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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
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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 petform 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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€816}! €. FIG. 7 shows a channel estimation process that performs pilot code matching

in the frequency domain for a time-only pilot code.
[0017]  FIG. 8 shows 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.

- 10020} 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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[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 (FF T) 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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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




interest. [0036) Table | lists sone pilot code types
and schenmes that may be used for pilot transmssion. A
time-only code is a code that is only a function of

nbol periods. A frequency-only code is
&\}gg&o@hg‘f&l s only a function of frequency or §UHB%’H%%24612
The tinme-only codes T,(n) for different transmtters
maybe pseudo-random or ortho§onal with respect to each

other. The frequency-only codes F.(k) for different
transnitters may be pseudo- randomvmth respect to each
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Ti me- FErequenc 7 Pseudo-ran om c |c [
= T. (Rfk ﬁ'# Té'b()F(dﬁ)I,ot chad=® -aMhogonal Cycl i c- Shi fEq (1)
Si (k, n) =T (n) . F. (k) [00371 As shown in Table 1,

BI me:.freqguency Rpil ot caode nay be forned by a product

oVhgge + 1100 drdimeronly e asenedre ddh EgnsBiiftey; code as

= 1
foll OW’?" ‘%) 1Ss a(#;equz:ncy-o(np)) co(de ass1gnec(1) to tlhe zqth transmitter; ancci1 (1

S;(k,n) is a time-frequency pilot code assigned to the i-th transmitter.

For clarity, in the following description, index i=0 is for a desired transmitter, and
indices i =1, .., M are for M interfering transmitters, where M may be any integer
value. Each pilot code value is a complex value with unit magnitude, so that
S;(k,n)-S; (k,n) =1, where S’ (k,n) is a complex conjugate of S(k,n).

[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.




where T,(n) is a tine-only code assigned to the i-th
transmtter; F,. (k) is a frequency-only code assigned
tothe i-th transmitter; and Si (k, n) is a
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index i =0 is for a desired transmtter, and indices

i =1, ..., Mare for Minterfering transrritters, wher e

M may be any integer value. Each pilot code value is a
conpl ex value with unit magnitude, so that
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SYPPel a8 theilot subbands gblack $18)-ng a pilot by a
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time- ‘ianilﬁ@-@ﬁll?Wo?to'dQE frequency-only code

[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)=S,(n)- P(k) , for keK,(n), Eq (2)

where P(k) is a pilot symbol for subband £; and
C(k,n) is a code symbol sent on subband & in symbol period ».

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

symbol periods,




assigned to the transmtter for pilot transm ssion
(block 512). The transmtter determ nes the pil ot
subbands for each synbol period with pil ot transrri ssi on
v&?l‘?}g 514). Different interlaces nay be use

tPPEN synbol periods, and the frequency- PGE‘WQ{’%@“Z
may be dependent on the speC|f|c subbands used for
pilot transmssion. The trad@nitter generates code
synbol s for each synbol period with pilot transm ssion
based on (1) the assigned tinme-only code and/ or
fl0@4)i e nCPheanlly syentitds enthy(eath intefeping Grhnsnfitdrradydse dx fessed as:
that synbol period (block 516). The transmitter t
transm ts the code synbols on the pilot subbands
(bl ock¥i$4:8) = Sn) F(fd- Onl yfork EtndBliend foda3f Mor a  Eq(3)
time-only pilot code, the pilot code is the sane for
al | |Iot subbands and only varies across synbaol
a@wreod’é k.rhds d9de symbel| senisem sulhpnd fan dé@belenpnod n by the i-th
trar}smtter be expressed as: C(k,n)=S.(n).P(k) ,
fIRFrigmgransm %/ Eq(2) where P(k) is a pilot synbol
f(@04s3ub n :
109457 PR elivem G ) P oC BB Tk e et il
tsmbsla)fmﬂmrlemvesmcbleeﬁﬁrkssedes used for subband k in all
synbol periods. WO 2006/ 019708 PCT/ US2005/ 024612 10
[ 0044] The code synbol s sent, by each interfering
transmpkhae » BR§£ ﬁ/IE—G fzt)ﬁk-;?-(m)ﬁg . Bq(4
for kag, ’r@ (@an@?ya §£ 'Ede%s \l/vhe)e X @?n) 14
is a code synbol sent on subband k in synbol period n

by the, i-th interferin tt [ 0045] The
e\l 'éyﬁﬁchng Pﬂqtﬁ%ﬂléﬂlg qsgbb@ﬁmm bt geriad ’h‘pl Y,

g;‘gr re?g@f'dn eqs %Y‘%lk Slfgarég(ﬁqd( tlﬁe; ésge%;tr%g)se I tebtwe receiver for
(k, n)Xi (k, where Y(K, n) is a

recei ved pimbg?ﬁﬂséw‘o%b?l?%g%gband kin synbol period n;

H( k, n)E,iis tle trinsmit ebweraised for trapiloebyihs destidd tamsnsittert t er

to the receiver for subband kin synbol period n; E, is

the t Gisn) is qpchasuel gsiadrohothe titteinpdrfecing bymsniiterde shierreckiver for

transmtter;
subband & in symbol period n;

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 n 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+ 0, 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:




G (k, n) is a channel gain fromthe i-th interfering
transmtter to the receiver for subband k in synbol
period n; E, is the transmt power used for the pil ot

th interfering transmtter; and W
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and X (k,n)=X, (n)=T,(n) forthetlms only pilot code.
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j desized Fé‘éfﬁ@ﬁ@ymd@ﬁﬁn rthg ebq@oﬂs@nmfatet fo>e the d@nreé sraommmle kod to
|
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cloasojel Figod shews aspysm%od ﬂ%%vﬂ@a ch@aRl ¥@imi@Yy Performmg
obt a| n c% channel estimate for the desired transmt

Hed M e demaie & atimeprly gilpiotodsi Fpn this epdgdiment, the
r@&&\ré‘r blaits"ard Rtidll 1H1f)ug9'}?§p9ns%res lifGte (which 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 € K ;,,(n), for each symbol period n to obtain an initial impulse response

estimate, y(¢,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
channe! 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:

_ R janlta -1}1(:-1)
YU,nm)=W_"-y(l,n)=¢ -y(4,n) , for £=1, .., P, Eq (6)




frequency domain. Code matching refers to the
processing with the pilot code of the desired
transmtter to obtain the channel estimate for the

[ F ansmtter and to either suppress or nce
‘?ﬁzd"ﬁ’?g‘aésr interference fromthe other tr ansmPlCF@%§905/024612
[0050] FIG 6 shows a process 600 for deriving a
channel estinmate by perfornminig code matching in the
time domain for a tinme-only pilot code. For this
enbodi nent, the receiver obtains an initial inpulse
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mat chi 3(d, A)ais theattth clanaeite fot symbtodpearidai aftep phdsa édmp removal.
i mpul se response estinate for the desired transmtter.
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mul ti pl ying each channel tap as follows: 2na"-Ixr-n
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er phase ranp renoval. The terns "kn
(He gﬂasg'{a‘iq(ws‘) and "Q 1" (instead of "2") in the

exponent in equation (6) are due to the indices
startipg atr 1l instead of 0. Index k, is fixed for all
synbolh(d)smEd‘s(nf)oy(EIrt)e fixed o b#lt r.afsm ssi on schentq (7)
and is different for different synbol periods for the
staggered pilot transni ssion schenme. The phase ranp

ra sformg&y al so be perforned

ana}t(é)]an eirént%& %‘“@itéﬁb Qr dhefipsiggd transmSp gt e i nver se

transf I 052] ,The, receiver perforrrs code
rratchllggg]gg%fii frt# qfnéﬁ 1)rill %qSe respons estimates

\fs( %{Nﬂgg ?cii}e?g(rng EB t'i'le ﬂoc\ﬁam)el fa%'é mnhl(le ¥n|1tPa|l 1mp1¥1?<;0 r%!sponger és?lglsates at
each tap index/position ¢ are first multiplied with the conjugated code values of the
pilot code assigned 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:

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

where A(f) is the ¢-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) 2 may be perforned as follows: R
h(Q=~C(n)"Y(i,n) for P=1, ..., P, Eg(7) where h (P)

is the f -th channel tap for the desired transnmtter;
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equation (7), the R channel taps in the initial inpulse
response estimates at each #ap index/position f are
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then the receiver may performcode matching for only
temebodiment, the gpeeivee pexfempts ¢ode haiding 08 therdeceiyed pilbl symibols to
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pilot transm ssion. The receiver renoves the phase

rlagK padsbdoneat symbdl pehied i mtitarthapidot esédlfor therdepirddatansmitter to
transm ssion, as shown in equation (6), prior to

pobti e degectdesynthois, @ kod)i fog.k € KQQBD], 61 fhat Symtudwsried (block
process 700 for deriving a channel estimte by

pH2). oFhei detpcted sgmbola i bagxpress¢ds: f r equency domain for a
time-only pilot code. For this enbodinment, the

recei ver perforns code matching on the received pil ot

synéék&)t 5 C (n)-Y(k,n)

M N for ke K, (n), Eq (9).
= H(k,n)+Y_G,(k,n)-Ri(n)+ W(k,n) ,

i=1
where C(n)-C'(n)=1, R/(n)=X,(n)-C’(n), and W (k,n) =W (k,n)-C’ (n). Equation
(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:

