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|8603] in a wirdless communication system, a transmitter station (.., 2 base station or

2 terminal) may wilize mubtiple (T) transmit ardeanas for a multiple-dnput multiple-

output (MIMO) iransmission fo a receiver station equipped with multiple (R} receive

antennas, The muliiple transmil and receive antennas form g MIMCG channel that may

be used to increase throughput and/or improve reliability. For example, the transmitter

(Q station may transmit up to T data streams simulaneously from the T transmit antennas

to improve throughput. Alternatively, the transmitter station may transmit a single data
stream from up to T transmit antermas to improve reception by the receiver station.

{0004} Good performance may be achieved if the MIMO channel response can be

accurately estimated. For example, the receiver station may use the MIMO channel

respouse to perform data detection Tor the MIMO transmission, to sclect a spatial

mapping mairix 1o be applied by the transmitter station for the MIMO transmission, etc.

Chaanel estimation is typleatly supposted by trausmitiing pilot symbols thet are known

g priori by the recelver station. The receiver station may then estimate the MIMG
channel response based on the received pilot symbols and the known pilot symbols.

{6005} Channrel estimates obtained based on pilot are typically impaired by botk noise

and interference. The noise may come from various sources such as the wireless
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{6008} According 1o another aspect, an apparatus is described which generates a

) plurality of pilot sequences for a plurality of trapsmit antennas based on frequency-
C- domain code division multiplexing (FD-CDM) of a constant amplitude zero auto-
correfation (CAZAC) sequence such as a Chu sequence defined by a transmitter-
specific value. The apparatus further generates a plurality of pilot transmissions for the

plurafity of transmit antennas based on the plurality of pilot sequences.
{0009] According to vet snother aspect, an apparatus is described which receives a
plorality of pilot transmissions via a plurality of receive antennas, with each pilot
transmission comprising a plurality of pilot symbols sent in the fime domain on a
different set of subcarriers, The apparatus processes the plurality of received pilot

transmissions to obtain channel estimates.

{0010} According to yet another aspect, an apparatus is described which receives a
plurality of pilot transmissions via a plorality of recelve aniennas, with the pilot
transmissions being generated based on FD-CDM of 2 CAZAC sequence such as a Chu



plurality of pilot transm ssions via a plurality of receive antennas,
with the pilot transm ssions being generated based on |=.D-CDM of a
CAZAC sequ%cpﬁ) %hg%sas a Chu WO 2007/ 084988 PCT/ US2007/ 060776
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BRIEF DESCRIPTION OF THE DRAWINGS
{0034} FIG. 1 shows 2 wireless multiple-access communication system.
{0015] FIG. 2 shows a block diagram of a base station and a terminal.
C,_ {6016} FIGS, 3A and 3B show two interleaved frequency division multiplexing (IFDM)
pilot subcacsier structures,
{0017} FIGS. 4 and § show two processes for generating an IFDM pilot.
{0018} FIG. 6 shows pilot transmissions from 4 transmit antennas for an FD-CDM pilor.
{00197 FIGS. 7 and 8 show two processes for generating the FD-CDM pilot,
{0020} FIG. ¢ shows a process for sending pilot and data with different multiplexing
schemes,
DETAILED DESCRIPTION
[6021} The techniques described herein may be used for various wireless

communication systems such as multiple-sccess cominunication systems, broadoast

systoms, wircless local area networks (WLAWNs), ete. The terms “systems” and



comuni cati on systens such as nultiple-access comuni cati on systens,
broadcast systens, wi rel ess | ocal area networks (W.ANs), etc. The
terns systens and WD 2007/ 084988 PCTI US2007/ 060776 4 " net wor ks"

are often USEY'TH¥EBchangeably. The mul ti pl e- access sysPERUSHRYOHES
code division nmultiple access (CDM A) systens, tinme division

mul tiple access (TDMA) systens, frequency division. nultiple access
(.MA) systens, orthogonal F.DMA (OFDVA) systens, single-carrier

PDVA ( SC- FDMA) systens, spatial division nultiple access (SDVA)
systens, etc. The techniques may al so be dsed for systens that

enploy different nultiple access schemes for the downlink and uplink,
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6023} FIG. 1 shows a wireless multiple-access communication system 100 with
) mullipie base stations 110. A base station is genenaily a fixed station that communicates
C, with the terminals and may also be referred to as 2 Node B3, an enhanced Node B
{eNode B), an access point, ete. Each base station 110 provides communication
coverage for a particular geographic area. The term “cell” can refer to a base station
and/or its coverage atea depending on the context in which the term is used. To
improve system capacity, & base station coverage grea may be parfitioned into multiple
smaller areas, e.g., three smaller areas. Each smaller area may be served by a respective
base transceiver station (BTE). The term “sector” can refer to 8 BTS and/or its coverage
area depending on the context in which the term s used. For a sectorized cell, the BTSs

for all sectors of that cell are typically co-located within the base station for the ceil,
{6024} Termingls 120 may be dispersed throughout the system. A texmingl may be
stationary or mobile and may also be referred 1o s & user squipment, & mobile station, a

muobile equipment, an access ferminal, a station, efc. A terminal may be a cellular



area depending on. the context in which the termis used. For a
sectorized cell, the BTSs for all sectors of that cell are typically
co located., within the base station for the cell. [0024] Term nal s
120 may be“ YPEIEBI t hr oughout the system A term nal KEYUSHO7/060776
stationary or nobile and may al so be referred to as a user equi pnent,
a nobile station, a nobile equipnment, an access termnal, a station,
etc. Atermnal nmay be a cellular WO 2007/084988 PCT/ US2007/ 060776 5
phone, a personal digital assistant (MA), a wireless nodem a

Wi rel ess communi cation device, a handhel 8 device, a subscriber unit,
a laptop contputei, a cordless phone, etc. [00251 A system
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filters, anplifies, and converts e output chips, to generate a

downl i nk si gH’&I transgyitier an receiver sta jons. Pmcesmr 216 multiplexes the pilot and data
symbols, performs transmitter spatial mapping (if applicable), and provides U output

(‘_ symbot streams to U modulators (MOD} 218a through 218y, Hach modulator 218
performs moduolation {e.g., for QFDM, SC-FDM, efc) on its output symbol stream to
generate output chips and further processes (e.g., converts from digital fo analog, anslog
filters, amplifies, and upconverts) the output chips to generate 3 downlink. signal. U
downiink signals from modulators 218a through 218y are transmitted via U antennas
220a throungh 220u, respectively.

16028} At terminal 120, V antennag 252a through 252v receive the U downlink signals,

and cach antenna 252 provides a recetved signal to a respective demodulator (DEMOID}
254, Each demodulator 254 processes (e.g,, fifters, amplifies, downconverts, and
digitizes) it§ received signal to obtain sampies and further performs demodulation (2.3,
for OFDM, SC-FDM, efc) on the samples to obtsin teceived symbols. Each
demoduiator 254 provides received data symbols to a MIMO detector 256 and provides



downl i nk signals from nodul ators 218a through 218u are transmtted

via U antennas 220a through 220u, respectively. 100281 At term nal
120, V antennas 252a through 252v receive the U downlink s al s

and each amr}g N493%8 brovides a received si gnal to a redf E@g?‘\‘)é{“d"”ﬁ
denodul ator (111.11\4013) 254. Each denodul ator 254 processes (e.g.,
filters, anplifies, downconverts, and digitizes) its received

signal. to obtain sanples and further perfonns denodul ation (e.g.,

for OF.DM SC-FDM etc.) on the sanples to obtain received synbols.
Each denodul ator 254 provides received data synbols to a MNI ()
detector 256 and provi des WO 2007/ 084988 PCT/ US2007/ 060776 6
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Voror | es. 2427508 03 he Lictved HoPRAL AL BBliat S CRRRRIE NIMO detoctor
110 and t er n2Fhfor MDIOdestien-i vel y. (0031.1 The techni ques descri bed
herein i rgbe useéa.\;%zi&y/s;dc&%&s%b%ﬁ& F’S@Ecsﬂtﬁ't'l?ébﬁe?zﬁzon Ilagsefs%ogvmgnd
descrip assumes subcarriers are aval l e fo

transm ssi ontergiygl é?‘é f&@l&‘ﬁc@ﬁ@‘ﬁ |"ﬁ€ﬁ"@‘é%> 2 @ Hrovigre date ﬁilﬁ Pl%mm codes for

base station 110 and terminal 120, respectively.

[6031) The techniques described berein may be used with various subcatrier structures.

The following description assumes that K total subcartiers are availalile for transmission
(_ and are assigned indices of O through K1,

{0032} FIG. 3A shows an [FDM pilot subcarcier stracture 300 that may be used for
TEDM or distributed OFDM data transmission. In subcanier strocture 300, the XK total
subcarsiers are arranged imto T disjoint or non-overlapping sets such that each sst
containg L' subcarriers that are uniformly distributed across the K fotal subcarriers,
where T and L° are suitably selected integer values, Consecutive subocarriers in each set
are spaced apart by T subcartiers, where X =T-L'. Hence, sct / contains suboarsiers
fT+i, 2T i, o, (L'=13Tai, foriefo,.. T-1}.

