . . t . .
PR30 gkl P L) e e B
pille syebblsefir bnengmbolt ariod [Wil6He pitve codel forshieridedisedstetmitter to
each interferin ransmtter r ed as: X
i et Sty 1 af Sy pried Tlpckbigs s Bifows: °°7 1)

, Eq (13) where X (Jk) is a code synbol sent on

subba by+theyipth interfering transmtter. [0062]

FI G qutoﬁgjgap¥g@e§s 800 for deriving a channe

estimate for the gesired transmtter forfoakeK ,, (n), Eq (14)
frequency-Qch)piZ@i(kgoEiek)ﬂWQky gceiver initi al Ty

mul tiplies P recefived pilot synmbols for one synbol

period with the pilot code for the desired transmtter

where C(k)-C"(k) =1 and R,(k) = X,(k)-C" (k).

=B

[0063] The receiver then performs an inverse transform (e.g., an IDFT) on the P
detected symbols to obtain a P-tap initial impulse response estimate (block 814). This

initial impulse response estimate may be expressed as:
M
2(0) =h()+ D _v,()+W(¥) , for £=1, .., P, Eq (15)
i=1

where v,(¢), for £=1, ..., P, is a P-tap “effective” channel impulse response for the i-

th interfering transmitter. This effective channel impulse response may be expressed as:

v,=g.9®r;, Eq (16)



obtain P detected synbols for that synbol period

(block 812), as follows: Z(k) =CQk)-Y(k) , for e
wpioboio79s Eq (14) =H(k) + G (k)-R i (k) +WKk) ,PCT/ES1005/024612

where C(k) -Qk) =\ and R (k) =X i(k) QKk) . [0063]

The receiver then perfornms anei nverse transform(e.g.,

an IDFT) on the P detected synbols to obtain a P-tap

initial inpulse response estimate (block 814). This

wﬁ?yg( S5 \l‘j’%’ﬁﬁwﬁ&fﬁs&f)%}mﬁ g“deépziéfe‘i ai
effective"

c h an nél isj a%a%@?%%ﬁé@ F?frth? R@SIP?W%P?ﬂadgr fering

trans Thi s, ef f nnel inpul se response
may b@ gem?eessascé ula?co %%i"k o &HiaEq (16)where g . is a

P- poi gt isl k [
[ spa g 1rsg|[i‘; ox?&%ﬁ?ﬂﬂ(ﬁd(‘fk&ﬁ?efogihﬁ g{m ?ﬁ%"bagﬁfjs

<8> ot.es ci r.cul tion; and v
B tooN pE feesipUp . ¢ gﬁrﬂﬁnw@wﬁ%f‘ S?‘Hl?n.@f’ fir 6¢0) over an
subbands In the foIIo descri ption,
T FANGE REBESS La fﬂe{qgé oer yr i (‘)566\11"@:0‘3 cantaining v,(0) for
Zg ropé;ate range of index i . For exanple, V1- is a
_guen € containing v, (f) for [0064] As shown in

AN 'Ol AL S BRI BRI B L5 cqul 10 the
5’&@31 leRghrle] MUK fe§fonBé BSfoRThEdds@bd rdfsntiRaNMAY ah eﬁwtﬁ% channel

response V1- for each interfering transmtter plus

. reéfonsd1 9 Wiorl dack dntédfériy traSinittdripguseidiact Ay ehown in equation
channel inpul se response V1 . for each interfering
(loprtbereffective icharmgliahpulse @sminse wl dor eaohwdenftringrtrafsmithes is equal
actual channel inpulse response g . and a tinme-donmain .
toorleirasdar eonvaution of e actyak clianned impnlse gespersgsgy ande time-domain
This time-donmain code sequence r,- is the IDFT of the
podecequenoé rf for tht ligerferomgetradsinittey. ff s tiledomsiarcbde saggence r; is
transmtter and the conplex conjugated pil ot code

tbe JIDF Trofrthe peoduetsofrthel pilotagnsiai X1(&) for the interfering transmitter and the

complex conjugated pilot code C"(k) for the desired transmitter.

[0065] For pilot code scheme 3 in Table 1, the frequency-only pilot codes assigned
to different transmitters are pseudo-random with respect to each other across frequency.
In this case, the time-domain code sequence r; for each interfering transmitter is a
pseudo-random sequence that spreads (or smears) the L-tap channel impulse response

g, for the interfering transmitter over P taps. If L <P and the excess channel taps

L +1 through P of the impulse response estimate z are set to zero via truncation, then

the pilot interference in these excess channel taps are effectively canceled. The pilot
interference in channel taps 1 through L is suppressed due to the spreading property of
the pseudo-random frequency-only pilot codes.

[0066] For pilot code scheme 4 in Table 1, the frequency-only pilot codes assigned
to different transmitters are defined to allow for pilot interference cancellation (instead
of suppression) under certain conditions. The frequency-only pilot codes may be

defined such that the time-domain code sequence r; for each interfering transmitter has

the following form:
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ti me-domai n code sequence r_ shown in equation (17)

Where ble, r%%w bé %élg&ecisf;or example, as T; =i-L. The function given in equation
(18) corresponds to a progressive phase shift across the K total subbands. The phase
shift changes at different rates (or has different phase slopes) for different transmitters.
For each transmitter i, the P phase values at the P pilot subbands, k €K ;,(n), are

computed based on equation (18) and form the frequency-only code values for that
transmitter. The same function F;(k) is used for each transmitter, but the P phase
values are dependent on the specific subbands (or interlace) used for pilot transmission.