2(4,n) =h(e,n)+iR,.(n)-g,.(e,n)+W(z,n) , for £=1,..,P,  Eq(l0)

i=1

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




obtain detected synbols and then derive an inpul se
response estimate for the desired transmtter. .
Initially, the receiver nultiplies the P received pil ot
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periodn fith the pil ot code for the desired
transmtter to obtain the detected synbol s, Z(k, n)
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transform(e.g., an IDF on the P detected synbols

fahmu&a&bmSkmbthl infesfetingitransmitet & the gecElvera [Equﬁﬂu?n @any mdxlcates that
neI i mpul response estimte, z(t, n or t =
eac ctpmnelg?p {12&{1) nLE?) desiyg trérepnpmrd}pﬁerygszﬂ)’l) comggponding channel
estimate may be expressed as:
EP%fWArﬁe?‘ﬁ%iﬁ%ég?P n+w2,n) for a=1, ..., P,
HQ()SIP) The reoki®éereftfoRes the phise Fagh a&JSbsQH@'Pn&{anﬁémaﬁsofor each
the desired transmtter; WO 2006/019708

pembelgEnod (Wods i), aii‘)lb’ws(k n) is the 2 -th channel

tap for the i-th interfering transmtter; z(2, n) is an
estimate of the f -th chann(el) tap for the desired

transrg(tgtneewandz(@/y,)(ﬁ; nS KI'S. t(t@e,)nm sefr =t he @ -th Eq (11)
channel tap. 9n equatlon(lo) etermR(n) “(Pn) is
for the Qth channel tap of the W rel ess channel from
twleeré Z(6Hn) ng thef &4th oipnhelatas fort symbol pertoden afterqihdes ramp removal.
Equation (10) indicates that each channel tap h(Q n)

ﬂw repravey dhgny wumnaf% rthe Reghagsed éﬂWeS(Mb dorr esdo ngliRngobtained

(508 el Rge enstth ahuciap el st oP R She rg ershiermay
?ﬂgﬁ?gﬁm@ﬁ@ﬁﬁn td)fctﬁx?ﬁﬁ firs )& fahnd? %&fp‘s Qfld &b AaKthé ehainfg channel
taps, €.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.




~2n(kg-]1)(e-1) z(t,n)=WKk",e.z(2,n)=e . K z(2,n) , for

8=1, ..., P. Eq(1l1) where a(2, n) is the P-th channel
tap for synbol period n after phase ranp renoval. The
recei ver then accunul ates the R channel taps, z (P, ng
WQROHULTY8 R, obtained across the pil FCTASAWS024612

l ength, for each tap index t (block 718). The receiver

may performtruncation to rétain the first L channel

taps and zero out the remaining channel taps, e.g., as
shown in equation (8) (block 720). [0058] For pil ot

code sz;hgmdedg_@'ﬁg! Pildt Codg tinme-only pilot codes
assigned to Itferen ransmtters are pseudo-random

' res 1 N )

0B P PRCh eRuGRG Bnly MFK B, ld TBde AR bamb 36r AP Gyl
i peried$ end andy obges wagdssbyubbach. Thanodd symalwlé gentt bye the desired
desi reg tral%srritter. For pilot code schene 2 in Table
1Tanspter may begxprossed 8 codes assigned to different
transmtters are orthogonal to one another across

tinme. e espons t interfering
transm&Wer%@gklg)L’en canEOZIk;é(;KHS}D?h’e code mat chi ng, Eq(12)
unl ess the orthogonality is disturbed by tine

Vahérald(R) $s d dbde Iembb1Iseht DR SubtaRR ngh% deSiFed tRRsREE " ed

and interfering transmtters. [0059] The length (R) of

t [0861]i meTheitodesyinbols sam &g esbhtisterferivgsrankbaitRrmag be efpressed as:
transmtters that may be di stingui shed by the receiver

with cod tching., The pilot code length is typicall
const rgi@ég%k)@?'(%(%b’sel ectoBd € Bt mEricds -tHR) t he gQ(B)
time duration over which the wirel ess channel can be

asiumag(z .be spatic. WD 2006/ 019708 PCT/ US2005/ 024612
1¥hese gy Sasemfgﬂ-e@w olsepton sebhand k by s th frprieqing transmitter.

f encys: i 1ot cod he pilot code.is.the_sa )

¢ OO Eish thoRisar e B tosfelvoB e BamEL pgistat for he desied
St S for Pequefl® -y BRbtTo8E MThdBécding i8Ry Rdltiplies P received
transmtter may be expressed as: k) = Sp (k) "P(k) ,

f Rifot Ryrabade forcprie(symbol pryiodppith thatpiloecadekpr the desicaldtransmitter to

SyIheb £6 the g tr mitter.
R RBRea SuBE AR Sy bUAIRRHK Floutriaitiey
transmtter may be expressed as: X (k)=S;(k)P(k), for
kKPRo,g(})) a_,r@li(ﬁ Y(k) » M Eq (13) where X; (k) is a

code synbol sent on subband k by the i-th interfering
transmtter. [008621 FIG 8 shows a profedseBQQ(s)r  Eq(14)

deriving a=cH@re) @60 Rk Wek) the desired

i=1

—

where C(k)-C"(k)=1 and R,(k)= X,(k)-C"(k).
[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(£) = h(D)+ ) vi(D+W (L), for ¢=1,..,P,  Eq(l5)
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, =g9r;, Eq (16)




transmtter for a frequency-only pilot code. The

receiver initially nmultiplies P received pilot synbols

for one synbol period with the pilot codg fo:Tbthe ‘o
ired transmtter to obtain P detected synbol

"?‘EZ"G@ ol period (block 812), as fol | ows: ZG%USZOOS/M“H

=C (k).Y(k) , Mfor k e KP;,0, (n) , Eq (14) =H(k)+EG

(k)R (k) +WK) r=~ where C(k)@'(k) =1 and

R (k) =X, (k)C (k). [0063) The receiver then perforns an

inverse transform(e.g., an IDFT) on the P detected

syhdre| & ia Pofufimi IDFE dP-G,64) fonihk Palilot $ibArS; ' esponse
estimate (bl ock 814). Thi's initial i npul se response

esti nat §s arwpohﬁmmeszs@f ghbﬂ&t@]m&hélv (2) +w(Q)

for f=1, ere v , for a = 1,
., R, dehSteﬁaBrdtﬁd&coﬁfdhﬁ%iMﬁl channel Irmul se
response for the i- th |nterfer|ng transmtter. This

ef f ectivea EHimMdPFT op (k= Gd&pdhde forthe Bpilekqubbasled as:
E = 8. (r)r . Eq (16) WD 21)061019708

A khIRARBAM &@Wmnlg}%ﬂg :L]lgdé}hmhé d@no?e's gﬁenlcpll_' -I;Dgzl[) %ver an

(k) for the P pil ol nt

SR ., SR o SR 0 o

(kx1, R p(k) for the P pilot subbands In the foll ow ng
descri ptl on, f with underlining denotes a sequence for
f[0064] ovAs skown mpgepuatiun @5); theaingRlse frespoiibe estimatEQ is equal to the
exanple, v; is a sequence containing v (P) for 1, ..
Factx{al)cimpemmpslh@mpome g fom theodesif bty ansnitter pmplahseﬁ‘ectwe channel
response estimate z is equal to the actual channel
i impulse sespensg on der each dnterferingdeanbmisigr pluameise-t Aershpimin equation
fectlv ¢hannel i nmpul se response _v; for each
@@e .ﬂfeeerf ﬁ@vet %ﬁ%qlrﬂwéfe TSPROSSS 4 &3@ eacxgn@rfem fransmitter is equal
uat i ef fecti,ve i mpul se response :
8 4 e Bltiah PEIE SR AT FriBHoe TeSROR g, 288 Gime-domain
ci rcul ar convol ution of the actual channel inpulse
r(‘é@ﬁ%ﬁqg@m@ r; dorthat interferingdranpmitter. This time-domain code sequence r, is

the IDFT of the product of the pilot code X,(k) 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 #; 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 broperty 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:



code sequence r; for that interfering transmtter. This
ti me-domai n code sequence rl is the IDFT of the
product of the pilot code X, (k) for the interfering

jLter and the conplex conjugated pil ot code
@?{@/mﬁ'ﬁs the desired transnitter. [0065] ForfCH{ySaI0s/24612
code schene 3 in Table 1, the frequency-only pil ot
codes assigned to different {ransnitters are
pseudo-random wi th respect to each other across
frequency. In this case, the tinme-domai n code sequence
r, for eac 1ir}&eref___ellfing transmtter is a pseudo-random
sequengey L hat spreads (or snears) the L-tap channel Eq(17)
i mpul se Tespo f interfering transmitter
over P tap B P?Fﬂlogheﬁvglﬁﬁé({}?e'excess channel taps L+1
through P of the inpul se response estinate z are set to

R the'dela hﬁ'xg{i]&ﬂstﬂo%'in %@%go% fllg'?, et?ﬁ% éf?etctii'en(%h%raez %ﬁ@f ge i.erPH%e v;

t hese excess channel ectively

[Hod @ich iNMrfringr @itemitted i§ NABPIG! edudPPo Ihd NhQWEEY Lhirfhel impulse
suppressed due to the spreading property of the

pespauks- £ acidarary dedpyed €iye. anycljcafly Idelayaboatetime fd6H) byF T taps. If
pil ot code schenme 4 in Table 1, the frequency-only
PT 1%L anddBst las$ fpneach interfeiifd aremitter, théis B ist Ricladly Aelayed by
defined to allow for pilot interference C'ancel | ation
(Tnapgand tHefl GHRMNGSRIa9E] cHaRAE faps 341 BérRednOas iddi @S + 196 P.
frequency-only pilot codes may be defined such that
tTheset Loecdlaripi delayed ehaaeluaps ay bef diptadl rembwidf g&%rming
transmtter has_ the following form WO 2006/01970
PERFAYSE ROShe fapse resppnse) estimate=7 ang Fytting ehpnpel 23ps I+ trough P
al.l other v ule(:s o; or the delta function shown in
4 uat Poferp 1Pjock  $19)-of T8 (fingle irappisen EasPInse Asimatiee 05 fhe edesired

- for each.interferi transmtter is sinmply equal
ot R et Bhraf el i, BREE Bl grscon? dnd’ZheSS for an
Grh#iting dh¥nrfd® kY ok | CY thd o 4T
r ot atcla1 ) by T;@txag:s(,) § ei(?npl%'i l¥iﬂé[&g§nlgn¥%ﬁé?rﬁggﬁ&ﬂoéhg§&%r (or
i Mt=elnfandiif @, trlan b rhd thes 2L | then %ds cRoutdyCadl el bydE-ay@gk and
by T, taps, and the L circularly del ayed channel taps
fngdylbeleeinpRedy tenibved 8y %gtchlmﬁpfi PL+1 HRG3A Pl-ofgé LOC%I[.@}H y
del ayed channel taps may be coineter renove y
1e067Hr mi Avgyclio-shift afotle thabreah Rovie teS fme ASRAIMS BodeSécy IEHE 7,
z and setting channel taps L+1 through P of z to zero ~
chovoria equ@ion (THem4y hedxpiesgsdlase response estinate for
the desired transmtter would then contain only the
first L chanpglyt aps of z and zeros for all

J——1 .