{6033) FIG. 3B shows an IFDM pilot subcarrier structure 310 that may be used for
LEDM or localized OFDM data transmission. In subcarrier structure 310, the K tots!
subcartiers are arranged into G disjoint groups such that each group containg
N"=K/G rvonsecutive subcartiers, where N” and G are suitably selected integer



10032[ FIG 3A shows an [FDM pil ot subcarrier structure 300 that may
be used for |F DMor distributed OPDM data transm ssion. In
subcarrier structure 300, the Ktotal subcarriers are arranged into
T di sj oi nt W8 208E¥ 288y er | appi ng sets such that each set PEHFBHNHEG0T
subcarriers that are uniformy distributed across the K total
subcarriers, where 'I' and L' are suitably selected integer val ues.
Consecutive subcarriers in each set are spaced apart by T
subcarriers, where K=T L'. Hence, set i contains subcarrierrs /,
T+, 2T+, ..., (L'-1)T+i, forie{O,...,T-t7}. 100331 FIG 3B shows an
| PDNI : pil ot subcarrier structure 310 that may be used for LEOM or
| ocal i zed. OFBMes.dates rgngpi & shdndesl sutgaiveard ithrough r BUt-UL e8| tddudes

K total subgarri, 8 nged L G, Al Si.Qly 0 such, t ha .
each group co%%dﬁl&rﬁs ]ﬁr %ﬁ%ﬂcgﬁsecug‘m s‘t cf%r r%mgé &p\i\ﬂer‘%‘&‘ﬁﬁ* Sg{g@r@m
are suitably KeMNctheahghritedger WO 2007/ 084988 PCTI USZOO?/ 060776 7

val ues gro 4 g

i ncl udeé&ﬁgﬁbcar r :ﬁe{r @M&qﬁ}%‘?&%‘% }ié’{mﬁé’q el oérzll{:a% m(j?(”)[' déé’@-%gselg&“c} that
i ncl udes subeasrsebemiainCl? Nkbmhmmgm e um:‘um[i@@M)bﬂbﬂaad%sq&h&mﬂrmbmsm
I n each grou r 2 LRGORT ] t hat

set cont ai ns?rf ?mﬁ?@l ér‘?ﬁ?gqt h&t Olz;r e%ﬁ%ﬁ*o%ﬁ)&ggllgt r |eﬁm¥'e%m‘g’cp}§§c£us be
the N' subcantheged in slm:tahatangﬁmpiemm;iebM'ml{‘I(F, 3Ah@IG!I 3B slasarthe Erssts of
i n each grOUQutIE%\MmH%%Q% ?err(@cg ed in simlar manner as described

above in MG sﬁ'o the T sets of subcaniers for
Egbc ar r i¥BSgr oup I gEOBSAnY sybgeer @tructtammag M‘ﬁ ifesr piltt mod detn arapsryission

used for phhkQtsRREnidald E{ﬂ@n?&‘ éc%hfr%ge sxbe ey gﬁc\é@}et% ﬁ%‘ﬁbé"v?éeﬁ@&‘the

For exanpl e, subcarrier str uct ure
and subcar r i 8pWakiky @nd sEbEIeTHMcHES aé‘ééﬁﬁ‘r’fl‘tﬁ v fon e wkinkor Gther subcarrier

subcarrier  skdebifes ¥ HssR éﬁ cHOthE:, oA katd Qky b 54:;%91@ thedaind or

may be sent using the sane or different subcarrier structures.
100361 A traﬁsfﬁ??”ﬁé‘ﬁbcﬁf’ﬁ’é'lsﬁﬁc%? transmt pilot via multiple (T)

transm gemgft enn as AUSdnBBhittor SEtiol Sutm& ézbﬁit%bﬂﬁa%ﬁﬁlﬁﬁﬁs(ﬁ WER @ adtbdMRs using
di vision mul ti eXIL;‘—l t i medopmi n. coed|V|S|onrmM£eX|n
(FD- CDN1), OF&HS T %wh(cm@%fﬁ?s sugp @s tme igiopyayldelermg G jime-domain
receive the BdadeHst&cﬁa i plptiag ({Rbmfbﬁﬁl \(ﬁ?Wt SFDRE PDQ‘?J?W &5'[ | ATk River
the DbllM O channel f‘ﬁ Si],u Z‘? as a(lﬁ gcrcound noi se
interfer ence"tﬁﬁ%a"‘gﬁf‘ Rt "’é’ﬂ ‘Tﬁ* e (REFRCRATHERAT f‘ ma@”ﬁé“ma“‘ the
transmtter SMMdeharRY répolasSe: Sbtds WackgBund R€ise and imterference based on the
received pilot. For the downlink, the transmitter station may be base station 110, the
receiver station may be terminal 120, T may be equal fo U, and R may be equal to V.
For the uplink, the transmitier station may be terminal 120, the receiver station may be
L. hase station 110, T may be equal to V, and R may be equal to 3. Pilot for a MIMQ
ransmission may comprise a different pilot sequence for gach of the T transmit
antennas. A pilot sequence is a sequence of known symbols that may be gent in the time
domain or frequency domain depending on the multiplexing scheme used for the pilot.
[8037] For TDM pilot, a time interval designated for pllot may be partitioned into T
time segments that may be assigned 10 the T transmit antennas. The transmitter station
may send a pilot transmission from each auntenna in the time segment assigned to that
anfenna. The pilot transmission from each antenna may be any pilot sequence and may
be appended with a cyclic prefix to combat frequency selective fading caused by delay
spread in a muliipath channel. A cyclic prefix is also referred to as a guard interval, &
preamble, etc. The cydclic prefix length may be selected based on the expected delay
spread. A unigue word may also be vsed in place of the cyclic prefix. The receiver



receiver station may be termnal 120, T nay be equal to (!, and R may
be equal to V. For the uplink, the transmtter station may be
termnal 120 the recelver station may be ~. base station 110,
be equal t&A2URB my be equal to' U Pilot for aM NDPCFW?PQW@Q%n
may conprise a different pilot sequence for each of the T transmt
antennas. A pilot sequence is a sequence ofknovnrr synbols that may

be sent in the tinme domain or frequency donai n dependi ng on the
nutltiplexing schene used for the pilot. 100371 For TDM pilot, a tine
interval designated for pilot may be part&ioned into T tine

segnents that may be assigned to the T transmt antennas. The
transnmitter SRHPRGIHY sFipamahel MEMIP chpntet sasnenss apé nofse onivadte-deraan RAKE

in the tine sequRMe 398iANEd dofhnt us@@tﬁzn@%\fixh%yﬁéﬂx@t or fre umcy—%omam
transmission from each antenna_nmay be any pilot sequence an

appended wi t RTPeiRg | Tolsp spimation @ewbaﬁmﬂaiewer@rw dopes fiope oﬂamnﬁgmsmﬂ

caused by debadans Wg!d&namﬁé”ségrﬁé{tmngﬁﬁé}@% noﬁxaﬁ‘e\‘f&éﬂ%&ﬁ‘?cﬁ'ﬁ | ¥t Sransmit
also referred to as guard interyval preanmble, etc. The cyclic

prefix |engt ﬁﬂ*hﬁwbehé%ﬁé’a%at%é%@a neiﬁﬁ'frﬁ%ceest@@cfeféﬁ Hensities ﬁa@% mgy be
uni que word E@ypré&dsed theusifg diiirireRl P06t QbrafbBng KedicRicd b Wiftel@R transmitter
recei ver WD 20Q7/ 084988 PCTI US2007/ 060776 station nmay estimate the
1vi; I MO chanfgf® I?esponse and noi se using timnme-donmain RAKE processing
(whi ch ja3sspmonl yous“BdCDM ﬁl@,YlfAi:E&&heﬁﬂ)DGﬁﬁalfbé@%eémaﬁBgﬁhﬁvned to the T
processi ng J nce nt

e trivial fro
ly one t ra#%ﬁ%’“ i ﬂme Bh hu“?u?fg%)‘}“ YV OEREE ’r%g%‘méiﬁ{ﬁ"q%r'gh‘? gasgrter
@I erfer encesthhmmmﬂ&hgenetraians nirte-dembionpiks. seqnérek - for el tehemiphheina by

interference s i, L€, SURPY ed

using i 1 or Bt REA Yt SARAT RS ElenBirlh WA B AP ap SRR G et hgpnne
stations. 10036 trafgeitiFDstGRM piy me,u gﬁndafrefaqn@nmmih@gohaleaéemmmmxenna
may be assig t n a chi.ev

ort hogonal | t)i}&sl%ﬁ %ﬁ?‘ﬁnﬂé@oﬁ&a@zﬁ'%ﬁ& ﬁ@%xﬁ% APnd Pﬁm%ﬁ%m&é% cﬁatﬂbn% é%ch {ransmit
generate a t RWERGoMay nloppbW%WBerlm@fewe [iug o sisin str@mémmabryobsene
MUl tiplYiNg Sl faP 1ARPRLALARE S BRUCRGRrllsldis td[q% B Qb Q00 BUMIELC The
for that antenna. e transmtte tatlon en generate a

t ransni ssi onrecRiyer éT&’(—‘lW‘- g resHoatcaieviido @asfe@ TOWORsE uimmuwmwn RAKE
pi | ot Sequenﬁﬁmeégt}% Whli&tca'izrt@xﬂfiﬁ@ he b?cﬁcécfn%% ttf:@'?‘s;fﬂott traﬂé?ﬁ:@ﬂ&@ due to
may not observe I path I nterference st reans

observe mul B§e ﬁféﬁfkﬁ piQEoRdr tqeenEs astignegi footbet ¥ é‘ﬁ@?ﬁ%sﬁ%ﬁ@ﬁ ra’r*?ﬁ receiver