[0068] FIG. 10 shows plots of the phase values across the K total subbands for four

cyclic-shift codes for four transmitters. The function F,(k) in equation (18) creates a



.29<*-I>T, F, (k) =e k, fsr =1, ..., K, Eq (18)

where T1 . nay be selected, for exanple, as T1-= -L .
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progressi ve phase shift across the K total subbands.
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di fferent phase slopes) for different transmtters.
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IP ngl{}% Xlib syrrbol s with the cyclic-shift code for
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index £=i-L+1 and values of O for all other tap indices. The channel impulse

response g, for the i-th interfering transmitter is then circularly shifted by i-L+1. If

P >M-L, then the channel impulse responses for all M interfering transmitters may be
completely canceled by setting channel taps L+1 through P of the impulse response

estimate z to zero.

[0072] If P<M-L, then a portion of the channel impulse response g, for an
interfering transmitter may fall within the first L taps of the impulse response estimate
z after the circular delay by r;. This portion cannot be canceled and degrades the

estimate of the desired channel impulse response 4. P may be effectively increased by



channel taps with indices greater than L renoves the
channel inpul se responses for all interfering
wo caadmi7wg ers. [0071] Pilot interference cancePCHUSZNG/024612
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symbol periods for the staggered pilot, different sets of phase values are also used for
different symbol periods.

[0075] If S, different interlaces are used for pilot transmission in S, symbol periods,
then the receiver obtains S, sets of P detected symbols for the S, symbol periods. The

receiver forms a sequence of Pr detected symbols with the S, sets of P detected

symbols, where P, =S_-P (block 914). These Pt detected symbols are for Py different

pilot subbands. The receiver then performs an inverse transform (e.g., an IDFT) on the
sequence of Pt detected symbols to obtain an initial impulse response estimate with P
channel taps (block 916). The receiver then performs truncation to set channel taps L+1
through Pr to zero (block 918).



different set of phase values for the cyclic-shift

code. The S sets of phase values for the Sinterlaces
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assigned to the transmtter, as shown in equation

(18). The P received pilot sygbols for each synbol

period are nmultiplied with the P phase val ues for the

interlace used for pilot transm ssion in that synbol
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I Pl oMy =Th SRp -ortgpgal piyl ot codes may Eq (20
ci rcul r’Iny)/ sﬁle%t?) Z‘S{E’) frost of th 1"‘lmr%t’erferi ng energy 1(20)
and may achieve a |arge anount of pilot interference
wRSe e (k) Ma SYRNsyMBOD sEht<onMubba®l k BT symbbl-period 3: by the desired
Ti me- Frequency Pil'ot Codes [0077] For a time-frequency
tparsaiitterode, the pil ot code varies across both subbands

n I ri o The code. ol ent by the
Bsi Lo e shEr TRl S @- B PRSTFrapsts sy Pe-ewpressed as:
SO(k,n)-P(k) , for e Kpilot (") , Eq (20) where C(k, n)

is a [.\S on d i fhasypol riod n
o thg?gézgﬁg?gﬂw A0 ,on rRRARd )i dhasyrpol, BE] Eq (21)

where X;(k,n) is a code symbol sent on subband % in symbol period r by the i-th

interfering transmitter.

[0079] The received pilot symbols obtained by the receiver with the transmitters
using time-frequency pilot codes are shown in equation (4). The receiver may obtain a
channel estimate for the desired transmitter in various manners.

[0080] FIG. 12 shows a process 1200 for deriving a channel estimate for the desired

transmitter, which uses a time-frequency pilot code S,(k,n) that is composed of a
frequency-only code F,(k) and a time-only code T,(n), as shown in equation (1). The

frequency-only code may be a pseudo-random code, a cyclic-shift code, and so on. The
time-only code may be a pseudo-random code, and orthogonal code, and so on. Process

1200 may be used for pilot code schemes 5 through 8 in Table 1.



transmtter. [0078] The code synbols sent by each

interfering transmtter nay be expressed as: X n) =
w®2qok/om7082(Jc) , for k e KpiJot (n) and i = 1, PCT/US2005/024612

Eq (21) where X (k,n) is a code synbol sent on subband

k in synbol period n by the 2qth interfering

transmtter. [0079] The received pilot synbols

obtained by the receiver with the transmtters using
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and orthogonal code, and so on. Process szog g‘?@t ,s Eq (22)
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edtimate fqro@23ynitiod pesoei(bleck rléid) p&h¢ mqws/eanilqnmcmoszes the phase

%a%ﬁ)”%%%%qbéﬁﬁﬁﬁmﬁiﬁpsgp 7 e BuiaBil et GfpeR 2T B s shown in

Hb® §11)e'S ADO Sec®dr! thBi %eﬁ@fmg figde-siyelic R@4tEIRAg on the initial
( l ock 1 12) The receiver then renoves the phase ranp

memudseyesppaseestimatas érfiar pbaseframp é@mhvaé}/f@b oultinde pysabol periods with
bl.ock 1214

B ehd, e iR 121 oY Rl bihpeOR Perfrmed for

Eeﬂhttéﬁallndex/posmon £, e.g., similar to that shown in equation (7). For each tap index

£, the receiver multiplies the channel taps at that tap index for different symbol periods
with the conjugated time-only code, T, (k), and accumulates over the length of the

time-only code to obtain a channel tap for that tap index. The receiver then performs
truncation to retain the first L channel taps and zero out the remaining taps (block
1218).