F(k)=e ¥ |, for k=1, .., K, Eq (18)

where T, may be selected, for 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




remai ni ng channel taps. For exanple, if there is only
one interfering transmtter (or M=1) and if Ti =L +
1 and P > 2L, then g, is circularly delayed by L+ 1

n may be conpletely renoved by setting channel
“%‘Zg@“@?"% hrough P of z to zero. [0067] A cyé’%i TISZ§psp34612
code that can provide the tine-domain code sequence rr
shovvn in equation (17) may bé8expressed as: /2n{k-D T,
.(k)=e K, for k=1, ..., K Eq(18) where T, may be
sel ect ed, f or exanple, as T, =i L. The function given
ilmeacpmé shift a€rb8y the X teslpabiskhds. OEachpit Qmass i vier pease., M, is
shift across the K total subbands. The phase shift
clssoatpted vath alplidse slope off 2 €&/ KowherasT, ciif T emd M sth asEIG. 10. For
slopes) for different transmtters. For each
ttraaprsitter & éhe nhaset wéueFfopmh euhbanmbs gaventas 7P (bt Lo, /K. A phase
sybbands, conmput ed based on

tietesp dhat an@hwbb@mt tkh'er/ 2 éd Jape phasavglue efizeraial ues
;[2?6 22}1 e 5&%2(?“ % ?t &de s (?91% ?{P@ pﬁrggltg) 98 anlI éka)gfogg tl%’les’l9 pilot

cepieinde at thentrztrismlt&pend fresmltsuubfaaditéala( of ciytlicedd|AE & tHe @Hannel
for Eﬁﬁl of tr nsm ssion, [00681 FIG 1Q shows plots of

RO aeétém%ts atfrangrmitter. h Bhig cireplag delay pneskatiyely dpng andrmay be
CHRL 01l iy i gk 0T B Sy o
I%@UCLMQO@/ 98vidd ﬂlveﬂs&y,l winelatypplaly eequired the atgclﬂsdielztyht@ #€ much

t ot ransmtter i, for i =0, .. M
'sglaﬂférstg t?gglgadm% hté\ phase slope of 2ir T; / K V\,here
Toore)i  FiGand shéwds the cfﬂrﬁel 11rgmlsg%spoﬁs"eﬁﬁfr'ﬂxdlf E u‘a.?i(rﬁltl@rs with

phase val ue for each subband k is given as Zir
ﬁhe gycke-shiftedese Thsf ¢hoanel dmpulseatespansescdfentrasmittdsb Ok aad Mk are

al Y of . zer
o8 gt G PO Bt Pt o 8 i strts
aCdlﬁa'sntttliIEmHaQ iWHadh is deteriAeshaits dybkc-SHiRBSdE. tTHRMmaRSlication of
results |n a circular or cyclic delay for the channel

rths pessived ediiot niymbolsopith e " kit t eade. forthe depiresltransmitter
t
(8815 SUREURUNFE AN B PYor 8 o 56k ol Ryl pramc
tlmpullserespnnmformhxedesfred tryshniitter deattayt tap inde i dRe truncation of the
ver Q/Hﬁhd@htyplcally requires the cyclic delay to

PS Wi ipdices greater dhag Te Fesioney the shgngl impujs gesppnses &r all

1ﬂ{e§é]ﬁl\g$1ah§}ﬁltﬁgannel i mpul se responses for nultiple

transmtters wth the cyclic-shift codes. The channel

|[9ﬂ5’l!] se Bileg pﬁw@sncﬁ canceHationisingarysli®shift co@asdndyl h?erﬂed for any

re Sﬁgn?émfeﬁen ?Psinﬂtgl SSnT I%thlg g&@g ggaggieldeﬁlquu such that the time-

domain code sequence r; for the i-th interfering transmitter has a value of 1 for tap

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

P2M-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 7;. This portion cannot be canceled and degrades the

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




a different tap index, which is determined by its
cyclic-shift code. The nultiplication of the received
pilot synmbols with the cyclic-shift code for the
v? ‘{9@@ ransmtter circularly shifts the chann

ﬁ% p esponses for all transmtters such pﬁg{usgqpé/oumz
channel i npul se response for the desired transmtter
starts at tap index 1. The tAfincation of the channel

taps with indices greater than L renoves the channel

i mpul se responses for all interfering transmtters.

[WBOig T stdggtret pilot, elsf, @s sliveer in G o4.| Thd apgardpifot increases the total

YT af Pilgs PG oDYERYed. bYRe TEAEIGE A3 a@é‘x%?é%%?fhe number of
dp‘%fot ﬁ%ﬁﬁrﬂé%%dtgﬁgu&mle@on lqgnyb%a 1 pefbence 1 for

he 1-th inter Ing transm t of 1 for
t[ﬁb73]| ndEG. & shoivs alpreceds 200dfov derinasg wfchﬂmébemaiate fok liier desired

ta di Th h | i f .
AR SR PG dh SApaeRerPHoL G & STEeaAege e Fegiver
bﬁf(ulhplﬁes F—reéel%d }Imot sfinBols Wr ekeh dyRfR1 E&ﬁ)d‘-}h@ﬂﬂ ?Ae ?@E&J LR code

responses nterferln transmtters nma

cfgmbr: éc%teyl t@am@bwdwtwﬂ deﬁg:tczdmmbels forathat symbot period gilock
estimte z to zero. [0072
IQL e'\(/:}e q@ga SWQROI??\“%X& )gﬁesg? the channel i rrpul[ se !

response gi for an |nterfer|ng transmtter may fall

W t hing dEIGkin)lyt@ps, of theyl ppyl S§,y esponse Eq (19
esti rrat(tgh'gz af(t%er) tiwep)zl rcul arodel ayv""gﬁ)v ri. This 1(19)
portion cannot be cancel ed and degrades the estimte

afhetd &, 9D 1 Q&ySIAMR LodeTOhS BestrBd B &
ef f ect |(?/i§?yl i nt):,reased %; VO 2006/ Olg%rgtt fof syH81 ftiod n. For

RéadH Wifeﬂa&lﬁl? ﬁ)'vﬁﬂs 2 dﬁﬁ?@ﬁﬁﬁ&dgeﬁéﬂa&ti ba§‘edgon edtRtion

shown in FIG 4 ‘1’ aggere ilot increases

t@8yl fornupbe . ak) pi mereSURbﬂm)G: ngﬁrwsdzlbws he k +(P 1)-S}.

recei ver witHout increasing the nlnber pil

sEpbaNdSa Amekor | Of)! Sﬁf*ﬂm
pe?| og ?007 &ngﬂ bblcﬂengd\l)vsg&gﬁggrsﬁ;ﬂﬁgs) lgggmfégr P;l;enod

qogRgNNekach Sﬁtbxﬂﬁ%E & afs@dcdt&ﬁwfﬁ?§ BifRfbnt et ﬁﬁﬁl'lﬂt fsﬁtﬁfandé"ﬁ'd (hlance a

transmts a staggered pilot using a cyclic-shift cod

Thiderend ses cxf@hasema s@ruﬂeescyphmdu@ icodad Blelsoﬁetssqfrpb@ﬂes'ahms for the

h the cycl,. ift. c
ST B P Ee BNl b B R Pk bigha sy Bapemiver,
fa® rshdvhain squation (183 iThd N kRkeiodd 19}1%}me 16 €ordaic] &irRbb] penod are
é[ﬁé maybe expressed as: ?( k, n) ng n)

lt?d(\}l]l}h tthEt R@se values for ﬂgy(lp@teﬁlycq gse f@ry@]q éragtmusqmn 1n that

f h n
(‘sgxsﬁole%é'é-lﬁﬁsss nﬁ&f&gg&% gﬂﬂﬁ&r_s O{rﬁ rus%dofor pggénsgﬁ%kog)glg different
rnbelspegede foatthaisthgeseed mlot, aliffixtrit gets 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, = Sp -P (block 914). These Pr detected symbols are for Pr different

pilot subbands. The receiver then performs an inverse transform (e.g., an IDFT) on the

sequence of Pr 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 Py to zero (block 918).