ot her transmyhignhRy! Q@ﬁmaﬁ%mds%ﬁiﬂﬁﬁeﬁér%de%%& &ﬁslwﬁﬁttﬁtat ﬁﬁaam.l}/' M-
channel .response usSing %{E?B omai n RAKE Ej_proce55| ng

ch
expl oi t the 8?1‘?%‘68‘?13!1?& ipt LAY PO SEPRIESSEY AWsHi'es ldg?i"é'eﬁﬁi‘tté"mmmg

sequences for different transmitter stations.
C ' {0039} For OEDM and IFDM pilots, N subcaniers may be used for pilol transmission

and may be arranged into T disjoint sets, .8, as shown in FIG. 3A or 3B, with each set
including E subcarriers, where N=T-L<X. InFIG 3A, Nmay beequal fo X and L
may be equal to L', Tn FIG. 3B, N may be equal to N¥, and L may be equal to L7, In
any cage, the L. subcarriers in each set may be uniformly distributed across the N
subcarriers to allow the recciver station 1o sample the frequency spectrum actoss all of
the N subearriers, witich may improve c¢hannel and noise estimation performance. Each
of the T ransmii anlennas may be assigned a different one of the T subcarrier sets.
(6040} For OFDM pilot, the transmitter station may send g pilot transmission from each
transmit antenna in the frequency domain ot a set of 1. subcaiers assigned to that
antenna. For each fransmit antenna, the transmitfer stetion may map L pilot symbels to

1. subcarriers in the assigned set, map zero symbols to the remaining K ~ L subcarriers,



use of the orthogonal sequences assigned to the T transnmt antennas.
The receiver station may estimate noise without interference from

the observed data streans. Inter- transmtter pilot interference may
be suppres¥RBYOBBng different pilot scrambling sequBREF§200F60776
different transmitter stations. C [00391 For OFDM and | FDM pil ot s,

N subcarriers may be used for pilot transm ssion and nmay be arranged
into T disjoint sets, e.g., as shown in FIG 3A or 313, wth each set
including L subcarriers, where N=T. L < K In FIG 3A N my be
equal to K, and L my be equal to L. In BIG 3B, N my be equal. to

N', and L may be equal to L'. In any case, the L subcarriers in each
set may be unpd gepdrgtedinsGFPhUswobd dryeson Hie Meppsdpdlamend zévo sghibols. t e T
recei ver sta f

N ouboarr . oPLorirpRrRaTRl il ind TAAERE e RRGEL bUTLE RSl plncfirirs B e
per f or mance. thmg corthogpnal Ha ﬁ?qusms milhe gatedven Stativnymige padeiny whehmgl and noise
different. 0RgimfridnEasdd %Hqgﬂwféde;fﬂcﬁ%% bol A g'lfrg (gf&%mﬁ 1:1!' dossibd) The
transmtter station may_ send ransm ssion m eac rans
antenna in t Reaoneegud ﬁ@;ﬂedﬁﬁm&ﬁm@) rflogs et sgﬁfemFrgtaib@wrramtmatgw@me tsawe
that — ant enngrihéinaBAGH abiidRAHhod he MNRiot %@Esrﬁigﬁ&?sm ﬁl&@évc?t @&?ﬂ%ﬁé@nﬂa

map L pilot synbals to L subcarriers in th aSS|q zero
synbol s to t FEPEHRPIERpkIo-ay ey Tatie (PW)ZG? ?@ciwnemss th@f» egatio of the

PCTI US2007/ 08&:k7 Bowerdecd ﬁ‘i%e&%}a@re 6}5&‘@? L &y opohv BaseeheRN cdd18e rl?_zE}Pﬁfithe time

pil ot and zer,0 s t transm ssions fromthe

ansnit ant 8%3%”10'318%% il Gt M P o Rp o DR reted or sected
rthogonal i gudhr eauemyw%es 26 Bt 8¢ paﬁsmibonzzﬁwma@mfmm:fdﬂ@mé oyl be
noi se esti rrat.¢ sed on {??ﬁl ve Hg ;%@ nbpl s _usi ng
fr equency- dofRREF Be BORF RO PEning, fTeey Pi8i 88 esti mation does

not suf {Wif rom i Hbeff*‘-m‘mmmalze thenfizeenapoahacendal filo ganahisiyn hﬁm each

achi eved. nsm ssi ons.

oo A o RSkt B e ERORAR bR 02 SEY B Elerich SRR il fgpe
the rati o of iomeachpmnwmma,dhe tm:*;auimaageﬁman wehisfann QFEbivsgundbiarfnm
can be high n opali _ '

transmt ant tehnnIiaiﬁl%wsléé'g§ng‘%n{'eﬁr%a %‘H‘Eg(re’y ?é} o l%/iggzsuc %%Eﬁ 'Fmi‘f‘ﬁ%g?ﬂ?’ﬁ" L
is as | ow assyposgids o theesagoadrehandst raee s§ mb@s fte thenesamdys Fe- L. subcarriers,
mtigated by,ps [ e 1

For |FDM pi flot g@ﬁratg ng%%iﬁk?mbﬂg%%{ego&lu&@qx%ﬁgﬁgQ{‘aqllgfu]rﬁ&? and 98% .%rmbois
transmi ssi onThe dmieagnnsopissiprsriom e B vaastin amh@ats |ommmmwbaamstetand

of L subcarr g, 253hanas 15%4(;“@5(:#2 nf‘iﬁm@mve.r sﬁftfﬁ elﬁep %é & %f%nmfl and d noise

ant enna, thetransmtter st transform
the tine don§twnationthpsed pegersied mwrﬁmbdmmgh%etmeww%wﬁ rtwepmm The

synbol s t0 Lehanpel and noise estimation does not suffer from inter-antenna interference since
C orthogonality is achieved among the T pilot {ransmigsions. Furthermore, high PAPR
may be avoided by using pilot symbols with constant amplitude in the time domain,
Good chanmel estimation performance may be achieved by properly generating the pilot
symbols as described below, Imter-sector interference tnay be mitigated by proper pilot
planning, frequency hopping, ete. _
[0042] For FD-CUM pilos, T different orthogonal sequences may be assigned to the T
transmit antennas and used to achieve orthogonality in the frequency domain,  The
transtnitter station may generate a frequency-domain pilot sequence for each transmit
antenna by multiplying a frequency-domain base sequence with the orthogongt
sequence Tor thal antenna. The mansmitter station may then generate a pilot
frangsnigsion for each transmit antenng based on ifs frequency-domain pilot sequence.

The T pilot transmissions from the T transmit antennas may be nearly orthogonal in a



subcarriers in the assigned set, map zero synbols to the remaining

K--- 1, subcarrierst and generate an TFDM synbol based on the

mapped transforned and zero synbols. The T pilot transm ssions from
the T tran¥R U Enas occupy different subearriers an8CTASHOPRILS
orthogonal in frequency. The receiver station may perform channel and
noi se estimation. based on received pilot synbols using
frequency-domai n processing. The channel and noi se estination does

not suffer frominter-antenna interference since C orthogonality is
achi eved anong the T pilot. transm ssionsly Furthernore, high PAPS.

may be avoi ded by using pilot synbols with constant anplitude in the
time domai n. s chramakiveyt hiraet] Gifersat pahegenlesoimondsy  Fbhirescite sption
properly gengat ﬁaé?ﬁ}rﬁlh@hs%akpﬁn% rOWEDAL S 86, daser bz?qgcbk\ez-{docht symbols using
inter-sector 1hterference may be mtigated by proper pilo Yanni n
frequency hofi§RRECY-Epaiain poresing ©.8.Fi Bonlapimasner 35 §pf ey OFOM and 1TFDM
orthogonal sggignces nmay be assigned to the T transmt antennas and.
used to achi eve orthogonality in the frequency donai

Jy. mai n. The )
transni t4963] st at | OBV YERRRIESchees dor ot predreriusd pr Fgthes defpib helaw.
for each transmt antenna by nultiplying a frequency-donmain base
sequence with thetorlE®MOpHbe sequence for that antenna. The
transmtter station may then generate a pilot transm ssion for each
transm {ooadit enna RBas®iM pilot maf heqeentym dberll terginiicint@wgs en qedisj o getd of

pilot transm ssions fromthe T.t st anptennas pgay be near, . .\
thogonal | RO 6 DEIGHE R D 6 HPoRtr 76 oF T Rp ot foch st
hannel due tmewse OfhedfDEr eiiot oy hiog gpadrated quilince baseT hayuen@e bandng good
station nmay f.armch a [ ' ioh hased on recejv

pi |l ot synbol E&géﬁL%% '%ri g%ﬁ%h%%o%ﬁ%%‘?%%%% n%p "%g“g&g i %Ms{? ﬁ‘? daf%gﬂp oral
manner as f osharimerGEBM(anda LEBRANt Bitdcalumait 6048 Sevbeald mebtrdl pharttagstics

schenes for pilo I ' 1, et.a] | QMo o, » ,
i 1ot (0044105 T ERMFeSIERES bk ik dbla Wlyyt 3 sf¥liet fnarhcscrtbl
on T di sj oi nbe geipined mithsvasions LAFAC (wongam ampisudagerd anPHOIeRRoRy seguenees.
one set of Ls5HecaLAgES ¢ 07ARAERuEIRNSHlIbge G 8RhSHARencING FERM Rbkdke, »
may be generated Wwth a base sequence havin good properties. For
exanpl e, thespnesdized qduirckad(iChe ssapatct.cd LOIORMY 8eqEBRP. t Rhypbtaf4 and Px
characteri st jGoe@esRst ant time-donai n envel ope) and good spectral
characteristics %e. g., a flat frequency spectrunm. These good

t enpor af®4fld spectt ane derdgracet €y sagpeenqur) of length L is used as the base sequence

for the IFDM pilof. This Chu sequence may be expressed as:

o (my=e ¥, for #=0,...L—1 witheven L., Eq (1)

e (ny=e * forn=0,..L-1 withodd i, Bq (2)

where 4 1s a frequency increment index that is selected such that A and E are relatively
prime and have a greatest common denominator of 1. L is the base sequence length and
may correspond to the number of subcarriers assigned to each transmit antenna for piot
transmission. £ may be a prime number {e.g.. L=257), which may provide good
cross-correlation properties for Cha sequences generated with L ~1 different values of
A L may also be selected based on the number of subcarriers used for pilot

transinission by each transmit antenna (e.g., L =236}



be obtained with various CAZAC (constant anplitude zero

auto-correl ati on) sequences. Sone exanpl e CAZAC sequences include a
Chu sequence, a Frank sequence, a generalized chirp-like (GCL)
sequence, YN UM%equence, P1, P3, P4 and Px sequencBST/ &0@7/060776