[0083] In an alternative channel estimation scheme for time-frequency pilot code,
the receiver multiplies the received pilot symbols with both the frequency-only code and
the time-only code to obtain detected symbols having the entire pilot code removed.
The receiver then accumulates the detected symbols across multiple symbol periods for
each subband % to obtain a combined symbol for that subband. The receiver then
performs an IDFT on the combined symbols to obtain an initial channel response

estimate and further performs truncation to retain the first L channel taps.



i mpul se response estimates (after phase ranp renoval)

for multiple synbol periods with the tine-only code
waogoapi197bé ock 1216). The tine-only code mat chi PQI/IS2005/024612

performed for each tap index/position | , e.g.,

simlar to that shown in equapion (7). For each tap

index , the receiver multiplies the channel taps at

that tap index for different synbol periods with the
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truncatlon to retain the first L channel taps.[0084]
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estimat @dlengﬂlo&g]cry appgndiagizeres. THee regei@ernmay then perform a K-point

forward transform (e.g., a DFT) on the extended impulse response estimate to obtain a

frequency response estimate with channel gains for all K total subbands.

[0086] The pilot transmission and channel estimation techniques described herein
may be implemented by various means. For example, these techniques may be
implemented in hardware, software, or a combination thereof. For a hardware
implementation, the processing units used for pilot transmission at a transmitter may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,

micro-controllers, microprocessors, other electronic units designed to perform the



may then obtain the channel estimate for individual
transmtters within the sel ected group by perform ng
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of the pilot code schenes, the receiver nmay obtain the
final inpulse response estimate for the desired
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[ 0088] Headings are included herein for reference and

to aid in locating certain sections. These headi ngs
wae@enod708 nt ended to Iimt the scope of the coPCEPE®05/024612
descri bed therein under, and these concepts may have
applicability in other sectiofs throughout the entire
specification. [0089] The previous description of the

di scl osed enbodi nents is provided to enabl e any person

skilled in the art to mak e the present
i nvention. Various nodifications to these enbodi nents
W ll be readily apparent to those skilled in the art,

and the generic princjples defiped herein may_ be .
appl iled t d* Brethof of RETRES changel sstmation Phf Piikglpss FQIRmunication
SPidddsi: scope of the invention. Thus, the
SgélgIélé%Iﬁéé]S\lle tion is not intended to be limted to the
enbodierieimgsa siaahtyhef éiitialbimpulse respbascacstioratesdfarhe plurality of

mngeE$ saope consi stent with the principles and novel
0d338d| osed herein. CLAIMS 1. A nethod of

per f QefloRflingtaa8 flatitig StHePhuraltyPofihitRl GfSulse response estimates
conmmuni cati on system conprising: deriving a plurality

with afirsti eddei fapaiteaasmattep do obtairs & final dmpyles respensgrastimatg for the

of syppol periods; and perform ng code matching on the
sritier. . ) : !

tf) ralfity of initial inpulse response estinates with a

first code for a transmtter to obtain a final inpulse

response estimate for the transmtter, 2, The nethod _. ..
of clai m ilheymsthed ot elaingdy i\@ﬂ%@nt‘ﬁa\e dsriying E\ey&fﬁahw of initial
TN ' estinates conprises obtainin
ifputsk %Spbﬁ%@sﬁlﬁa{f g@ﬁn@gﬁg g

a set of recelve for a set of frequency _
subbaobttEning aesset bf oiceivieé spmbolalfort ¥ setf of Syeguencypmibbardls,in each of

nd rform an.ipverse transformon the set of
t?%g@:?ﬁ’éﬂ?i?ﬁ%l Beﬁ“?ﬁg’ h symbol period to derive an
i ni ti Rk folAg] HAnVRSPPaEC RS HBlset JfAtcdived syBBR! for each symbol
period. 3. The nethod of claim 1, wherein the deriving

nemied i deraei anyinigipl imyjulseapspopgnastmatedopthe sembelk perigtes
conprises obtaining a set of received synbols for a
set of frequency subbands in each of

3. The method of claim 1, wherein the deriving the plurality of initial

impulse response estimates comprises

obtaining a set of received symbols for a set of frequency subbands in each of
the plurality of symbol periods, wherein at least two different sets of frequency
subbands are used for pilot transmission, and

performing an inverse transform on the set of received symbols for each symbol

period to derive an initial impulse response estimate for the symbol period.

4, The method of claim 1, further comprising:
removing a phase ramp in each of the plurality of initial impulse response

estimates.

5. The method of claim 1, further comprising:
determining a set of frequency subbands used for pilot transmission in each
symbol period, wherein at least two different sets of frequency subbands are used for

pilot transmission in the plurality of symbol periods; and



the plurality of synbol periods, wherein at |east two

different sets of frequency subbands are used for
w@Reoe1470@Ns M ssi on, and perform ng an i nver SePCT/US2005/024612

transformon the set of received synbols for each

synbol period to derive an ipstial inpulse response

estimate for the synbol period. 4. The nethod of claim

1, further conprising: renoving a phase ranp in each

of the plurali of 1 ni.ti i 1 .
csti gpBeee Phkes”fan by Bph (R BipIEEPRRSe estimate for cach
sYEBI petioddbasélpdrethiisel sifrauemly subbdnde gsefoy plofearaisssion in the
used for pilot transm ssion in each synbol period,

PEPFHIodt | east two different sets of frequency
subbands are used for pilot transmssion in the
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position in the final 1hpulse response estinate. 7.
The method of claim11, further conprising: deriving a

plurality qf sets. of  det synmbals for the

pl ur gi'i ty ﬁ?‘gi}ﬁ%‘bf’{ﬂ@m gg—éﬁ%ﬁ§§ﬁmgﬁmg‘ second code for
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nesioisrbased o esprond egdpor they transgittes. i nver se transform on
a set of detected synbols for each synbol

8. The method of claim 7, wherein the deriving the plurality of initial
impulse response estimates comprises
performing an inverse transform on a set of detected symbols for each symbol

period to derive an initial impulse response estimate for the symbol period.