(18) for keKP;,o,(n), where KP;io, (n)=(kn, kk+S, 2k.+S,
., kc+(P-1)S). F,(k,n) is a function of synbol
peri od because KP; 1o, (n) is a function of synbol

vgﬁ?ri g/? 8[0074] Each interlace is associated with a
tPRPEAY set of pilot subbands and hence a P&TfYSRPUE(HR4612

set of phase values for the cyclic-shift code. The S
sets of phase values for the20S interlaces are all
generated with the sanme cyclic-shift code assigned to
the transmtter, as shown in equation (18). The P

r{@0Ts]vedIfpP k¥ - 5 Yiob elesfifedrpiRa lnsmiseal schemé @F BAIEM - L for the
multiplied with the P phase values for the interlace

ustaggered ipilpl ratsmissmn soliepss, drenithe cyvdic-shifysvded mpye be designed such
S$ngt§ different ipterlaces are used for pilot,
t 1Rl I EOmAI, Cofler SegRedRes Iis¥ariihe Miefsringdrangmitterschave channel

SHIREL Bt ! Sy S SLABRES AETTYS g o
o L A e

| .Sy £ t P L periads. The .
Shefo5 S50 FAD AL 5 SRRl S0 B pton
teven With ek M If oPPdeteat ed symbols, where PT = SP . P
" (bl ock 914). These PT detected synbols are for PT
different pilot subbands. The receiver then perforns

an i nBder TimeFanghenay RibotqCodesn | DFT) on the sequence

of PT detected synbols to obtain an initial inpulse

r[eeTYNs eFérd timfieqiént 1 pfidt codbland BilotiBBS varits Aetos Béth -subbands
The receiver. then perfornms truncation to set channel

taRgssymbpl pefipdsyghpreods symbgls( ssnbdly the sdesirgqptransmitter may be
2&?1@/5%&%%118 PCT/ US2005/ 024612 20 [0076] If P< M L

fof the fixed pilot transm ssion schenme or PT < M L

for the staggered pilot transni ssion scheme, then the

cycl i cC@Em)ft S chaesP(Rpy befoﬁﬁ@lq,g,ﬁd) such that the Eq (20)
ti me-domai n code sequences r; for the interfering
transmtters have channel inpul se responses that are

sepae &i(kok) by alceds syrhian) sknt on. sybbandtk h; symbol perfdd/n B4 te desired
T, =i . P,. | M. These sem -orthogonal pilot codes
apsBitteByl arly shift out nost of the interfering

y heve a | ar nount of. pil ot )
iqgﬁeg?f e?fej%c%ﬁéés TSIy S bc}'neag]églgcﬁﬁ%ng ﬁarﬁgmgd?aylbﬁ eXpfesseq as:
Ti me- Frequency Pil ot Codes [0077] For a time-frequency

pi | ot Xekle)=tsf@, i PEd) ,coder ¥ Ynpandss 100f M subbandgg (21)
and synbol periods. The code sfnbols sent by the
desired transmtter nmay be expressed as:

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




k,n)=So(k, n)P(k) , for kcKolot(n) , Eq (20) where

k,n) is a code synbol sent on subband kin synbol

riod n by the desired transmtter. [0078] The code
0

n
0
nt by each interfering transmtter

2@’3@3@*‘%3: yx;(k,n) =S; (k, n) P(k) , for keKF?@(l(sE%SQ?ﬂfu
i=1, ..., M Eq(21) where X;(k,n) is a code synbol
sent on subband k in synbol p?éri od n by the i-th
interfering transmtter. [0079] The received pil ot
synbol s obtained by the receiver with the transmtters
ufl08Yy ti e keceryaemuitipfies Btreczivda pilar bMWY (k/h) e dté rn, (n),
(4). The receiver nay obtain a channel estinmate for
t frer edadssyndn] perandsminithehe fraqueasyi-enlg coden m@ﬁbmin[llé)ﬂaeétgd:b}tﬁiabols,

ho a process 1200 for deriving a channel estimte
{ 2B ehelor et K oa(r)s bk mbel pael (Hloglo a1, The detected symbols
ti me-frequency pilot code SO(k,n) that is conposed of a
f%&ﬁ%ﬁﬁggsé?ﬂ%}:code F. (k) and a tine-only code To(n),
as shown in equation (1). The Ifreqﬁefncy-ogly coge may
be a do-r ode, a cyclic-shift code, and so
on. TEZ%P?HE%‘E@;}/@OQE may be a pseudo-random code,
and orthogonal code, ,and so on. Process fo}a%g)lélrmx,ipevgq(zz)
used for pil gt _ AN\ in Tabl'e 1.
2006/ 019788 P%@gﬁgﬁ%ﬁk’gfﬁ%ﬁ] The receiver
multiplies P received pilot synmbols, Y(k,n) for k EKp;
io,(n) for each sypbol period n with the ’
f Whera ety s oniy(keDdE, Gk dibe Aleguercytenly codal Felfrbulybe a function of
n for that synbol period

(Z%ipégﬂcf;r tﬁ??&“’&%ﬁ&t@é with ﬁtstaﬁgeredmiww déﬁmbe@ ghaye.
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as shown
each tap index/position ¢, 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 k 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.




equation (11). The receiver then perforns tine-only
code matching on the initial inpulse response
estimtes (after phase ranp renoval) for nmultiple
o eriods with the tinme-only code TQ(n) (bl ock
‘ién@TOIS{I}IP\z‘e time-only code matching is perforrF&(ame&POS/"z“‘m
each tap index/position P, e.g., simlar to that shown
in equation (7). For each ta|c¥2| ndex Q, the receiver
mul tiplies the channel taps at that tap index for
different synbol periods wth the conjugated tine-only
cl9084] TTP{lét)codeschears Grmd Stie TabedrmhyBe hexidh Wadbustthi@ners. In
time- onIy code to obtain a channel tap for that tap
i PReesbodiyaent cagh Wrapsmitiemis gesignsd eedifferentneystic-shifttcode e’i @) rfor a
he first L channel taps and zero oqut the remaining
%egfgre(lb delak T.121F8>f hl(so%taqdlm?m,aﬁwmha@mqh ampylse grspenss for each
ency pilot code, the

f
?Eﬁt‘f’lé% r{?%@%‘f) YVHE orgte iy ehigted Rynibe Fesaugneyronly code
bebihinBE ahd Qﬂﬁﬁﬁlﬁ)ﬁ ONfRe ﬁﬁe%n@ng%dé %ﬁtéh;rgge 230l sgrﬁstﬁ b&iods

obt ai n"det ect ed synbol s havi ng e entl pi | ot
r impooned the quabity efcbe vmnnelh'stnmatcc Umnahather entbodinckat emtl&pie groups
cross nulti eriods for

SYESNRiRR 82 Sorap or Bt B L e oo S Sms sapls-hic

T&wer eCRieV glinshligdls Wislih O60E @Bup Brd RARKNGssHRNED| Afitrent (g,
synbols to obtain an initial channel response estinate

aprthogonal hidme-prlyfcodess I;(#)untlt ieosiveronayedtadin thehehafinel sttirhates for
channel tag VO 2006/ 019708 PCTI US2005/ 024612 22 '
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t he channel sponse rans
btbatdb@sawhadwl/\mﬂulacuespuhsns cafelbeagan(:eladlthw%ﬁ thiicdtid@. The receiver

f nl d tch . t
CPREUER Spb e iR Aimate BE ey nanitegowithinghe selected
téi@u;ﬂ Bl ﬂ)érﬁbrrﬁfn[g: hﬁe—‘éhﬁrn&ﬂe ﬁ%chﬂ?t\?ﬂh lefe @ﬁ?éréh?rtlme-only codes

enmbodi nment i pl e groups ransmtters ar
f@ﬂﬂ@sﬂtoﬂme@wmlmﬁansmtter group i s assigned the same

C-S transm tters within each
Gé ur tﬁér diLg sﬁﬁﬁﬂl&f ?‘? PRFRAY theregeiver may %8 3113? impulse
trbsmnmésﬁrrfhflidﬁﬁ tHe dédiged traﬂfﬁlttéxeﬁﬁﬂéé@ﬁbéﬁaybo?pt aH fe ver may
chafgnel estimates for each group of transmtters

tﬁ@ng poe@gbgfcxylpmeWQ giepdityhef thh |ﬁngl xmgulsetrbaponse estimate.
(L T e R ST
d1¢hwne bradﬂtpuhlseﬂ thessholds d§1e freveivat mapickend Meaﬁﬁmrhﬁtﬂsfesreiﬁanse
he ces so. that these channel inpul se
@‘B%tﬁé%z Ebléy BRRSRARG derop g HeqerveR anayi ten pafem a K-point
Tf&xﬁ)\%kd/ fEnsform (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 (FPGAG), processors, controllers,

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




may then obtain the channel estimate for individual
transmtters within the selected group by perform ng
time-only code matching with the different tine- onIy
6(3‘?03/ 1 ?SI gned to these transmtters. [0085] For al

C 3 Yot code schenes, the receiver may d’l&téﬁsﬁooﬁ’l‘lé““z
final inmpulse response estimate for the desired
transmtter as described abovd. The receiver may
performfiltering to further inprove the quality of the
final inpulse response estimate. The receiver may al so
pianétmnmndeiuridsd he@in) @r andbmbiation theredfarme! prb@sing auitd@sed for
ener bel ow a predeterm ned threshold. The receiver

EHHPRUOR AL @] TRGRIVEr T3y alse heégw!ﬂmtedé@thlmﬂ@ of grore ASICs,
| 8684 Broeddy ng zeros. The receiver may then
perf oPr rsa%?%?%for ward transform (e.g., a DFT) on
tllOéS‘l—:]xt eﬁoieai spﬁpaiesmlpiﬁﬂq:mnt&a dwt ieohatiques alesdribad rhegein may be
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i npl erent ed by vari ous nmeans. For exanple ese
t@emenyquisl 43wy 182 in FEﬁ;IQM@)@mtcmbﬁapmme; (esmfconzelier 140 or