[ 00451 In one design; a Chu sequence c,. (n) of length L is used as

t he base sequence for the IFDMpilot. This Chu. sequence may be
expressed as: .,r z,? cl(n)=e' _..". , fora 0,...,L-1 with even L,

Eq(1l) C (n) - e=forn. =Q ..., L--1 with odd L , Ecl (2

where A is a. frequency increment index thiat is selected such that ,2
and L are relatively prine and have a greatest comon denom nator of
. L i doadbse basehsamaﬁnme{ll)an@(% amy brryedcar a esporidertpotilie vauabecode to
of subcarrier h e for pilot

£ ransmissi Ond?sf_iﬁ%kfgﬁx%% o?%ﬁﬁém th ang {p?tlﬁmg{%é,r ﬁ?a: s ‘Ev)ﬁ??qﬁe‘i r%ﬁl/ow. A set of
provi de good vaiuaomsv éerdeﬁminedrfcpﬁdqaﬁfdtmﬂhefsmme%ie&gﬁpﬂan@esexmnpk the sat

gener at ed V\AthLI | ect

based on t he "H¥nBg P““ {}B‘Eﬁ é %seﬂf"ﬁ%f ’ﬁ% i‘r%ﬁkﬂfg %ﬁmc”t A

IeD ?ﬁ_ ;1 UtSr288$ /rnowgz?asgmep ha fggg%eld tlol-mff&ﬁeﬁtz uadé@.ﬂi’i)&?s&i@%&(&%ﬁa mgferent b%se statzons on
11 1004 n_equations ! Y, A na use

s ' a transn dieevabalRBgam BngRaR gadh whik, Hfeaipise Relisprsibicraed

from di f f er erfithtdiffasm 4 veibeshalel oifinal asostlesasiiadifived GfferoicsBérw@én the two

val ues nmay be determ ned for A based on the sequence length.L. For
exanpl e, the *EHSH T ﬁ%l“ﬁé[e?lﬂ“%‘i’ dedHgs sgnt ?«3 fgffe*éﬁ% tgngpiftes é"&ﬁ‘é‘ﬁ‘c@"m

{fngt h of 1, dWJﬁn{:ﬂJ&fhﬁ:&%ﬂhﬁﬁd fy\'iﬁibkl%n% WBYoramagsh anedn haagh f f erent
.

ansmtter statigns, ) ferent base stations on the downli nk
or diffd¥¥dt tenni ﬁ%@“‘oﬁ%‘%‘*dﬁﬁl argensteptidae-dapapaay B!s‘@ﬁu&ﬁ@@s‘“ esults in low

gﬁne {j a}g ]grd ngdfcf' gy ﬁmﬁ Arnead: mi&qh?m@ ‘1[&301&?&"&&@ ma&le:ﬁ:@rsb@&tﬁﬁﬂ Qbibd may
the difference bet val ues are tive ime t

pilots sent HPEYT V@F‘@ﬁﬁ“ﬂ%ﬁ%ﬁ@é‘?‘@%ﬁ%‘ﬁ%‘ WVSFP e %ﬁf‘%w the Chfmei
val ues m ni Mahdeykal dunsityf BRIt Bhiéskn.one another in such a case. 100471

The Chu sequence has a, constant omai n ve ope, .whjich.res .
T on BRBR T or B Smet aS6Re beyl PUat, (RS SPURt BGinet paeeort toFT) is
frequency’ spegbdinedonhi Chu@YuedcBRY Meodbann @ rastohiRl s@@ence C; (k) with L
performance especially when the distribution of the channel spectral

density is néymkelpwhhe rppdgmadiequenet dbendissd anthedasq segedee | nver se
di scret qodrguri er iy 3RSk &dsfgh) al Sseudo-randors number (PIN) sequence pn(n) having

good auto-correlation and cross-correlation propertics and low PAPR properties in the

time domain s used as the base sequence. The PN sequence may be derived in any

maaner known in the arl, e.g., based on a polynomial generator or with an exhaustive

( search of all possible sequences of length L. Olher sequences may also be used as the
hase sequence.

[0050] The [FDM pilot for the T transmit antennas may be generated in various

manners, In one scheme, the base sequence is replicated T fimes and concatenated fo

obtain an extended base sequence, as follows:

b (n)= 15:1,3’:,{?? —i-L), Eq(3)

Ly

where b {r—i-L} is a base sequence that is dedayed by 7-L samples, and
b, (1) is an extended base sequence of length N.
{0051} The base sequence &, (r) of lengih L may be equal to (a) the Chu sequence so
that & (2)=c (1), (b) the BN sequence so that b (m) = pr(x), or (¢) some other



perfonned. on the Chu. sequence cL(n.') to obtain a transforned
sequence Cr, (k') with L synbols. The transfornmed sequence is then
used as the base sequence. 100491 in yet another design, a
pseudo- r an®¥$h30AIE8 ( PN) sequence. pn(rz) having good PCT/US2007/060776
auto-correlation and cross-correlation properties and | ow PAPR
properties in the tinme domain is used as the base sequence. The PN
sequence may be derived in any nmanner known in the art, e.g., based
on a polynom al $ener'ator or with an exhaustive search. of al
possi bl e sequences of length L. O her seqyences nay al so be used as
the C_. base sequence. 100501 The IFI 7NI""pilot for the T transnit

ant ennas maysd3fedt@Nahalg@skidd (%a&ieoﬁ %opz@?ief‘ RleShasé Qec%lﬁgces %h tc@ﬁtged and
base sequence is replicated I'" tines ‘and concaten bt ai

ext ended baswurawgdesmbghaidbe ftattlofvie -th sequientafollpis anmled(ate}iy sfidr thedoe{d3)f the
f --i13 wher e(:hh(tﬁzszarr%eﬁgé) The 'Iadggﬁa‘a d@g%%gscﬁ'e sﬂfi’ltmé t&‘X S_ﬁ %%ended Lbase

sanpl es, and IS an exten ase sequence o
100511 The bweerseduf(ﬁb:@flﬁ_n{,ﬁu)\lof | ength L may be equal to (a) the

Chu seq e so ( the PN sequence so that hL(n)
pn(n), @59?30) o) f’?\ 1“%\5 ﬁ%@&%&%’d SHPSFHO BTG as foltows:
sequence. In equation (3), the T copies of the base sequence bl.(n)
are delayed and arranged*such that the start of the /-tb sequence

fol l ows i medi atefsﬁ”éﬁ’g t Re(®hd of Ph&=R/+Nylth sequence. The Ba®
del ayed sequences are sunned to obtain the extended base sequence h

tﬂ) of I engt@nde . p[r@oé?tﬂt, 6119& deaﬁuﬁg%&ez%ﬁ Eﬁa&ﬁt age@%hﬁ]&d@ %?lﬁg%hmbar

ransm t antenna as Sex.
t he pil ot segjaencend e:r ﬁter“ﬁmsmptesamﬁmﬂaended Eﬁqsmkeqamc(é)’rmslbpaew the phase

| i near phaslglﬁ]) ﬁepeng?ﬁwe@%rp%ﬁ%ﬁmm he ext ended base sequence.

The sl ope of 't hase erent For different transmit
ant ennai$p33 00531 ’ﬂ%taebMS@qaerqmehp(e) bgampaigo it Aimpsionan RRmERIRINA ocoupies L

sanpl es and oc i,es conse i ve sybcarriers. The replication of
t he base secﬁ?@h%;gtr’fe F gglq'%sﬁ!flpstep }paftt% of the base sequence {1 times resulls in the

extended bage sequence B .(n) occcupying every T-th subcarriers in the frequency
domain, with zeros for the T —1 subcarriers between congecutive ocoupied subcarriers.
The multplication with o™ "™ in squation (4) effectively shifts the pilot sequerice for
transmit anfenna 7 by § subcarters in the frequency domain. The T pilot sequences for
the T antennas are shifted by different numbers of subcarriers and are thus orthogonal in
the frequency domain, with each pilot sequence occupying a different set of L
subcarriers, e.e., as showa in FIG. 3A or 3B.