9. The method of claim 7, wherein the deriving the plurality of sets of
detected symbols comprises, for each of the plurality of symbol periods,

determining a set of code values based on the second code and a set of frequency
subbands used for pilot transmission in the symbol period, and

multiplying a set of received symbols for the symbol period with the set of code
values to obtain a set of detected symbols for the symbol period.

10.  The method of claim 1, further comprising:
retaining first L channel taps in the final impulse response estimate, where L is
an integer greater than one; and

setting remaining channel taps in the final impulse response estimate to zero.



period to derive an initial inpulse response estinmate

for the synbol period. 9. The nethod of claim?7,
wob@ceierog he deriving the plurality of sets of PdrUSIN®0R4612
synbol s conprises, for each of the plurality of synbo
periods, determ ning a set ofgcode val ues based on the
second code and a set of frequency subbands used for

pilot transmi ssion in the synbol period, and

mul tiplying a set of received synbols for the synbo
period with the set of code values to obtain a set of

det ectled S’ylliﬂmkthocﬂofclhinel,stjmhmicop@ltﬂsﬁ@ 10. The met hod

of claiml1, further co g S|n retaining first
chanriftingghannel taps dn the e fize! §85p98§ep?§ﬁ§@tee‘§’(th W&gréltude below

YR &etmihsd &%shequs%mgreat er than one; and setting

remal ni ng channel taps in the final inpulse response
estimate to zero.11l. The nethod of claim11, further
conprj.sing, setting. chan a t he f.inal pul se
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for a transmtter to obtain a final inpulse response

estimate for the transmtter. 13. The apparatus of

clai m3l2, fh ihefancUTRIHiA 129 furBetCimsisigL or operative

to provide a set of recelved synbols for ‘a set of

f r eque remodulbtoa mpsrative dacprowide theetpbliredeivied symbojsrhisl a set of

eri ods nd wher n I mat.or
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an initial inmpulse response estimate for the s¥

thesetorf receaved mymbalsifar each symbolaesiohtq derivgrasy iaitie trmulse response
e operative to, for each tap

%Ici}g{k Sﬁﬁt}r%’%to %’i%‘ramy of tap positions, identify

a plurality of channel taps at the tap position in the

Iurallt of initial
P y The apparatus of claim 12, wherein the channel estimator is operative to,

for each tap position among a plurality of tap positions,

identify a plurality of channel taps at the tap position in the plurality of initial
impulse response estimates,

multiply the plurality of channel taps with a plurality of code values for the first
code to obtain a plurality of intermediate values, and

accumulate the plurality of intermediate values to obtain a channel tap at the tap

position in the final impulse response estimate.

15.  The apparatus of claim 12, wherein the channel estimator is operative to
retain first L channel taps in the final impulse response estimate and to set remaining
channel taps in the final impulse response estimate to zero, where L is an integer greater

than one.



I mpul se response estimates, nultiply the plurality of
channel taps with a plurality of code values for the

wo poostiwesie to obtain a plurality of internedi BABUS2005/024612
val ues, and accumnul ate the plurality of internedi ate
val ues to obtain a channel tap at the tap position in
the final inpulse response estimte. 15. The apparatus
of claim 12, wherein the channel estimator is
oper altd.ve "h% 4 ?5:%&'@ Jf'cﬁefhtn 1l2 QNG h}etcigﬁne'l rﬂm‘ haeto{wisrl%le ative to
I mpul seé respoﬁ e estimate an 0 set remaining chan &l
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synbol or the plurality of synbol period ased on a
foethersgmbobigerfodr t he transmitter and to perform an
i nverse transformon a set of detected synbols for
each synbol period to derive an initial inpulse

respopse eptd sppafutdsOst é1ien 33 WRéreiethe st cbde fdMfhe transmitter is
apparatus of claim 12, wherein the first code for the

erthogonal te atrlegss ong ethergasheode dorat I¢astesie athas tignsraitter.j r st

code for at |least one other transmtter. 18. The

apparatus of claim 12, wherein the first code for the

t ransrg.t t eThd sppareusder ¢laind ¢D) whérbinr the [fsttcode fait tHeatdibmitter is
one other first code for at |east one other

RseudrsrAndem, With gesperie ty3hdeast gue githes) fiistcads fothal lepst one other
iR ond code for the transmtter is pseudo-random

wth respect to at | east one other second code for at

| east one other transmitter. 20. The apparatus of

cl ai 6, erein th ecand code for the trapsmtter . .
T a1 ol i PhRCirprRnis g T Y whoG 48 srdosd hOSRR ek dimitier i
PRI Rindadhi With S¥spe@Mo ROERY iohk NEher R {ddle MRTat YéadUofe other
plurality of initial inpulse response estimates for a
ipangmaftért y of synbol periods; and neans for performng
code matching on the plurality of initial inpulse
response

20.  The apparatus of claim 16, wherein the second code for the transmitter is

a cyclic-shift code.

21.  An apparatus in a wireless communication system, comprising:

means for deriving a plurality of initial impulse response estimates for a plurality
of symbol periods; and

means for performing code matching on the plurality of initial impulse response
estimates with a first code for a transmitter to obtain a final impulse response estimate

for the transmitter.