L th F
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tpragessorssi on at a transmitter may be inplenmented
wi thin one or nore application specific integrated
cliopP88li t s egﬂg;@sz)re 1@1@{%{1 dierein iferregfergnce sad Joraid (ID&Relng certain
AelhidrR! T%E&%Ianzlggsgérgﬁﬁ ﬁgﬁng&y {oqfHit I’QS{#EC) of tﬁéogxic?ég?gslc%bed

| ogi ¢ devices progranma
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n‘b o&roceéf,ors other electronic units designed to
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DSPs egsor d so,.on. [0087] For
Tl peRanea R il Sui iauen 4o sief gelled in the art
he@d @hegeneic b@nmpl@ﬂeﬂ‘iﬂ@d‘h&@m"iﬁéﬂ ?Hédet% dtifer meodlﬁlents without
procedures, functions, and so on) that perform

fdsREHNG HOmibe cPirb ot stvpe of the lmtlgmf {Tvas; ehecmlmt imagntioa is not

.Sihl%’@fe&tb %: ﬁ &rgo; ﬁe{% gxgt)%dnélgntgs}b geérbﬁut (1% otgbela%gorged tllle widest

csomeranhélaentlréfh thé pridciflgs andmeveTEamirys disdldsedBareHe
i npl emented within the processor or external to the

processor. [00881 Headi ngs are included herein for
reference and to aid in |locating certain



sections. These headings are not intended to limt the

scope of the concepts described therein under, and

t hese concepts nmay have applic@Bility in other sections

t hroughout the entire specification. [0089] The

previ ous description of the gdisghpsed enbodi nents is

provided to enable any person skilled in the art to

make lor Ausethothef perémremtg chaveeltelstimatidfain cowieless communication system,
nodi.fi cations to these enbodinments will be readily

COPPpAPBAL to those skilled in the art, and the generic

par sat \ Lo L and e | |
Erbodr mune e IS TS BhlTRe BB ER S To T Pty gfmbol perioas
of t hemovingatphase. rathipus eadhhef the ploedlty bMMan iBpulkSredfinse estimates; and

intended to be limted to the enbodi nents shown herein
but perfeignipe cademebingtanehoplieality o ndtprd impwlsé stsportsewktitates with a first

e. principles. and .novel features disclosed_herein. 24
cbgteioha SRR 1 e B e G i i £t romer.
a W rel ess conmmuni cati on system conprising: deriving
a plurality of initial inpulse response estimtes for a
pl ur @l i The methodmif olaimpdy ivbei®in the detivinp thespl phadiseof iaftial ifipulse response
each of the plurality of initial inpulse response
ng}léftﬁ%ﬁcggrgrlsggd perforning code matching on the

pl ur al.4 L.Nict 1 ' e n estimtes with .
Fi 7o p okt pe PRI B SO REBF B Ry FhERnd ey of the plualiy
of sapewl perieds, kit e for the transmtter. 2. The met hod of

claiml, wherein the deriving the plurality of initial

i npuPgEOIHBY aR Heversedrangigra ondmint oE rseivbd symbaly far eaelt symbol period to

: cej.V synbols for a se fr ency, subbands in
A R I oy ExsindE s he i a8 n
perform ng an inverse transformon the set of received
synbol s for each synbol period to derive an initial
i npuBselhreawpiing of elsim iawkerkorthe Herivygtiel plpetiiyost. indial {HiRilse response
thod of claim1, wherein the deriving the plurality
esgﬁnqt?ﬁctolr%rlsla?rpul se response estimates conprises

obt ap gt fithPa iegg)rf] celVEd @ﬁlr}{ﬁ(qs ?&?&Jﬁsgt %J‘{ I{rjé)qgjlefax?)gslseutbg%flcgv%wh of the plurality

frequency su s In each o

ofpmibod periodsewheneirpdt [éRa8t0 difforedt §é_°t§6ﬁ?éc{u§§é}ss®%ands are used for pilot
frequency subbands are used for pil ot ransm ssi on,

UBISAIRT 8R%i ng an i nverse transformon the set of

i AR RE el RE 8 FRGeL Siept v Sagtifolor cac symbol period to

dgpBeiandnitial impulse response estimate for the symbol period.

4. 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

wherein the removing a phase ramp in each initial impulse response estimate for each

symbol period is based on the set of frequency subbands used for pilot transmission in the symbol

period.

5. The method of claim 1, wherein the performing code matching comprises, for each tap

position among a plurality of tap positions,

identifying a plurality of channel taps at the tap position in the plurality of initial impulse

response estimates,




4. The method of claim1, further conprising:

determ ning a set of frequency subbands used for pil ot
transm ssion in each synbol pé&biod, wherein at |east
two different sets of frequency subbands are used for

pi | otmulfi pIREIE the bRifalith of E@nEN thissith ¥ pRiralfy B2 ebdPRNNQTS: the first code
and wherein the renoving a phase ranp in each initial

t9 aptainseplnediopiatesmediattvalfesrandach  synbol period is
based on t.he set of frequency subbands used foy pi] ot .
C andsfuifing B phisaliy R BROTg BTG to PRt ShtIcLp at the ap position

i thRifRalimpMI& 85 n"sﬂ@stﬂ@e[té.orm ng code matching
conprises, for each tap position anong a plurality of

tap positions, identifying a plurality of channel taps
at the tap position.in the plurality of initial inpulse
respgnsih"egﬁhﬁ’éto@l,alfﬂés tusthe pnpisieg:t he plurality of

eRehEh R ISR BB Bl R BLARBA R pis s

ovalseemd cddd faqhe Fuhaatitted the plurality of internedi ate
values to obtain a channel tap at the tap position in

the final inpulse response estimate. 6. The method of

cl ai further .c rising:. derjving plurality of .

sets [}101% l&%‘?’&ﬁ‘?ﬁ é'l’fgtj?‘% o‘%’é’v }fegerm ﬂwedeﬂvmg&ﬁ? Pb’r%lfty &Y bl impulse response
QBR84S g on a second code for the transmtter. 7.

The nethod of claim6, wherein the deriving the

pl ur peiforyniog an niversaltransforth 9@ arsespfdvsetedesshibols 8 each symbol period to
conprises performng an inverse transformon a set 02,

defyeey ifial i sesrespanse sxnals fsdhe panhodaetied. derive an

initial inpulse response estimate for the synbol

period. 8. The nmethod of claim®6, wherein the deriving

the Bl Urted metho@bf slaine &) fwHIRS S HeQRriSMFRL Slurd '
for each of the plural ié{és of1 syrrbgl ggri gélg’%fké@&;detected symbols

ceraptaserd far paphapfsks plofalitoofsymtiolpsridsaised on t he second

£ and RuPink 3 7 s € A biseR B seaenapidiopi e okfrequency

EBhndf i : riod with the
subBhndfuse& &% p\ﬂ%gtr&}{s‘m%@% nthe E}t}ﬁb(ﬁé){éng#, agﬁ

set of code values to tain a s etected synbol s
f or mhipyinpelsepEireaivedsynibol fortheadmbb] FdrididWith the set of code values to

further rising. retaining first L channel taps in
obtpia af%eh%f(?q?%ﬁ?ﬂsy@ ééﬂseesy I pertad, where L is an
i nt eger
9. 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.

10. The method of claim 1, further comprising:

setting channel taps in the final impulse response estimate with magnitude below a

predetermined threshold to zero.

11. An apparatus in a wireless communication system, comprising:
a channel estimator operative to derive a plurality of initial impulse response estimates for
a plurality of symbol periods, to remove a phase ramp in each of the plurality of initial impulse

response estimates, and to perform code matching on the plurality of initial impulse response



greater than one; and setting remaining channel taps in
the final inpulse response estimate to zero. 10. The
nmet hod of claiml1 , further comprising: setting channel
taps in the final inpulse response estinate with

b es Wath ko de fold ﬁf’r%hﬁft&j t988tat ﬁﬁﬁlcﬂn?i}fsstg égns?f)f?se estimate for the

An apparatus in a wreless communication
tosmrtiesi ng: a channel estimator operative to derive a
plurality of initial inmpulse response estimates for a
plurality of synmbol periods, to renove a phase ranp in

each (ef by of 1ALt ' se response
est i r%gt grslé]gpa}%l{ié{?%!)%&éérﬁpgrlrlﬁ @%éﬂﬁg@ﬁﬁlﬁg on the
pl ur aldetnpdofatdrviptiative taTprak e arseSEraBstvelosynfdld R h 88 of frequency

wth a first code for a transmtter to obtain a final

spbhsnfs i qagl gbhsolesliiymitsgmbol periods, andansmi tter. 12. The

appar at f ¢lai 1, further .conprising: .a

denmodU eaet?% &leo%‘é”?% ieéérh?tBr ISrohgragge g})%eéfor@fénrlgﬁg??@%mform on the set of
ré&¥VRAls$mbels fér & h s bf)lrl_%gi'dﬁ@&b{eri\%;a?tlﬁﬁﬁisirh l?eal%gbo%fs Efifate for the
plurality of synbol periods, and erei n the channal

syobolmetiod. i s operative to performan inverse transform

on the set of received synbols for each synbol period

to derive an initial inpulse response estimte for the

synbgek pgr t sy O im.11. _wherein

the channe ﬁggat liksrr%ftc-ci)—grlﬁll 2 P’g\glée?%# ﬁl\l/ee&}ag‘%lafec%mé‘%% I YRgative to, for each tap
ppo8on amongaphaléty pf tapadositionQf tap positions, identify a

pl urglit, of channel taps at the tap position in the

pl ur emléf oplurality phehanpel rpseat thedtep positore it therptueality of initial impulse

[ plurality of channel taps with a plurality
rééy&gsggédr\r}%ges for the first code to obtain a

pl ur alultiply e plitaBtyEEhahe] Yak Yath a AOMAIRF DN %tﬁlglg% grfr the first code to

plurality of internediate values to obtain a c
obtaiy aplurahiey efipteposiiaieonluesanthe final inpul se response

estimate. ,14.. The .atus of claim1l, wherein the
c han%"e"l“mé‘éa(]f? W&tpé?faﬁgp(%{i%%{l?ﬁ@e valupetoabtpin achgnnel tap at the tap position

incthe ARS infpaRe rééibohgbeesfihﬁf’é. i mpul se response estimte and
to set remaining channel taps in the final inpulse

response estimate to zero, where L is an integer
greagfr than one. 15, The apparatus of claim 11,
wher &t T ReH@PRRRIS 08 claalil merherein the ohranal estienatay isleperatéveato retain first L

offay Hégsérﬁostol tl%B; f;n?ag:ij@pglfgl% eg}t)(gxﬁte gggg%tg?}gé f{ooqffg;entqaqging Ic gr?nleﬁ %a%s in the final

impulse response estimate to zero, where L is an integer greater than one.