( ' {0054} FICs., 4 shows a process 400 for generating the 1TFDM pilot. A plurality of pilot
sequences are generated for a plorality of transmit antennas, with each pilot sequence
comprising a plurality of pilot symbols sent in the Hme domain on a different set of
subcarriers (block 410). The plurality of pilol seguences may be generated based on a
Chu seuence with A=1, a Chu seguence defined by & transmitter-specific A value, some
other CAZAC sequence, 2 PN sequence, ete. A plurality of pilot transmissions are
generated based on the plurality of pilot sequences (block 420).

{0055} FiG. 5 shows a process 300 for generating the IFDIM pilot.  Process 500
incindes blocks S10 and 520 that cotrespond to blocks 410 and 420, respectively, in
¥IG. 4. A base sequence of length L (e.g., a Chu sequence, an IDFT of the Chu
sequence, a PN seguence, et is initially generated (block 312). An estended base
sequence of length W is then generated by replicating and concatenating multiple (T)



ext ended base sequence occupyi ng everyT--th subcarriers in the
frequency domain, with zeros for the T-1 subcarriers between
consecutive occupi ed subcarriers. The multiplication with e "' "\'"
in equatioﬂ“{%ﬂ’&??@ctlvely shifts the pilot sequence fBFT/USATATTS
antenna i by i subcarriers in the frequency domain. The T pil ot
sequences for the '1" antennas are shifted by different nunbers of
subcarriers and are thus orthogonal in the frequency domain, wth
each pil ot sequence occupying a different set of L subcarriers,
e.g., as shown in EIG 3A or 3D. (005413;£1G 4 shows a process 400
for generating the 1FDZ3. pilot. A plurality of pilot sequences are
gener at ed. fczropaaspdﬂjthal ihatsy seﬁudimar{tﬂmsbk san}. enasiot sequEneach ehdrored for each
sequence

. pil at nbal t in,the ti

o n_on o e BftpRa By iy RireBhe s e P Snded et -
of pilot sequehoes imeguiniugedhdblatiedibnsAdpim tamzﬂssios efjuengle Wi-tth may be
1, Ch tt

of hor Cazac SagiBeE SRR SR Ea sbhRBEL bR BB R Bl B [ ne st
transm ssi orwc;me igerﬂmtmmdnba{hm ai20). helipl W@hbmrysmfmmﬁm is achieved by

f

Gonerat i g tRBPERR lost EB0RREs B B iioh YRatk RICHERRYBL O sampies s the
that corr esmm’d of ghep Pégkseqaéi@:eanﬂhawot nasms‘tmwawy alsan beFfe@erathd A other

base sequen Ca Oferd 1RG4 B bnd Igl%i’ sE(gﬁmceGZ:L%S@Q Hﬁ&cﬁqu "E%I Océm%@%\ g}%ﬂy

sequence, se uence, generat e
?(t ended basﬂé ﬂi‘s@&ﬂié‘fﬁé@m@ﬁw%?# auovplie nrn%:n gener at ed by
e

pli C%O@Ognd GANGAHRA3LHNG f‘%‘:‘ cﬁla{?né@a 1&59\3%%{ gﬁ%g%‘ ganssmxt gutennas,

PCTI US 0776 13 copies of base sequen
pi | ot sequeritdich ginydieaisgd &or %’rwéawﬁr ﬁmcam rﬁcludam W aeh fhapbin FIGS. 34

different phages, Wm@fﬂo’iﬁ%ﬁw &@%@@Q@&L@@% ﬁ%ﬁﬁgﬁﬁbolﬁf(él a @Fﬁi & eme) is
in equation. (4) (block ot trapsm ssjion 0 %e

may be gendP Hgﬁ%‘?m’ééc ﬁ\& ﬁ)%i’ﬁ%dfs%ﬁ*ﬁ Epufier tgys aﬁﬁéﬁa.%ﬁ ewewt?weé on

prefix of | angtielidmaih hRsdbd@loncs ROUSERE fr&guéd&ﬁudomt@ Ba® {ALegk with L
$20). The cycl g%Pgreflx ipsertion is achjeve

t he | ast
sanpl es of tHESIFPBE YBYOENCE L fAC bﬁ%ﬁmtrﬂj’t‘m‘ié’s@@sé "I%é@“’fio "i“"l?hé?13 are
start of than@ﬂe@tto&ﬁquemam&wamg&a thrARSHtESkOBndRY -dl Serdsymbols are
generated in Otpﬁg ganners based on the pjl at enge, p}h@ (&he. N
pi | ot sequerB RGO HR® HFRRTEE FUATYRED y‘E-“a“P‘E’-ﬁ‘e oF PP REERPES B dhe |
vviht h?gEM anylt@y@ﬁm@e@ sqahbots aﬂ@@ﬁﬁhy’iﬂbo&ﬂﬁfd&&ﬁn sefrertorhan ;@en eéqa;taﬁa%g;viﬂ; N
t he pi | ot

any suhoar 11 GFPEET ArRPE PIHER RN 2 ARETERG o B0 AR tyiidin' 6 pict

transtission for the transmit antenna. The IFDM pilot for the T transmit antennas may
_ also be generaied in other manners.

( : {0057 in general, a pilot sequence or a pilot transmission may be generated by
determining the svmboils or samples for the pilot sequenceftransmission based on
appropriate equations, e.g., as described above, A pilot sequence or a pilot transmission
may also be pre-vomputed and stored in memory. In this case, the pitot sequence or
pilot transmission may be generated, whenever needed, by simply reading from the
memory. Thus, the term. “generate™ may fnclude any aetion (e.g., computation, memory
refrieval, et ) to obiain the pilot sequence or pilot transmission.

(0038} For the IFDM pilot, the T pilot transmissions from the T transmil antenoas are
digjoint in frequency and are thus orthogonal in a mulfipath channel. The PAPR is low
if a pilot sequence with constant envelope in the time domain is used. Furthermore, the
pilot eﬁetgy is uniformly distributed in frequency it 2 CAZAC sequence such as a Chu



and 3R, a tinme-domain base sequence with I. pilot synbols (e.g., a

Chu sequence) is initially generated. AnL-point discrete Fourier
transform (DPT) is then perfornmed on the tine-domain base sequence

to obtai n ¥FILHWEMWEy- domai n base sequence with |, traRET/ESIRTUCOT76
synbol s. For each transmit antenna, the L transforned synbols are
mapped to the L subcatriers assigned to that antenna, and N - L zero
synbols are .nmapped to the remaining subcarrlers. An N-point IDFT is
then performed on the N transformed synbols and zero synbols to
obtain a tinme-domain pilot. sequence wt tHNN sanples. A cyclic

prefix may be appended to this pilot sequence to obtain the pilot
transmi ssi onsgyQncene JseANSHch @Rt 8RRALy TRMnbIFRId Adise Qétin%tiJn%hﬁé"g.l'oIécling
transmt antennas may al so be generat'ed in other nmanners. C_. 100571
In. general , 8ddert F}{%uence or a pilot transmi ssion may be

generated by determ ning the synbols or sanples for the pil ot
sequence/ transm ski @D-HEBMIptier appropriate equations, e.g., as

descri bed above. A pilot sequence or a pilot transm ssion my al so

be pre-mosput ed ahd FEI-OD3d piio: meyrbe y%nt oot Hhest ﬁg@ﬁnit hendak loﬁtihc:,j sagze sgt of
sequence or o, Lransm ssiqn. gener at ed, whenever, ne A o) VA
si mply readi%%k‘#’g‘%nm&%hy C@%ﬁﬁb&g‘f Bﬁ%&’éﬂ%”‘gh@o{’z‘% ea%‘?f&?%éb “Hﬁ‘i/ﬁ“’d i the
i ncl ude any Gejuensy (emein, with apdiffatehpothoenEr sequencet ritevilb Clavcpijot ity be
obtain the pj , QL DI 5 1 $S1I . 1005, 41 For the

| . FDM pi | ot I,Oéétn%téﬁ@ pI : gtB g?eggﬂ!gér%k‘gé‘f‘}c’#@&%}rg&’mﬁw%%hﬁh(f’“"r ansmt antennas

re diBp@Eint i n hreguesgy afbe ss@ebdrus, (o) fibgetialN & nsad agal irhé-Pablin base
hannel . 1.110 PAPR i k&\{v if a piLlot sequence with. constant

envel ope i n EAETEFIE BeFRTTPM PRt TSI HERHSRAOT B0 NPk SReryy
is uniformy distributed in frequency if a CAZAC sequence such as a
Chu WO 2007/084988 PCTI W&2007/ 060776 14 sequence is used, which may
sinmplify channel ad@nsi s& estimati orfonhid®..pRovidi ng good Eq (5)
performance. 2. FD-CDM pilot 100-:0) An FD-CDM pilot. may be sent

fromt h@o%illlt rans neht) th%ﬁ&ﬁ? EB%TC}Q&# {r}% I%é%g%e%eé %Ie C{}I gg b%ﬁctt.elr iﬁg{n dtol rr)]btain a

However e pilot nSm Ssi on eachant ennd

the frequeng«eRnBl Tl idyudaddl & 8Bkt tHRBORA! THE GUERESndTDE: sequence
FD- CDVI pilot may be generated wth a basé sequence havi ng good
char act er i stmgsbe k86864312 fraqueney-deshigbasasddienceeBLI@N C dn anihey) dalen, the Chy
length Nis used as a tine-domain base sequence for the FD- CDVI
pil ot. This SEHEENSe Gubhics ssedairesflyps e Negpreper-dompiia deeiseguence. In yet another

design, a PN sequence PN(k) of lengih N is used as the frequency-domain base
sequence. Other sequences may also be used as the base sequence. In general, the
frequency-domain base sequence By (4} of length N may be equal to (a) the Chu
sequence so that B, (4) = (n) where 2= & | (b) the transformed Chu sequense 5o that
B ) =0 k), {©) the PN sequence so that B (k)= PN{&), or (d) some other
seguence.