22.  The apparatus of claim 21, wherein the means for deriving the plurality
of initial impulse response estimates comprises

means for obtaining a set of received symbols for a set of frequency subbands in
each of the plurality of symbol periods, and

means for performing an inverse transform on the set of received symbols for

each symbol period to derive an initial impulse response estimate for the symbol period.



estimates wth a first code for a transmtter to
obtain a final inpulse response estimate for the
wo ec@a®n7vg er . 22. The apparatus of claim 21, WeT/@52005/024612
the nmeans for deriving the plurality of initia
i mpul se response estimates cogpri ses neans for
obtai ning a set of received synbols for a set of
frequency subbands in each of the plurality of symnbo
peri ods, and neans for perform ng an inverse transform
on the set of received synbols for each synbol period
to desive The appatdtéd of RiithsS21,r wh@eins theeichmmit® peforinivez code
symbol peri.od. 23. The apparatus of claim21l, wherein
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conprising: neans for retaining first L channel taps

in the final inpulse respgnse estimate, where L is an
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25. T clalm 21,

estimate to zero. . The apparatus o
wher¢ hes acntgger gieatgr thavans; ahdr deriving a plurality of

sets of detected synbols for the plurality of synbol A
ot | BB IUCHH e BB 00d AT P I dplse rbonse estimate
toRerowherein the neans for deriving the plurality of

initial inpulse response estimtes conprises neans for
performng an inverse transformon a set of detected

synbols f | . i 0 rive an initial
[ rrpulojssé rg@ﬁ%ﬁﬁ%@%ﬁ%ﬁ?@%’o@ﬂ?%recosj)r%lo "period. 26. A
met hafeanb fpedériving acploratitynef sets bf detedted symibels ibrr tHegsiarality of

conmuni cati on .
symbol periods based on a second code for the transmitter, and

wherein the means for deriving the plurality of initial impulse response estimates
comprises means for performing an inverse transform on a set of detected symbols for

each symbol period to derive an initial impulse response estimate for the symbol period.

26. A method of performing channel estimation in a wireless communication
system, comprising:

deriving a plurality of detected symbols based on a plurality of received symbols
for a plurality of pilot subbands and a cyclic-shift code for a transmitter, wherein the
plurality of pilot subbands is a subset of a plurality of frequency subbands for the
system,;

deriving an initial impulse response estimate based on the plurality of detected
symbols; and

deriving a final impulse response estimate for the transmitter based on the initial

impulse response estimate.



system conprising: deriving a plurality of detected
synbol s based on a plurality of received synbols for a
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for a transmtter, wherein the plurality of pilot
- subbands is a subset of a plgpality of frequency
subbands for the system deriving an initial inpulse
response estinate based on the plurality of detected
synbol s; and deriving a final inmpulse response
estimate for the transmtter based on the initia
i npul B r eBromsthoé D ichmin 262 whetdie theddrddng thecplatatity26f detected
wherein the deriving the plurality of detected synbols
SCOBPI§et ermining a plurality of phase val ues
basedjpiridlf: %y;qgﬂﬁgfy;g{ {)ﬁasg Qdfie@ BekeliNh f}’ile%_ry?{i/é-%l%iﬁcgode and the

pi | ot subbands, I plying the plurali

plenbiyefpiley sibbhmdswatich t he plurality of phase values to

bt ai he . pl Lit f. detected.symbol s. 28. ..Th

oot ndulip it e b B S R Vith oo AiagS phase vatues
fo BB IS fhe PRARRINY DE deSttedByBbSIONDr | Ses setting first L

channel taps in the final inpulse response estinate to

first L channel taps in the initial inpulse response

estl R e, mex{lgthkdio cl3iin F@tﬁﬂe%m%‘?ﬁérﬁ{in%Hﬂ%q}n%pﬁ?plﬁ&q'esponse
setti'ng renai ning channel taps in e firnal I'npul’se
dsafpeompeisés mate to zero. 29. A method of perform ng

channel ~estimation in a wireless co ni cati on system
conprielinggfirsidr hanagl &pp o the fingl gpPwes gese?nsaeqse%\a@dto first L
%ﬁﬁ@lt%SQQﬁl’?@inﬂfhl "i’mPLlllHé ﬂ:‘s#&ﬁée QbtimSk Swhdre 168 Gh \{fdger greater than
synbols for a plurati

ty of synbol periods and a
anechndc- shift code for a transmitter, wherein each set

f i ved synbol.s is. for t.of pilot bband
Chat Y03 TEmRNE nat saes i el s ineass Shipbiiagero
for the system deriving at |east one initial inpulse

response estinmate based on the plurality of o
29. A method of performing channel estimation in a wireless communication

system, comprising:

deriving a plurality of sets of detected symbols based on a plurality of sets of
received symbols for a plurality of symbol periods and a cyclic-shift code for a
transmitter, wherein each set of received symbols is for a set of pilot subbands that is a
subset of a plurality of frequency subbands for the system;

deriving at least one initial impulse response estimate based on the plurality of
sets of detected symbols; and

deriving a final impulse response estimate for the transmitter based on the at

least one initial impulse response estimate.

30.  The method of claim 29, wherein the deriving the plurality of sets of
detected symbols comprises, for each of the plurality of symbol periods,

determining a set of phase values based on the cyclic-shift code and the set of
pilot subbands used for pilot transmission in the symbol period, and

multiplying a set of received symbols for the symbol period with the set of phase
values to obtain a set of detected symbols for the symbol period.