15. The apparatus of claim 11, wherein the channel estimator is operative to derive a
plurality of sets of detected symbols for the plurality of symbol periods based on a second code
for the transmitter and to perform an inverse transform on a set of detected symbols for each

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

16. The apparatus of claim 11, wherein the first code for the transmitter is orthogonal to

at least one other first code for at least one other transmitter.

17. The apparatus of claim 11, wherein the first code for the transmitter is pseudo-random

with respect to at least one other first code for at least one other transmitter.




for the transmtter and to performan inverse transform
on a set of detected synbols for each synbol period to
derive an initial inpulse respdhse estimate for the
synbol period. 16. The apparatus of claim 11, wherein

t he f§.rBie sppalatdserf clahe 151 AR&rdin the Eedofid @6ddRE ﬂfé&kantsﬂutte@ﬁs pseudo-
| east one other first code for at |east one other

rapgesp avith reapect ozt lepseongppshersecandsiode Fariatlenst, onsroshasitransthigter.

first code for the transmtter is pseudo-random wth

respect to at |east one other first code for at |east

one pJ ek dppARFIoFERIm 1%7whélt§m thé Eec%ﬁ@ o fé? t&ftrﬁkﬁﬁt@r is a cyclic-shift
15, wherein the second code for t transmt
Cqslseudo randomwi th respect to at | east one ot her second

code for at |least one other transmtter. 19. The

apparatus of claim 16, wherein the second code for the

t r anﬁmph{ ?{fé)ah?usalncay& rélg J&Mntlum a?%‘rai SX&%BT @&%@SD ag{,g;ﬁg

W reless conmmuni cati on Sy S

f or Iﬂezms\tblﬂﬁrﬁ/uﬁé apRirality opfnlthdﬂllﬁnp@llse te3PoHse @stiRSRONT plurallty of
estimates for a plurality of synbol periods; neans

syehebpetinglsa phase ranp in each of the pl urallty of
initial iJipul se.response esti nd nme
perf%?g}ﬂsnfgp TS et RISH YN 5 BF@’F& Rty ¥ I?IH?]HP?B“ISG response

estifftésSehdr esponse estimates wth a first code for a
transnitter to obtain a final inpulse response estinate
f or mb@stfmapfsfurnmw code Matchiingomhealatlisy dffiniclabinipud, response estimates

emﬁ% means for deriving the plurality of initial
lqurg &O eeglﬁ SricEsauier typltain impd sgiespanse ggtimate for the transmitter.

obt aining a set of received synbols for a set of
frequency subbands in each of the plurality of synbol

per i2XidShe apghramaosclhin J0ewheretr e n@fand M@Eﬁ@m?rtﬁ@ﬁlﬁ%@ of initial
) on the set of received synbols for each synbo perio

impyl sa&spoRseastimates camprisgsul se r esponse estimate for the

Sy a tu cl aim 20, wherejn .

B0 B T SRR MRl o e R s i s o
theploklit@pf $@ashdl peRo®RP a plurality of tap positions,

neans for identifying a plurality of channel taps at

t he meaps @xQerﬂoonmgrantlheerﬁﬁ warafdrtyorothe sétruftreclivedripibeR for each symbol
g,g (ise estlmaf means for nulti Iylngthe plurality
per’ h &g an e Wﬂqlﬁeafeiﬂoeﬁ%ffﬁwteoﬁ)rél@oﬁy | period or t he
first code to obtain a plurality of internedi ate
val ues, and nmeans for accunulating the plurality of

i nt @2nihi¢ apparatad ofdaitd 20plvAéminahé hrBRefor béordting B&de matching
comprises, for each tap position among a plurality of tap positions,
means for identifying a plurality of channel taps at the tap position in the plurality of
initial impulse response estimates,
means for multiplying the plurality of channel taps with a plurality of code values for the
first code to obtain a plurality of intermediate values, and

means for accumulating the plurality of intermediate values to obtain a channel tap at the

tap position in the final impulse response estimate.

23. The apparatus of claim 20, further comprising:

means for retaining first L channel taps in the final impulse response estimate, where L is

an integer greater than one; and

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




tap position in the final inpulse response estimate.

23. The apparatus of claim 20, further conprising:

means for retaining first L ch@8nel taps in the final

i mpul se response estimate, where L is an integer

gr eaD@r Thé appa2atas oPASNTRBNrthey conirlsidpd r emai ni ng

channel taps in the final inpulse response estimate to

z er 0.me28s fqr4leriving Hﬂp@h&t efsesfof dbtaited 2mbolsfortke plurality of symbol

I‘IS msana riving.a plurality of sets of
Pa{éi’ E‘Pg??rﬁ?ﬁog f°8$ gheptir@rsﬁllltlt@tr yA%¥f synbol  peri ods
b
tﬁée?‘?ve*%%;ﬁ‘ G AT g PR P8 Myt oy R FesPlsimas

COMPLiSHIIRCARS tfdm‘;?aiESmlngcummé:r@éStrmﬁd}ﬁl (frpzi s F Hee st §yrﬁBols for each
i nverse transformon a set of detected synbols for each
s¥PRpIgIerigd te derivepandattial impylsq 1gppana¢ estimaie & theesypatd period.
estimate for the synbol period. 25. A nethod of
perform ng channel estimation in a wireless

commuyi AahétRHd §N§érﬁmn1n§&ﬁﬁﬁél%§ﬁ}9at1&ﬁﬁ'aV\Jvﬂ e$ oghﬂﬁlﬂ{dbe{t%n system,

of detected synbols based on a plurality of recelve

cepphsihg for a plurality of pi | ot subbands and a

cycli,c-shift cofe for a tran% %ter wherein the

pl urgFlilYl9g aiPlypiyof detesisd sumbels aseéiwélsaeﬁluwﬁltsa%ﬂemlmd gyynbols for a

pRiralfty %FHE&%FEHHQ ands hQle- §}{lﬁ (%/ Sfogas ggg fﬁt‘é'{ R%erem the plurality of pilot

initial | MPpuUl Sse response es

syiiband is aysubdet d&4 phiralily oY flo@uehicy sutbaRYd fog tl $FBREL ranp
in tHe i.nitial inmpulse response estimte; and déri vi ng

a fi ASVIRgARY F@Balrl%ipbﬁ é@P@@ieleﬁhmétefb@Sed dvethe phnslitytof detected symbols;
base onse esti.mate. 26.

e TeoRibg S phile b L IR Rl R SOREpt H f rand

pl ur aériiyg @fﬁnﬁﬁhﬁﬁﬂs%%@bﬂgéoésﬁma&oﬁpfHeSt%sﬂ?& rer | g%“ 'fo?lgth@initial impulse

plurality of phase val ues based on the cyc

respRise g5ftmethe plurality of pilot subbands, and
mul tiplying the plurality of received synbols with the
plurality of phase values to obtain the plurality of

det egd echeSHEMROA Sf clglzn 23“%%&“&19 dQIfIVIEé e lPraHQ/t %fe c{e?ected symbols

the deriving the final T npul'se respon
C(Imprpiesses setting first L channel taps in the final

i np ﬁ!lse response estimate to first L channel taps in
t he fSiFtminmgapively ofphpsedues dasedemethe whdiceshift sdesand the plurality of

pilIs@BRhdgLRAt er than one, and

multiplying the plurality of received symbols with the plurality of phase values to obtain

the plurality of detected symbols.

27. The method of claim 25, wherein the deriving the final impulse response estimate
comprises

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

28. 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




setting remai ning channel taps in the final inpulse
response estimate to zero. 28. A nethod of performng
channel estimation in a wirel e29 communication system
conprising: deriving a plurality of sets of detected

setyaTredevddasatboiis Fort &k 8f hilot sPbbapas thaPis ars%lﬁ?e'éﬁgg plurality of frequency

synbols for a plurality of synbol periods an
sufandg fasihe systeple for a transmitter, wherein each 29

set of .receiyed synbols. is for a set of pilot subbands

¢ hat JedvREG It SRS ma LimAkiepypoBte $5H BiginrREsA 08 SGAMABLY of sets of
deREtciRgmBYRt €m deriving at least one initial inpulse

response estimate based on the plurality of sets of

det ectraaviay atphhse; ram@rin theg leasphrasi@itiabiigpulse lehiondé edtp@dé; and
one initjal igﬁulse response estimate; and deriving a
f i naldefimpgladinal eapsesiesanse peitneate & thvsansmutignhasedsen the at least one

: st one initial inpulse response
lgggﬁﬁgﬁgﬁ§§§93%ﬂgﬁﬁg#hod of claim 28, wherein the
deriving the plurality of sets of detected synbols

conprises, for each of the plurality of synbol periods,
det e2fi hhenpethodetf climph® sehevan thesiebiaipcthe plurdlity of sets of detected

cyclic-shift code and, th et of pilot  subbands used
S¥%ﬁ°15i°f”61?r1§~?saﬁ>§ﬁ?§§?fgthep rﬁﬁ% OEWI PgEPdsed, and

mul ti i i -0r e | .
ror SRy S8 Pk SR STOR 85Ty OBl ot i
sulgtaedd extd Symfitdt srahanistibe isthephbeleseriod; and0. The net hod

of claim?28, wherein the deriving the at | east one

i nit W&}ltlﬁ’lﬁﬁgl aset pleigpRitiecsynehols fonthe syorhol periadl witk thegienof phase values to
obfdfh &’L&B?h#tg%tg?ge%rﬁ@ggﬁg&ﬁ%%%@(} ed.synbols to obtain a

sequence o Ol Y er f or mi ng an

i nverse transformon the sequence of detected synbols

to derive a single initial inpulse response estinmate.