{6062} The FD-CDM pilot for the T transmit antennas may be generated in various

manners. In one scheme, a frequency-domain pilot sequernice may be generated for each
transmit antenng as follows:

Bley =W, (k) By (k) , fork=0,..,N-1, Bq (6)

where W (k) is an orthogonal sequence for fransmit antenya /, and

Bk is a frequency-damain piiat sequence for transmit antenna i,



3.. ~~_N- (rz) for m=0,..., 1. kg (5 100611 An Nr-point |DPT nay
be perfornmed on the Chu sequence c~(r2) to obtain a transformed Chu
sequence (',.(k) with N synbols. The transfbrxned Chu sequence nmay

be used as¥® PPE¥dBEcy- domai n base sequence R ,#). | n aR6TNERHRSTHN,
the Chu sequence ca(n) is used directly as the frequency-domai n base
sequence. In yet another design, a PN sequence FN(k) of length 3 N

is used as the frequency-domai n base sequence. O her sequences nay

al so be used as the base sequence. In. general the frequency-domain
base sequence A (k) of length NT may be egual to (a) the Chu C
sequence so that BN(k) - (ii) where n = k , (b) the transforned Chu
sequenc@ussl t hat 1ifSimele), €aeibué bRAINNFCGRRNES: By bdadedoSHE @ %n Afidakion (6).
or (d) some other sequence. 100621 The ED-03M pilot for e T
transnit. anfenfnmayigeriesenatieduinges may dws Waldnsegrencel froma Hadamard
schene, a fr N i i | ; c _

Cransm ¢ ant oangy SnERH T hr‘?%%@?ﬂf"?‘ﬁ e BRpOBORL Bl S d have
Pg (6) wher &% jengd thatys equahie Griomsy nalt anddeamirseseo divisoanEhi tin one design,
antenna i, afi@ orthblonat SecRichde8 AHENSY A RIBwRI | Ot sequence for

transmt antenna i. WO 2007/084988 PCT/ US2007/060776 15 [00631 in
general, various orthogogal sequences nay be used for 01(k) in
equation (6). Foggyamsi®, the orthaogpnalosequences ;1ay be_Val sh B (7)
sequences froma :Hadamard ‘matrix, sequenced froma FourTer matrix,
etc. The orthogonal sequences may al so have any length that is equal

o or | B¥E8r t hant Toghesans! aspaienceyanai ke sganendddN babel ome edestivgn (7) for
he orthogonalgseqtences; | MTAT-Y U A Ne1 s - =

Forke O o R e o SfBRodEtadinced iy B fopgn, LIS ke biriodis dver 1
sequences najdtiugapemhceeybEswmbol. efimtsont (kye foathogimd sequendes-does not
These orthog y C&%n Re,%gl. y ,RelC I

and. thus re%gg% %Z‘\%gggﬁT syztr?r%gl%g ) téiréu{géequg%&f c‘en%%{1 %ﬁqﬁ'&g‘%&éﬁm 8&%3}311;'
sequencB¥86foes nothe frisgyasyalopmin pilotesederngt foramiR frorstthentenna may then be
frequency- dop@ieRddARRoi¥RL.Ch is desirable. 100651 The

frequency-domain pil ot sequence for each transmt antenna may then be

Biky=e ¥ . B&) , for k=0, N~1, Eq (8)

{0065] Equation {8} essentially modulates the frequency-domain base sequence with the
" orthogonal sequence, which is at a different frequency for each transmit antenna. Tt can
be shown that modulating the frequeney-dontain base sequence by ¢/ i5 equivalent

1o cyclically shifiing the cormresponding time-domain base sequence by L-7 samples.

-

. The time-domain pilot sequence for each transmit antenna may then be generated as
follows,

Bons b1y mod N}, for =@, Nt By (9)

where BH,{r) is g ime-domain base sequence of length N, and
B.{n) is a time~-domain pilot sequence for fransmit antenna i,

{0067} The time-domain base sequence A, (ﬁ} may be equal o {8) the Chu sequence so
that A, ()= e, (1), (b) the PN sequence so that 5.} = pr(n), or () some other
sequence. The cyclic shifting in equation {9) is achieved by tuking the last .-/ samples
of the Hime-domain base sequence and gppending these L samples {o the start of the

base sequence. Different numbers of samples are cyclically shifted for different



generated as follows: ¢ .'r 13r.(k) for k. =0, ..., N- 1, 1-!(k)=
i Eq (8) [00661 Equation (8) essentially nodul ates the
frequency-donei n base sequence with the orthogonal sequence, which
is at a di MRIEH8488equency for each transmit antenna. PETEEH07/BRE776
shown that nodul ating the frequency-donmai n base sequence by eJ "2""''r
I's equivalent to cyclically shifting the corresponding tinme-domain
base sequence by t-i sanples. The tine-domain pilot sequence for
each transmt antenna may then be generated as follows:

i, (fr)=&((n-..;1:.)nmdN), for,:=o...... B 1, Eq(9) where &, (1)
Is a tinme-donmai n base sequence of length ' NI., and j3,(n) is a

ti me-domai N Phd@lic SRHARHCH: ;ﬁaﬁ’ﬁcdiéxan%ﬁﬂ}% eﬁ%@?ﬁ@cally sz.ﬁ@@Ebr t]:élﬁnut antenna 0,
ti me-domain base ?equenc %e ua (a) the Ch

sequence so Lt PSS %’P.‘}Wﬁcﬂéb’{?}é%‘eﬁ%{ib We%‘hdeﬁﬁ 5§0°‘%ka&‘@ S VARS

(rr) = Z=rr (ggn mseé?éc\(c%):alﬁ%ﬁﬁ&iﬁfﬁranﬁﬁﬂbiﬁ&ﬁﬁ TI@e CyC| ic shifting in
equati on %9) |s achi eved ytalngthe ast L-i ng%rﬁﬂt of the

time- doW8FH base E¥quEntheviingxupie milchgearruse E“dl wgisgigng Har T =4

start of they,RaReiIaRue fGahe @ﬁ«ﬁ%@gﬁm“ ifot Qb RABDER SrRALBI anterma O is
cyclically shifted for different W 2007/ 084988 P?:T/ usS2007/ 060776 16

transnit ant &RhE the hassapguseae 4= (0 Tremplobieagproedprirpusant gutenmritip gaual to
for transm t anten Qéqugn%F !%c%%%@y %{1 $ycﬁ’ %!nﬁi@k' Vrﬁeh*,;fuh '-‘%rqueglce for wansmit

transmt antéenna
cyclically shitéaned? fsoequat ton s basamtamaa Fyclically shzﬁe@@ﬁllelsﬁlplﬁs s Abwpilot

-anpl e pil of E&&%@&%%ﬁ%ﬂﬁ{jfx%ﬁ Pqﬁ]ﬁsr oS 8A% J gﬁ?{';% éhcah&n%ﬁﬁhtbv 3L

t ennas fOI’ t ot sequenc rans
antenna O | ssana&@aITitedmlch@'&ﬁa@émg@&erem@evmsnut {«lﬁylmffl!h@emﬁﬁl‘@ﬂ by appeYie 2

for transnmt ﬁﬂ&%%tbﬁ!épx?o@é@:{ue&&foi g RansicafpACe oycl ically

shifted by L "sanples uence for transmt antenna 2 is

equal t ¥90¢%He base“%‘éq”l)é‘?fRi’és & pEQYCER ‘?nyf% BeReraiipgotpe DGR o, Phpluslity of

pi | ot sequeﬁgﬁ sfe@!méab%é BhdcrABE ?d}fh?piémh@ SAHAkmIQntdABa PBREE %ﬁ@m;emm of
cyclically shifted by 3 sarrplg he pi’l ot trans sion for

transmit ant&hise ngu@a%r%& ed b %éﬁweﬂ@e Buchc §E 19 'éﬁgrww? csie? el by a
pi | ot sequengghilertsfadirit HAAREHIRRYEMN A plurality of pilot transmissions are generated

based on the plurality of pilot sequences (block 720). The pilot transmissions may be
sent on the downlink, and npeighboring base stations may be assigned different
transmitter-specitic values, The pilot iransmissions may also be sent on the aplink, and

different terminals may be assigned different transmitter-specific values.
{8070} FIG. 8 shows & process 800 for genevating the FD-CDM pilot, Process 80O
C includes blocks $10 and 820 that correspond 1o blocks 71G and 720, respectively, in
) Fi1G. 7. A fime-domain base sequence of length W (e.g., a Chu sequence defined by 2
transpitier-specific value, a PN sequence, efc.) is inidally geaerai:éd {block 812). A
time-domain pifot sequence for each transmit antenna £ is then generated by cyclically
shifting the time-domain base sequence by L7 samples (block 814), The cyclic
shifting in the time domain achieves the Trequency-domain muliplication with the
orthogonal sequence shown in equation {7). A pilot transmission of length W+C may
be generated for each fransmnit antenna by appending a oychic prefix of length C fo the

time-~domain pilot sequence for that antenna (block 820},

{00714 In another scheme for generating the FD-CDM pilot for the T transmit antennas,
which may be used with any orthogonal sequences and for any subcarrier struchure, 2
time-domain base sequence of length N (e.g., a Cha sequence defined by a transmitter-

spectfic value) is initially generated and fransformed with an N-poiat DFT 1o oblain &