sets of detected synbols; and deriving a final inpulse
response estimate for the transmtter based on the at
woe@stione initial inpulse response estimte. BOT/US1065/024612

met hod of claim 29, wherein the deriving the plurality

of sets of detected synbols ggnprises, for each of the

plurality of synbol periods, determ ning a set of

phase val ues based on the cyclic-shift code and the

set pi | edqf t n S

t he g’:fyl whol ﬂ%eeﬁl:églgg cc}éﬁ?ir]u ??’i et@ir{ file éerrﬁr @n}hse étolgaét E)ne initial

mgmmlr&pbﬁiedshma&m‘ﬁ@hsmri od W|th the set of phase

val ues to obtain a_set of g‘gft cted syn‘gols faor the

sy mbaAvepgingotheanlurafiie ofsety dttectrd s ols tpnehtainm equence of

geeé&é@%bgﬁea@& | east one initial inpulse response

esti mate cof"rprlses averaging the plurality of sets of

det ecpeefbrmjnganl invdrse tobisfirm en the gemwoes aff dettetedosymdbols to derive a
and er orm n inverse transformon the

%@bg}%@l@?‘l l§eresrensg cXMHS s to derive a single

initial inpulse response estimte. 32. The net hod of

claim 29, wherein the deriving the at |east one

i niti3. i b methodsgforiaion 29 wherein dhengharivarss thieoptnlepsy aae initial

e n [ t ols with the plurality of
fz“é’%’“% S%gg{ee%%"gﬁw%ﬂjﬁ%g? and perform ng an inverse
t r ansfoamhifigon sédﬁén&eﬁﬁlmwecbﬁyxﬂlﬁle@h&dth&)mﬁmh@ 6fosets of detected
derive a_single initial inpulse response estinmate. 33.

d of claim 32, vvherel n the deriving the final

| mpul By ESE fHRE G GTRE s8R SEY defidd difbols to d
channe tap V‘ﬁ t?l nal i npul ssicﬁlr%gsponse esti matoe ‘t)oenvea
ﬁhglsﬁnmaloimapnlsekespms estimgtbe single initial inpulse

response estimate, where L is an integer greater than
one, and setting remai ning channel taps in the final

i mpul 3£ r ePROMSMoE OF LIABA 82! Whe8inCGhe dérvind theMtal Afipidée response
claim?29, wherein the deriving the at |east one
¢Sﬁmai6a¢0mprlses

setting first L channel taps in the final impulse response estimate to first L

channel taps in the single initial impulse response estimate, where L is an integer greater

than one, and

setting remaining channel taps in the final impulse response estimate to zero.

34.  The method of claim 29, wherein the deriving the at least one initial
impulse response estimate comprises, for each code value among a plurality of code
-values for a second code for the transmitter,

forming a sequence of detected symbols with at least one set of detected
symbols for which the code value applies, and

performing an inverse transform on the sequence of detected symbols to derive

an initial impulse response estimate for the code value.

35.  The method of claim 34, wherein the deriving the final impulse response
estimate comprises
performing code matching on a plurality of initial impulse response estimates,

derived for the plurality of code values, with the second code.



i mpul se response estimate conprises, for each code
val ue anong a plurality of code values for a second
wa@owe/0ions the transmtter, form ng a sequence BET/US2005/024612
detected synbols with at | east one set of detected
synbol s for which the code vahue applies, and
perform ng an inverse transformon the sequence of
detected synbols to derive an initial inmpulse response
estimate for the code value. 35. The nethod of claim
34, wherein the deriving the final inpulse response
estiny.e chinethed opelhinoldyifigheat @dmprisinghi ng on a
plurality of i nitial |npuls response estinates,

der| Viehinipg figstd- ¢hagpe]) taps indhe palaimpaiisgdespoppe ¢stimate, where L is
R;Ifg ?@Q&lﬁ%oﬂgl%@et hod of claim29, further
conp

retaining first L channel taps in the

final settmgulemelnl@qham tapstin thetfnal inhmiise respfogsaestimatestgezero.
greater than one; and setting remaining channel taps
in the final inpulse response estimate to zero. 37. An

apparst us Afl appathti €IS wirelesiBonink@litHon Systéf rT&ompnsmg
conprising: a denodul ator operative to provide

pl ur ad demodraterepergiverte Psowideia pluatlsy of seip oarq@lemeélsymyols for a

p@to d a channel estimator operative
?‘L‘%ﬂ Jﬁ%&%?oﬁf’i 31of sets of detected synbols

baseda elmmblees}mlmattcal dpeyativk t6 @efivoh pleakiyveftsessyobddtect@nsymbols
a s‘¥cllc shj ft code for a transmtter, to derjve

tonofhe Phrality ofj sty 106 deseivgd rabols tandpt éyslécsélaﬁofpde for a
g;lﬁnmtéfr @ dthf o 158 Bﬁe Hitigl %Eﬁfs@ﬂas?é‘r{m %tﬁ?até'a el n the plurality

erive a final 1nmpulse response estimate
of sats of tletectedbasmbolsn anch¢o deriveeadinabmepulse tesabnserqsutrme for the

espo ti The aratus of claim 37,
(BRENT Sere ailh AP 0Bt MUISRPUSosSRlt? CUTAR S of m a
sequence of detected synbols with the plurality of
sets of detected synbols and to perform an inverse

t rans3®%r m Bie anaé@qftféﬂ%@ Bt whereit thecchayne gptimater is operative to
%ﬁé’ a\é%ﬂg?n? gy ﬁpEt@{i tsmlb% W%ntgg gfu?g‘l?ﬁ 54 ? g?{?‘ gﬁ%@d siibols and

erfoat An m@ersep@mfommﬁ thededqueviee of @étwtai $ynybodd to derive a single
initial | npul se response estimates for a plurality of
Wil iIppylsriesyapse estimate.

39.  The apparatus of claim 37, wherein the channel estimator is operative to
derive a plurality of initial impulse response estimates for a plurality of code values for
a second code for the transmitter and to perform code matching on the plurality of initial

impulse response estimates with the second code.