31. Fhelbrmpibadof clini 28, aderenhtheelerivingehalarleast oge inftéal hpulse response
e%?%ﬁ% one.initial inmpulse response estimte conprises

FOPY RYPR¥&quence of detected symbols with the

pl ur g{d : . performn
B e ol e et o St 1 it Bt B detectea
swybdlglasdt o derive a single initial inpulse response

estimate. .32. The nethod of claim 31, wherein the

der i RYTHYMPEAR IYSISe iaptfpge op dasauence of detacted symbols to derive a single

initial impulse response estimate.

31. The method of claim 28, wherein the deriving the at least one initial impulse response
estimate comprises

forming a sequence of detected symbols with the plurality of sets of detected symbols, and

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

initial impulse response estimate.

32. The method of claim 31, wherein the deriving the final impulse response estimate
comprises

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.




conprises setting first L channel taps in the final

i npul se response estimate to first L channel taps in

the single initial inpulse respfnse estimte, where L

is an integer greater than one, and setting remaining

chanigl Thapethiod dftetaifi BEIwhedIH kfed et R EROR i '

zero. 30 33. The net hod of clai m 30, mg?gli%ﬁﬁtoﬁ‘hﬁt&Hmpulseresponse
cglamatgicAmPrings, far chelneadesiadic amianiga plimatity efecode splons for a second code for
i S‘[tri nate conpri ses, for each code val ue anong a

1 UFBMYSH of  code val ues for a second code for the

t r angginki : y.

W e e P S B oY s V0T RBleBied symbols or
whieh thodede/edlueapiekjand, and perform ng an inverse

transf(%rm.on t he sequence of detected synbols to derive o
an i RPEPENING aRdRNesss transiosman the sqquanes gisletectsd symdels to derive an initial
iﬁﬁﬁhl's’afresé@sc-gg‘tﬂpﬁﬁ%tf&otﬂe%decxlza% n 33, wherein the deriving

the Tin I mpul se 'response estimte conprises

perform ng code matching on a plurality of initial

i npul_se_response estimates, derived for the plurality

of cddeThamgiwd ofictaimt he vdwoomtheatsdeing3be filthldmpetsaaekpofise estimate
C&Iﬂ }iggsz& further conprising: retaining first L channel

aEs i'n the final inpulse response estimte, where L is

an | REFeeH; rali i ' ; :
channel i ang ShEERch g ALY iEL IR Giytes, derived fo
theeplerality3®. code valpps vathuthe setoad wodes| ess conmmuni cat i on

system conprising: a denodul ator operative to provide

a plurality of sets of received synbols for a plurality

of ' " nnel .estimator operative
to dg?,'iﬁg}gélg %153:32?19{@%?%@{%20@1&%%{1%“ ed synbol s based

on t tetainipigUiTred i thandtl @pd & tBE ihAGRIPURE r&¥RR!3tiARR, Fhere L is an integer
cyclic-shift code for a transmtter, to derive at | east

Ak thapjonpand npul se response estimate based on the
pl ur gl f..sets of detected_synbols, to renove a
phas gét{rl éﬂ%‘rﬁ%}aﬁm{l% ghagneftapg i tgﬁ gn%/lrﬂntpp P I¢SRpiiesstimateio me.

estimate, and to derive a final inpulse response

estimate for the transmitter based on the at |east one

i ni t 3@lAR apparates insspopless @stmasitaion3ysterhh CorapRan@t us of

cl ai m,36 erein the channel estimator is operative to

fornf gem%%‘ﬁ%%e%%tﬁv%tetpé@ﬂ%a Blyralny of sty of repeived symabals for a plurality of
syfbo? BlSo R aglpt ected synmbols and to performan inverse

transform on the sequence of detected symbols to derive

a siagiaanelnstimatorioppratisetd &siveARurality of sets of detected symbols based on the
plurality of sets of received symbols and a cyclic-shift code for a transmitter, to derive at least one
initial impulse response estimate based on the plurality of sets of detected symbols, to remove a
phase ramp in the at least one initial impulse response estimate, and to derive a final impulse

response estimate for the transmitter based on the at least one initial impulse response estimate.

37. The apparatus of claim 36, wherein the channel estimator is operative to form a
sequence of detected symbols with the plurality of sets of detected symbols and to perform an

inverse transform on the sequence of detected symbols to derive a single initial impulse response

estimate.

38. The apparatus of claim 36, 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




estimate. 38. The apparatus of claim 36, wherein the
channel estimator is operative to derive a plurality
of initial inmpulse response esBilmates for a plurality
of code values for a second code for 31 the

the @ﬁﬁﬂilt&ér%&ldwgeﬂf&np&ﬂe%ﬁblﬁﬁg &n nﬂﬂﬂaﬁ% &antﬁ?imwlse response estimates
plurality of initial inpulse Fesponse estimates th
Withethe second cedale. 39. An apparatus in a wirel ess
conmuni cati on system conprising: neans for deriving a
plurality of sets of detected synbols based on a

pl ur abi r Lurality
o synbol et 2 el RE Eh TP Byt op Ry

t r ansmwdahs &or; der1mgl’a9plﬁ1@htydﬁ1’ set¢iofidet@ttell SABbole BEsedrbintd Iﬁhrahty of sets of
npul se response estimate based on the plurality of
r%¢§t"§d symbels det apluzdfivhof symbed apgodsaind aeyoli¢-sltjftacogt farer transmitter;

catT micod RS cfiving 3bleaRhe blibdPiny A PieREs SRR sed on the plurality of

séi€oPafe@eLSmbRse for the transmtter based on the at
| east one initial inpulse response estimate. 40. The

apparnzansfofrenddngaPasenhmpen thet 4 deaseansnitial indarierennse estimate; and

at | east P%g i.niti r{@i; npul se response estimte
conpficaRS InEEHYINg Glineb HRRYIRF tssRodspiestERatofor dleg Té@tséutter based on the at

le%Xﬂ;l%ﬁllﬁm‘M ﬁlﬁ})tﬂ&ereg 59e§t1§1¥afté)f sets of detected

nean orm ng an inverse transform
on the sequence of detected synbols to derive a single

initial inpulse response estimate. 41. The apparatus of
cl ai fP-3Bhe spparaspspiiaimnd3iehdrein thremparsiigr dériving atlleass bne initial impulse

ul se response estimate conprises, for
re%g(grhse%tg’lel vzgphlw%g%ng a plurality of code vaI ues for a

SecOoR@afPLe férding B@ec}deﬁébsé'ﬂ deteRfed 5%1%81% Wit e 2 ee dg gets of detected

sequence of detected synbols with”at least o
syebdsta@d synbols for which the code val ue appl i es, and
means_f or . perf.orm ng an |nverse transformon the

sequBiid® 59? PEEPTaupP@ AN SYeEsS tensigma e theesequence il detgrted symbols to derive
agﬂg}éhﬁﬁarﬁﬁﬁgwsﬁg (for the code value. 42. The
1,

apparatus of claim erein the neans for deriving

the final inpulse response estimate conprises neans

for ﬁ)eglt rmng code matching on a plurality of initial

i nputt bel hecppamtus Oéehnﬁaﬁ%svherm thewraehnf dor deniviny the at febst one initial

m?ﬁuls(éqgﬁ)o\ﬁ@é &‘?1?11até’\4:(§nt1‘prtisré f3F Each oge vaelue among a plurality of code values for a

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

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

an initial impulse response estimate for the code value.

42. The apparatus of claim 41, wherein the means for deriving 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.

43. A method of performing channel estimation in a wireless communication system,

comprising:

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




43. A nethod of perform ng channel estimation in a
Wi rel ess communi cati on system conprising: obtaining a
plurality of received synbols 3dr a plurality of
frequency subbands; 32 deriving a plurality of

det eclefiding \Wp@fatityosrsRetcRA syBoR|babed o the PlurhIRG @ Y&Lived symbols and a
synbols and a frequency-only code for a tranSmtter;
figareneyraplaecderfor b tangmipiat;se r esponse estimate based on

the plurality .of detected synbals; . repoving a phase

- arrp CPAIV R 0 e} LIPS EPORSG SSC paliehasel oF sthbirelifcp1 detected symbols;
per f ] I j : TR ' nse

Cat i oy RS Ty A L e L E R o

for tphdotmiagsmintdten. ordthe inftie inBuRe eespdnselestimnmdIo obtain a final impulse
further conprising: averaging a plurality of initial
reSRPRiESStmashte tBesmiEres obtained for a plurality of

synbol periods. 45. The nmethod of claim43, further

conprising: setting channel taps in the final inpulse

I espanseheficthvatof ckith 4 ITgamd: veRphRshew a predet erm ned
threshold to zero. 46. A method of tFansmitting a pil ot

i n aavgreging epleehinniiivisial iopudsesesonsestipraiesiobttined for a plurality of

eE@rat.ig a set of code synbols for a set of pilot
Sg‘ﬂ aHe %ased on a cyclic- shift code assigned to a
transmtter, wherein the set of pilot subbands is a

subset of a plurality of frequency subbands for the

syst étn Thawbethod g oiairh i 48] firkter semphsingode synmbols on the

set of .gi | ot subbands. 47. The method of claim 46,

wher &5tHng pangeliapsin the fingldmprlse sgspersgestimatsorich magnitude below a

' synmbol period with pil ot

p%?g&ﬁg%&ggfhgﬁ%h%lﬁ%gﬂ%ﬁyi ng the set of pilot subbands

used for pilot transm ssion in the synbol period,

wherein at least two different sets of pilot subbands

are f8ed mehodef teansmitéing aipslet iorn wineldisfdoemewticatoyrsiystem, comprising:
periods, .determ ping a set of phase. val ues based on the _

oycl Pariting el bl Fmpels it o S Sppiloisubings G ahgeeyelic- shift code
adsned RLa &Y ' ' ' ;

ol o A e (RS} ITREE S RIS s 3 BBty of frequency

subbamdsdfoothecslystemm 46] wherei n the generating the set of

code, synhol s compri.ses, for each synbol period with
pi | offd %H%tgg%ﬁf cocfe symbols on the set):)f pilot spl)lbbands.