(0069f FIG 7 shows a process 700 for generating the FD-CDlv[ pilot,
A plurality of pilot sequences are generated for a plurality of
transmt antennas based on FD-CDM of a base sequence, e.g., a CAZAC
sequence sWM8EBLIEhu sequence defined by a transmitt BETHE8THG0ET6A
val ue (block 710). A plurality of pilottransm ssions are generated
based on the plurality of pilot sequences (block 720), The pil ot
transm ssions nay be sent on the don-Nmink, and nei ghboring base
stations may be assigned different transmtter-specific values. The
pilot transm ssions may al so be sent on the uplink, and different
termnals may be assigned different transmtter specific val ues.
(0070( FI G Heghaws dampmosss %eif& o$.0TE D QA Akhdttit LRRnRFD- 65 frd u@&cly%xam

Process 800 |ncI udes bl ocll< nd 82 that corres ond to bl ocks

710 and 720, Y¥ESHRECY &Y Jrultiplie FF‘Q‘;" ogonal Pl ’rg*‘b‘éé‘é thed gmEnBR 10

of length N ()lﬁalg an amﬁmmﬁmueﬂfi@n@eflﬂﬁd"@%uﬁ HMHDSzm Tl @‘Rﬁﬁﬂeﬁlﬁi the
val ue, aPNs Lally

9 g E) b enerﬁ;% bl ac i 12) N .

ti nme- domai n Bﬁ B’F 8 tié'H?:’ eft8r° E”é‘éﬁ Ree SHAERTE P "t“ " cyclic
gener at eld byzﬁﬂel mﬁﬁl 1bey apﬁtkmﬁaﬂl mgﬁt&euﬁemmned@rqﬁldﬁ qehaaﬁes&quﬁmﬁe thy pitot
LIi sanples ) S

achi eves t he reqﬁ'echn f;?rcih “n%?'r?%ﬁtﬁl’%ﬁl c ’tel éoﬂ?] Q%YIHD‘I{ lﬁg‘"‘ %ﬁh‘ﬁ‘b‘lﬁ’ﬁ’é‘i tintennas

sequence shouwmy ':isnheqmm:d&)wnﬁmmld ot transm ssion of |ength N+C

may be{c()’? erate %ﬂ?ﬁ@%{)&f?@rﬁ. Oma ) dﬁ{&at \QX%%Q%%dQe &ncﬁﬁ%erent values

prefix engt h quence
nt enna (bl ockA®29) be £80MEd 1o Wilforettiemsaotee watibos tgedecapilaigintdierence and

D-CD sl pil 85'%;5{ Bl b 0Svel SEHEL Rfﬁqmr@? Sﬁ%m e"ﬁ’h%n{ﬁa %/r:sg(?uer s%a%ons Bn the

any orthogonal "sequences an Sbcar i |er STruC
ti me-domai n @m&ﬂix&ediuﬁ@mﬁi@hideeng@lta abipmdgo neahbivingslegd ertondaf B TS0 one

by a transm fic value) Jls.i 't' | | ener and .
t r ansf or med {qe{%xp B&aﬁ‘t S % i:%%t %‘ﬁ § %?é*fgﬁﬁﬁ“g%ﬁgm’ generate U pilot
PCT/ US2007/ Of&h&#ssické f&f wuame;m@eoﬁah RhdRSRnEC AWM e o QK dBRERed shove. A
transmt antenna,. the freq ‘}é‘? donai n basegmc[]encels mjltlgylg%
with an ort WSGBHA] m%ba‘ﬁré’r’r SREsGs o poiipiobsg stagonygdmpy rable to
I nt er medi at ed@@ﬂlt@ﬂﬁ;ﬁsméﬁxsm'tﬁ@ nilbt hQ&meo;{SMa RAEH BEALEQG HERE on the A
I nternedi ate sequence to obtain a_tinme-domain pilot, sequence of

length N A Y&es pewigngd &9 that hase seiapreREtd q‘bfhteﬁ@htﬂ»n@ﬁ&mﬂnvﬁbmsd@ay be

sequence to Qlfoakd td Hﬁfe@éﬂt @émnﬁdiﬁﬂ}%ﬂ}rﬁt | Dl otne séch %ﬁ%ﬂr&n&%ﬂ&s‘%}ﬁ% the
The FD-CDM pil ot for the transmt antennas may al so be generated

i n ot her manff&rRbasg ér@frmmlﬂ%’FS e vihee Brewl tamingDEechiesmind saicepprate V
the Chu Sequﬁ%%ﬂ&f?ﬁs&fa% et 1t¥6\'L' USBnnas with the assigned 1 vslue, eg., as described

above. The base station may receive piiot transmissions from multiple terminals and

( ; may be able 1o detect and distinguish the pilot transmissions from each terminal based
on the A value assigned to that terminal.

{0673] i is desirable for the pilot sequences from different transmitter stations (eg.,
different base stations on the downlink or different terminals on the uplink} to have as
low eross-correlation as possible.  Pllot sequences of length 1 for the TFDM pilot or
length N for the FD-CDM pilot may be generated with different 4 values. The cross-
correlation between these pilot sequences may be determined for different time shifts,
A set of A values with small oross-correlation between. their pilot sequences may be
selected for nse.

(6074 Different 2 vglues may siso be used to support spatial division nmltiplexing
{(5DM) on the uplink. For example, multiple terminals transmitting simultaneously to &

given base station may be assigned different 4 values. Each terminal may generate its



of A may be assigned to different transmtter stations to reduce
pilot interference and assist the receiver stations acquire pilots
fromthe different transmtter stations. On the downlink, different
A. val ues NeO200%084888i gned t o nei ghboring base stations @®CTEEI®7/06@MNE
A val ue for each base station or BTS. Each base station. or BTS may
generate U pilot transmssions for its U antennas with the assigned
A value, e.g., as described above. A termnal nay receive pil ot
transm ssions fromnultiple base stations and may be able to detect
and di stinguish the pilot transm ssions Hron1each base station based
on the A value assigned to that. base station or STS. On the uplink,
different A uabuesoiiole badd Sha bRl (AL RichBOLOAE dlakeiinals
si mul t aneously sent p ot transmssions to t ase station
STS, one A vahwsittiop smclicneensdy mathe Eae lstation magdie smigned Her ane anlue but
pllot trans t

o as dostrraf o ot SR GBI e, M5FIBIE A K s pitr
transmi ssi onsafsrassons| kgl en tier airabs AantheCindeiys sigabd erthogaiet sgpicang or
di stingui sh £Q§ Bb&%t transm ssions fromeach. term nal based on the
A val ue a55|d ed t6 that terminal. 100731 It is desirable for the
pil ot sequences from different transn1tter stations (e.g, different
base stations on #hd&ilthand Bhim iy poyg nal s on the uplink)
to have as | ow cross- correlatlon as possible. Pilot sequences of
| engt h 18678 t he TRErabi thedrapsmitiep sgtion Nay gebipyr opim 15 Hebreaqpanlop and

gener ated W ghy dishhafant Fﬁi\)! aéuy efor "ﬁm QE@@ﬁﬁsnﬁR&fﬁ&@n‘ Al Q&Wﬁﬁﬁ D in some
hese pil ot sequences ma%efl é'aeterm ned f ferent tine shif A

set of A valigedngreis Bsia %Wrt@%ﬂt@fﬁai&etﬁfaéé?m W@.Wﬂnbw@t station

sequences NBjaP Gend@id Ohedmb QUb PRy RO Ll d|a§af cful%tﬁ&t subcagbtse S.I‘}ﬁ&éénsm;tter
L vi_si on i.plexin

al so be used to suppor at i al S
upl i nk, For ¥XURfpivey “ﬁ’ut’}FY‘fp B’I”é"@{"@ﬁmf gt Eeep. %E?ﬁ%‘fﬁ"ﬁ’@‘%‘i‘ wghgﬁé frgnsmit
to a given hasfast:aing0tnyTdy 1he natisplenss sthddar éntrided abaies. Thacnsmitter
term nal may gtgnerate i CT1 US2007, 0607

N4
L r oo st onGCEaY St PIOCTEEN o oA SRS RETL At U ot Athertt and
mul t Lpl e ternapabil dots &n&ghé E’Iaﬁlgmﬁasrﬁﬁﬁﬁl&@uﬁ wuliplidsie; Ms]ae,stxagm@m the
may be assi sane A vV ere c
o cyel fo shit pu R BRAT st e e A B FORIRE B el e
based on thesahommon A value and. its assigned orthogonal sequences or
cyclic ﬁ)@ﬂ;;t s. 3. Ff)(l}.l Qf s ngs %atpgoc'\éga! t.dﬁel ! rgvd%(:h qE§ and data with different

multiplexing schemes. A plurality of pilot transmissions for a pluratity of transmit

arfennas are generated based on a first multiplexing scheme (block 912). A plurality of
data transmissions for the plurality of transmil anlennas are generated based on a second
(—" mulliplexing scheme that is different from the first multiplexing scheme {block 914).
The plurality of pilot transmissions may be sent in a first time interval, and the plurality
of data transmissions may be sent in a second time interval with TDM (block 916). The
pluratity of pilot fransmissions may also be sent on a first set of subcarriers, and the
plurality of data transmissions may be sent on a second set of subcarriers with ¥DM,
{8877} The first multiplexing scheme may be OFDM, and the gecond multiplexing
scheme may be SCEDM {eg. IFDM or LFDM), TD-CDM, SDM, ete. The first
nultiplexing scheme may be SC-FDM {e.g., IFDM), and the second multplexing
scheme may be OFDM, TD-CDM, SDM, eto. The finst multiplexing scheme may be
FD-CDM, and the second multiplexing scheme may be OFDM, SC.-FDM, TD-CDM,
SDM, ete. The first and second multiplexing schemes may also be other combinations
of multiplexing schemes,