40.  An apparatus in a wireless communication system, comprising:

means for deriving a plurality of sets of detected symbols based on a plurality of
sets of received symbols for a plurality of symbol periods and a cyclic-shift code for a
transmitter;

means for deriving at least one initial impulse response estimate based on the
plurality of sets of detected symbols; and

means for deriving a final impulse response estimate for the transmitter based on

the at least one initial impulse response estimate.



a second code for the transmtter and to perform code

mat ching on the plurality of initial inpulse response
wesdocond7es Wi th the second code. 40. An appar aPOFUBI005024612

Wi rel ess comruni cati on system conprising: neans for

deriving a plurality of sets3pf detected synbols based

on a plurality of sets of received synbols for a

plurality of synmbol periods and a cyclic-shift code

for a transmtter; neans for deriving at |east one

initial inpulse response estinmate based on the

pl ur adii.ty THe sppamatnsfofddiifcd®@dvissreiiahe means foreRfASingQit least one

deri vi nq a final inpulse response estinmate for the

infigh EARYIseesnORSLeFtigIRte SRERIISEY east one initial inpul se

resPafsssaot fdiq?ﬁr% fHequifie GRRALCHI o1 With M Blurality of sets of

wherei n the nean ?or deriving at I"east one in tlaﬁ

detgrtddssymbetspambe esti mate conpri ses neans for formng

a sequence. of detected synbols with the pluralj f

zet o B dr e B Loroa s en 1 s<Ratrd phisig e symbots
o AVS & stnkRNATAl MRAkerBPoafAdamar. of detected synbol s

to derive a single initial inpulse response estinmate.

42. The apparatus of claim40, wherein the neans for

42 40, v
ot i e b rebERle QI dkin AP hfs KZOANAR the at teas

dilelinitial inipulfe @oSbmsy asdtintfie tohprsesciopractcasdie viaile dnliuhg a plurality
transmtter, neans for fqorm ng a sequence of detected

2fyeeee Valugs for 2 gecond gede ﬁgﬁgx.eﬁapsg;ttea,et ected synbols for
whi chnb g ﬁ?qﬁm‘ﬁ? Lhes&ﬁgﬁdﬁeéf d@t@&e&‘%?ﬁ?o%%itﬂeﬁg%moﬂg set of
rmon t 0

an inverse trans e seguence etecte
deyerival synibolsfer whehdire cadietviabile applpesl ael r esponse esti mat e

hr CPRIEREY PRSRETIEN TG FRGTCALOR EeafarpL L eected symbols

foQRAPE &2 iS4l iMPhISe FeQpOHst SQTMAIE AR Ihd &JdeR@REOr M Ny code
mat ching on a plurality of initial inpulse response

estimates, derived for the plurality of code val ues,

W th :{we cond caqde. - of . p rim -
chan n%e " es ienﬁ?qa{)ér%usl ﬁf gfh\}mm% ’es@e(}glgrrtlflrlﬁ nrlgéa itg%%nvmg the final
impulse response estimate comprises

means for performing code matching on a plurality of initial impulse response

estimates, derived for the plurality of code values, with the second code.

44, A method of performing channel estimation in a wireless communication
system, comprising:

obtaining a plurality of received symbols for a plurality of frequency subbands;

deriving a plurality of detected symbols based on the plurality of received
symbols and a frequency-only code for a transmitter;

deriving an initial impulse response estimate based on the plurality of detected
symbols; and

performing truncation on the initial impulse response estimate to obtain a final

impulse response estimate for the transmitter.

45.  The method of claim 44, further comprising:



system conprising: obtaining a plurality of received
synbols for a plurality of frequency subbands;

wa@leswiatge a plurality of detected synbol s basePCDNS1008024612

plurality of received synbols and a frequency-only
code for a transmtter; derivdhg an initial inpulse
response estimte based on the plurality of detected
synbol s; and perform ng truncation on the initia

| MUl 9@erb @ALONSfHurahly BRUiGItRD iRBLRE Nrefpohbd ¥ty ARY! Gffai
response %s irra%ge fttglr t he 1trelmgrri fte .Ofnié;.%lsq%lg@?re%ﬁ%ged for a
oturelityiofsymbolipgriedser conpri si ng: averaging a plurality

of initial inpulse response estimtes obtained for a
plurality of synmbol periods. 46. The nmethod of claim

44, 46! hefThe afefiodifeBimsa] furfher chaiivglg: t aps in the
final inpulse response estimte wth magnitude bel ow a
pr edefEHRg FhamelHpRsiA dheifina) impylse resgonsaestimato withfmagnitude below

AR B el SrdsHRid Rizekd) @ Wirel ess communi cation

system conprising: generating a set of code synbols

for a set of pilot subbands based on a cyclicshift

code signed to.a transmitter, wherein the set of .

pi | ot azubbgn{%ﬁﬁog of tapsuiting @ pjlobm aowirelessogommupigatinny system,
subpasds for the system and transmitting the set of

code synbols on the set of pilot subbands. 48. The

met hodenstatmigea sat 4F codsheymabials fdrar spe € piot suhbars tmedd af a cyclic-

e G i ses,. for each s |..perjod w.th
SAAS AR R8P, Py e BBt M et or s
plibdlitn of freqedlcf aibbphdsdbr the 3Pk saidon i n the synbol
period, wherein at |east two different sets of pilot
subbaHasmyfme faeset pheods;symbolsioaibeses of pitotisnbhiintls.er ent
synbol periods, determining a set of phase val ues
based on the cyclic-shift code and the set of pil ot
subbad8ls uFbelimetodtdielammiowhpein the gendratigemersat 6f@de symbols

%%ﬁ]&ri%%, fglf ea%gqs)e/mgglnl;%%loa V\Plt Spelﬂ)t ?rgnstrrggsigne,t of phase

identifying the set of pilot subbands used for pilot transmission in the symbol
period, wherein at least two different sets of pilot subbands are used for pilot
transmission in different symbol periods,

determining a set of phase values based on the cyclic-shift code and the set of
pilot subbands used for the symbol period, and

generating the set of code symbols based on the set of phase values.