47. The method of claim 46, wherein the generating the set of code symbols comprises,
for each symbol period with pilot transmission,

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.

48. The method of claim 46, 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.

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




generating the set of code synbols based on the
cyclic-shift code and a code value for a second code
assigned to the transmtter. 4% An apparatus in a
Wi rel ess comruni cati on system conprising: 33 a pilot
roc r t
pr e gﬁgée’ctprg&%%? dggﬁ;ﬁ@%@ %fagéagse o§§6%e0§‘ nﬁ{%lﬁjssfozﬁ@?tcﬂﬁ)ﬂot subbands
b&SQdJI en asy¢lgnguiticodaassigand i 4 trms,themﬁemrt the sstedf paliot subbands is a subset
ot sub&gnds is a subset of a plurality of frequency

B%@éo FAUCREY 4pdprds fonthg sustemagishi tter unit
oot Syt Sie Ry ! Bl fle SEO0GH oY IG5 BY el o of piet

set o0 € appara
subbsidsi n the pilot processor is operative, for each
synbol period with pilot transmssion, to identify the
set of pilot subbands used for pilot transm ssion in

et of phase val ue

h
Lag e%y rﬁ‘otaﬂ? ar&b‘él“ﬁ & agﬂqgtw %rnsg‘ethgaﬁ?tr%"%ﬁé Or 4§ OPEEAY Y5 For each symbol
p&%ﬁhﬂ@ﬁldﬁﬁﬁs&%ﬁmkh@ 188t t??{he%%f Mttﬁ}ot asbah&s lgs%ﬁ %ﬁglﬁ)t transmission in
the set of phas

he set code synbol s based
the aymbgl, pevmé,rteldateamMeem}:t of pheasel wélﬁesﬂmséd setle @@tligkhifitcode and the set of

Pl SRR a6 5 £y haipeaPerndiiagontralelten s 2@3&{@&3?@2% based on the
seﬁ)gﬁ)}%gé %luﬁsr %@?e?r? %t e5ot ARG AL MS 549 of g}? ﬁ%&r@&%ﬂe Lfsed for pilot

ransm SSi on, gen

trmmasﬁmnb@hﬁermmb@npérhﬁspycI ic-shift code and a code
value for a second code assigned to the transmtter.
52 The appar atus of claim51, wherein the second code

t t he d de .
R 08 B B S 888, ot
pediRR ai i plfot danshRiiBh bneMREREEA of Q&ﬂé 0 GREE ﬁh the cyclic-shift code and

pseudo-random wi th respect to st one ot

a epde yalie dorkeseasnd gorechssignat tol thasnsarigerot her transnitter.,
54. An apparatus in a wreless comunication system
conprising: neans for generating a set of code synbols

for & gL aﬁﬁ éﬁ)t'ug BF c1gifR %qnm%? Aot Wﬁé)é%na 08? Ci‘glog'tgpg%qal bo at least one other

code assi g trans erern

se@indaibds agshard o aSlea?st SHOSeher ﬁ’ﬁns@hlﬁéﬂ.ﬂ ality of frequency
subbands for the systemy and neans for transmtting the
set of code synbols on the set of pilot subbands. 55.

The ai mB4, wherein th ans fo _
gene?gglﬁ% g&#ﬁmgg 8f 4 d%’h%?lr?btg? §ecoe§ ﬁg(‘fq g@geud;)g@n@g@ pvith respect to
at yistonk opter kedndichfle s fg‘ii d td AN & Qher tf%gfﬁ?tté‘ror

identifying the set o | ot subbands use pi | ot
t ransm ssion in the syrrbol period, wherein at |east
g i f,f erent sets of é)l | ot subbands are used for pilot
t r ar? nﬁg&pg?{a fug 1n 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.

55. The apparatus of claim 54, 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,

I




di fferent synbol periods, 34 neans for determ ning a
set of phase val ues based on the cyclic-shift code and
the set of pilot subbands used4for the synbol period,
and nmeans for generating the set of code synbols based

on t heagefordetcpatfy ¥ 8dtWEphaseGaluth BaRBRARE é‘}fch‘éfshﬁll &d®and the set of
54, wherein the neans for generating the set” of code

péyh%b@dse@%fqréleessymhw pesseh asdnbol period with pilot

transm ss rat| he .set. of c

Sy b greatip i dn SR e 6t eOat e ol bk B dheoes GEihase values.

value for a second code assigned to the transmtter.

57. A conputer-readable nmediumin a wirel ess

conmfi Che agmaraysofaraist 64) wiereinghe meinsoos gerebin@ahe set of code symbols
npri sing: deriving a plurality of initial inpulse

CP‘@BB?FFIS%’T@%@ el perind Wltbpd%trafl‘syllﬁfonsynbol perl ods;

T, BRSSP b GRAT BRI it cod nd o

v@l@éﬁoﬂ'ﬂade@@m&@)dé@si@&dﬁblﬂlﬁ@ﬂréﬂsﬁn@& initial inpulse
response estimates with a first code for a transmtter

to obtain a final |rrpul se response estimate for the

trangzutg\ter. %8 'IC']EE uter-rea abl e medi um of claim
r P ERPPEEFadeplsgne D dF AR SomBRIniSATlen SYpirom 8ipring instructions
thehpassis ﬂ@ﬁé}l for pil ot transm ssion in each synbol

peri od, V\,hereln at least two different sets of

f r eqdenmayg s phivalitys f anidalispdlst ogspphdeastiina@s 68 sssluaiity 6f symbol periods;

t he %urallty of synhol %erlods and wherein the
r enoVATHQY 128 HR %Séf’fnaprﬁl eachod dhe plnmadityaef lnﬁ@mr@,l@ﬂaeeer@m@esnmates and

?fteiq AG ill’flg% B(E ﬁlg%tcﬁlégg)ﬁf %é;’ﬁluq?lg){ 6f’mﬁ}$§ Tmpuls 4 I:‘:,?Q}?(Hle ﬁglmates with a first
cadenfooh trapittecto dain Eh‘ﬁlapﬂﬁmﬂﬁe%sﬁoﬁé’ed&ﬁhﬁté%? kB Bfsmitter.

claimb57, further conprising: deriving a plurality of
sets of detected synbols for the plurality of synbol

0. Thel Bonpireust e BB EERE B aH By S itdrherspPriieher
Conpﬂétéﬂnﬂﬁmgra@e@bﬂfr&ﬁleflé}r ﬁbb%&nﬁ@@%r p'ilepﬁ*aﬂsﬂugsh& il 33 symbol

i mpul se response estimat'e, where L IS an
pgr@at’véﬁretmade&sneyo dififtrene bt ngfreqaxmc)nsma@dma &bedtfa Tﬁlld}tﬁransmlssxon in

fi. nal se, resp nse estimate to zero.
th&? allltgloflsgggg]m ABd8m of claim 57, further
COMPEh&ki%he i;énovmg a phase ramp in each initial impulse response estimate for each

symbol period is based on the set of frequency subbands used for pilot transmission in the symbol

period.

59. The computer-readable medium of claim 57, further comprising:

deriving a plurality of sets of detected symbols for the plurality of symbol periods based

on a second code for the transmitter.

60. The computer-readable medium of claim 57, 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.

61. The computer-readable medium of claim 57, further comprising:




setting channel taps in the final inpulse response
estimate wth magni tude bel ow a predeterm ned
threshold to zero. 62. A procesSor in a wireless
comuni cation systemconfigured to execute
| NSt keGhi; @Rshnel @OSRY the A inq)%lée%@gn& it Wikl n&%nit?de below a
initial rnpul se response estimates for a plurality o
peadetsoningsdrtimestwld ta zarevi ng a phase ranmp in each of the
plurality of initial inmpulse response estimtes; and
perform ng code matching on the plurality of initial
I mpulgsear y | ' . .
tranda Posrrenabea rorBs Eombinftafod bt SRRl Regyg instructions
cbmprising: transmtter. 63. The processor of claim 62,
further conprising: determning a set of frequency .
subb&pd¥ing agdurpbty qfiinigel impassresponssrestimates dor ssplutadity of symbol perinds;
peri erein at |east t different. sets of : .
Pr eq YR bbb tmy I8 et BOpsbR! inh il nPdss apqnse estimates; and
the pedbhihg Yo maHRGl onRBE kC)ngeﬂity 6?911«%@%@{11% Flifonse estimates with a first
renmovi ng a phase ranpin each initial 1 npulse response
cedst fona transmittee ticdbtaisanfiral immrlscodspansbesiethte fortthetrseininér.
frequency subbands used for pilot transm ssion in the
synbol period. 64. The processor of claim®62, further
CONpPkh STHY, bV It .5ets of detected
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64. The processor of claim 62, further comprising:

deriving a plurality of sets of detected symbols for the plurality of symbol periods based

on a second code for the transmitter.

65. The processor of claim 62, 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.

66. The processor of claim 62, further comprising:

setting channel taps in the final impulse response estimate with magnitude below a

predetermined threshold to zero.