49.  The method of claim 47, wherein the generating the set of code symbols
comprises, for each symbol period with pilot transmission,
generating the set of code symbols based on the cyclic-shift code and a code

value for a second code assigned to the transmitter.

50.  Anapparatus in a wireless communication system, comprising:
a pilot processor operative to generate a set of code symbols for a set of pilot
subbands based on a cyclic-shift code assigned to a transmitter, wherein the set of pilot

subbands is a subset of a plurality of frequency subbands for the system; and



49. The nethod of claim47, wherein the generating the

set of code synbols conprises, for each synbol period
wowdaok/op7bot transm ssi on, generating the set OPCT/USE05/024612

synbol s based on the cyclic-shift code and a code

value for a second code assigged to the transmtter.

50. An apparatus in a wreless comuni cation system

conprising: a pilot processor operative to generate a

set of ynbo

on a CyC gigtté hanJ?tt(lp%r glgt[: ggg%ﬁhlé e Qét o? o&gmb%soﬁ)ﬂl%%gt of pilot

wbeakisn the set of pil ot subbands |s a subset of a

plurality of frequency subbands for the system anda

transmtter unit operative to transmt the set of code

synbog s onTléé%;rp%ﬂtusof)f AhinP 50 SWhEERdRe ﬁgt rbB&sor is operatlve for

apparatus o al m 50, wherein the p| %rocessor

eqob lsymbc'quqenbd withgqulot gymssupxe to wnmfytthe pﬁtlodjpllot subbands used for

transm ssi.on, to idenfif et of t . subband
elEdPR R it M YRR Reod & arimis R of PRERGHES Based on the
SRUSsHINBode aff tiRf sd? rkﬁS%ldtaduﬁﬁzﬁldbaﬁseﬂi fon theh8ymbol period, and to
cyclic-shift code and the set of pilot subbands used

merattmélewh@modp syinbels baspd arothg splegfahase ywluese whereircgdeast two
@ftnp % %etg aoﬁeglg X eu?]) hds Cre g{secg :'1*@(5) ?ﬂésftug_grgsﬁgssmle 0f 'dﬂ”fegént symbol

S set’s S are use
péodpi I ot transmission in different synbol periods.

52. The apparatus of claim50, wherein the pil ot
processor is operative to, for each synbol period wth

pi | ot 5.1 anphy bRirshb phbt S86RsHHTBRkStive to, f
based on tﬁ a}?a.fﬁu t co e and apcoaﬁevasueyggérr ive to, for
s@hcsynhbobpmrloalsmtlg pr.lct tr:msmlimwlnr geremte therset 58codErsymbols based on

t f t h d d
BRRRGGotER S a4 todevalif Srch et CosiB AP RIS Tutagsmitter.
to at I east one other transmtter. 54. The apparatus

of claim52, wherein the second code is pseudo-random
with $Bspethe appamatuy ebelping ﬁé. whmm the seaprd code is orthogonal to at

ges%l neﬁl gec%d CO qtsm & t8 ast 0 ?Bﬁf& {rar%timttéé An

ara A% W el esscofmint ca
conpr|5|ng nmeans for generating a set of code synbol s

for a_set of pilot subbands based on a cyclic-shift
code &&si ghBeiaprRaraiug phRkRIM PgeWhergib g sscondecadstis ppeudo-random:

ttn Rg&k%? 'gﬁ% ég?g%%%dn%de Astaab bf Ka@boné bESHERGHitter.
55.  An apparatus in a wireless communication system, comprising:
means for generating a set of code symbols for a set of pilot subbands based on a
cyclic-shift code assigned to a transmitter, wherein the set of pilot subbands is a subset
of a plurality of frequency subbands for the system; and

means for transmitting the set of code symbols on the set of pilot subbands.

56.  The apparatus of claim 55, wherein the means for generating the set of
code symbols comprises, for each symbol period with pilot transmission,

means for identifying the set of pilot subbands used for pilot transmission in the
symbol period, wherein at least two different sets of pilot subbands are used for pilot

transmission in different symbol periods,



means for transmtting the set of code synbols on the

set of pilot subbands. 56. The apparatus of claimb55,
woh@ceileTog he means for generating the set of cPOERUS2005/024612

synbol s conprises, for each synbol period with pil ot

transm ssion, neans for idengkfying the set of pilot

subbands used for pilot transm ssion in the synbol

period, wherein at least two different sets of pilot

subbands for. pil L$sl.an. i ' t

synbanederpoquERlind's & ofbple AR B Aty IEHTR \code and

thaket@s pliasbbards ubel foy tHeisgmbbl pdriodpairl and t he set of

pi | ot subbands used for tthe synbol Beri od, and tmsans

for geesdes srgereHBg thersebe! codeeyaielh Brssd padhasebat physe values.

set of phase values. 57. The apparatus of clai m 55,

wherein the neans for generating the set of code

synbad’s coftpr appestusf off claiac bS,syhdsein the mieguns furtdeneriating the set of

SR BOPRoR sSBhrgss. PresByeon bl Mo IR uihe
val uembfis f8r saeRitidg BRIt 35 SbdbSFhbof BaBEd b BleSHclié-Shift code and

a code value for a second code assigned to the transmitter.