(00751 In general, the transmtter station may achi eve orthogonality
between pilot and data using TDM FDM etc. For TOM the transmtter
station may send pilot in sone tinme intervals and send data in other
time inter WA X0TAMPEBEDM the transnmitter station nmay s@/8/USRI0G060ET6
some subcarriers and send data on other subearriers, The transmtter
station may achi eve orthogonality between the pilot. transm ssions
fromthe T transmt antennas using any of the nultipl exing schenes
descri bed above. The transmitter station may send pilot fromT
transmt antennas using a first nultiplexgyng scheme and may send
data fromthe |I' antennas using a second nultiplexing schenme. In

general jootziye  firshe muéttmat@w\cng; ﬁ:ﬁaﬁﬂmm ﬁeectdaeto&&meaﬁzc@ rmerhead while
different from,the sec n%tlpl,ex sche 100%&}{ M'g shows %
br ocese 900 FOTCRBs SRR ERT Ehd Bre pfbntof BT aIaRes G MIMG EPpP oG The
schenes. A pkarbhad lmgmptfexmt,l Qheti}& angNbs S¢iensd ft@rzmlﬁe?ﬂ g&@d Ip&:y‘mﬁfame for data
transm t an ennas .are ted based .on a;fl rstx@?“”tl élf%%n?che |
(block 912) FRNBITHE TR AT L LA gl of {prgirls.
transmt ant hifasnameliptaengtsekkunasd ;ﬁ)lm am&&ﬁmn@bayrrblé trb@llﬂgxm&gmted nsing
schene t hat ) nt fromthe.fi R exi ng, schene. (bl ock .
o1y The prarires OB piostRsinkeet sh&ine Dty ® Rt PRy o Gfscrived

tinme intervabt;loa’nd t he pI urality of data transm ssi ons nay be sent
in a second tine interval with TDM (bl ock 916). The plurality of

pilot transm ssiops %ﬁ%@g@&%tﬂﬂaﬁﬁﬂt on a first set of subcarriers,
d t he pIuraI|ty sions may be sent on a second set
f. subcgjpghéers W {fe %@Mve;&@tzc?&'—ml@?ecE!vE?éo%ﬁ&H@&s%a%ﬁ %etﬂﬁlsﬁmél Q&tmn
OFDM and the second pmul ti pl exi ng sche g.
L

or LFDM), TD3EDMwY xzsﬁrwme@taﬂﬂ#r% pliay in pyjaup gwwrtgb@éﬁémmmwb@d pilot
SC- FDM (€. g. jradsmiédns, Qﬁﬁnﬁél%%ﬁ&ﬁ%t@bé F&lf&%le@gn dﬁ?éi‘&mn%}ém%; different

OFDM TL) - first rmtlpexmg schenme nma
FI D-CDM andP* %%ﬁﬁ nMCPF‘ﬁF’EM et P rh %‘é‘%ﬂﬁﬂﬂ" ‘é@ Reslpiques are
TD-CDM  SDMiesefiked Hdi@wf i rst and second mul tipl exi ng schemes may al so

be ot he nmbi nat ons | tjplexing schenes. WO 2007/ 084988
PCT/ US288990607 76! "rlé“t( o@”r’%mj‘.l Hg f’n"Fs?“"f’fﬁ?‘t iSPHOR| MGV s CRBfHe Fretpogied pitot
sel ected to tratussigisl @b thy ® heatieWitdnfas asdingwi ﬂ%@a@'@&ﬁe ehatnglefiand each

noi se estimati an per.formance, f or ransn.ssi on

mul ti pl exi ng °§‘é’h%‘g§“‘h‘a’V"’B€“*§‘a”e‘8t’\‘%ﬁ"’t ’g“éé%?‘%@” d%ﬁ’*’ﬁer g‘éf“r?ﬁﬁé” gf‘%‘fn may
data transnitesitenstenmane N titerdmbais kueples faf exah yeaglLadtedni wab 20N-point
among di ffer B%tr tE) %%Qirpg} Feceived symbols for the N subcartiers used for the IFDM pilot. The

received symbols from each receive antenna may be expressed as

- T
C. R (&)=Y By H (&) +N,(7), for k=0, N~1, Bq (10)

F=n

where F{&) s a transmitied symbol from transoit antenna 7 on subcarrier &,
H, (%) is a complex chammel gain from transmit antenna 7 1o receive antenna f

ofl subcartier %,

R;{k) is areceived symbol from receive antenna f on subcarrier & and
N (k) is noise for receive antenna j on subcartier £
P&y is a frequency-domain pilot sequence that may be obiained by performing an N-

point DFT on the Hme-domain pilot sequence pp) for transmit antenna



Different multiplexing schemes for pilot and data may be readily
supported using frequency-domain processing for channel estimation
and data detection, as described below 4. Channel Estimation C

[ 90791 TheWQR¥ETAR4P8Sst ati on may receive pil ot transm ssiPEHAISPHP0TT6e
transmtter station and may perform channel estimation in various
manners based 011 the received pilot transm ssions, Channel

estimation may be perfornmed in different manners for different pil ot
mul ti pl exi ng schenmes. Several exanple channel estimation techniques

are described bel ow. [00801 For the | FDMgilot, the receiver station
may obtain R received pilot transmssions via the B. receive

ant ennastsed nmay Parhvenihegeyehi(o)piefbotivied sfasM & r(&?@’r&f@ﬂ.a@iv{,%&nna jis
transm ssion to obtain N time-donain sanples. The recei ver station

may then tr amfamedwofﬁw shint pihibe dommismittdsphbsls{ B JemeiBhied O9ithechanne! gains
antenna with an 1e glm nt, DFT to, obtain N _received synbols for the

N subcarrierg? fug@d gieen Hig T pspgmit apieppss, anfece yepuipwiag. s'l]lmbm@vﬁir gmbol

C ket o AW EBSaRN B SRS, B8, et Bl <o v ihenma
transmtted &yaihed ROMMANSHRLr LR dboffeR by AL 6 sinsdfued symbols

J(lc) is a co&pl ex channel gain fromtransmt antenna’i to rece
ant enna. , j L2 ﬁ%’éh?fﬁﬁéﬁf tensR 7 c%?ﬁki)on-:@rtafw em@llveubcs;trdm)&bsigmdno antbzmd i

receive enna | bcat Noi or receive

ant ennai(jﬁg%ln subcla“r Sign b‘(ek“)hdf’%“zgmﬁ éﬁ"ﬁ%ﬁ%‘?"ﬁ&’n‘ﬁ‘r‘ oth qu%&h%h%qm
hat may be sbitilbwed by perform ng an N point OFT on the tinme-donmain
ilot sequence p,(n) for transmt antenna i. WO 2007/084988

PCTI US2007/ 060776 _ 20 1008111{,%@ thj/vn in equation (10), the received
symbol R, (k) fromiedeilve) W’ L's conposehr gfs= @heisuzm of the fq(11)
transmtted synbols P, ('k) (Ent ad by the channel gains 8,j (k)

between the T transmit antennas and receive antenna./. The recel ved

Symbol - R (ke fruck et 180k BEAPYiRAUATNL KA 1Rl iRl T aMeceive

pilot, each transnit antenna [ ere

N subcarri er gnted@NCRYr shbGarfiE@RS T Qﬂmﬁ‘y 800 Sstinfle (a?)ﬁ f EQ%LE;a”%EHcIe each

antenna i are non-zero for only L Subcarriers assigned“to ant’énna
transmit antenna is assigned a different sst of L subcarriers, equanon {11} denves the

channel gain estivantes for each tmnsmit antenna ¥ by dividing the received syimbols

from the L subcarriers assigned to antenna 7 by the transmitted symbaols from anlenna 7.
[a83; In another design, the channel gains are estimated based on minimum mean-
square error (MMSE) technique, as follows:

Ry (kT4 P (kT +i)

) B (k- T+i)= -
C i ) [Pl T+ P +oi(h-Ted)

for k=0, L1, Bq{12)

where oy (kT + 1) is the variance of the noise N J{k-T+7y for subcarrier &-T+7.
For the Chu sequence, | K- T+ =1 and the denominator in equation {12) may be
replaced with 1+ oftk - T+7).

[B084} A channel gain estimate may be derived based on equation {11 or (12} or some
other equation for each subcarrier £ of sach pair of fransmit antenna 7 and receive
antenna j. T R sets of channel gain estimates may be obtained for all T iransmit
antennas and R receive antennas, one set Tor each transmit-receive antenna pajr, with
each sef including L channel gain estimates for L subcarriers. Each set of channel gain



100821 In one design, the channel gains are estinated based on
| east-squares technique, as follows: ij(k.1 +i) N ,r(kT+i)= .{k
fork =q,..., L-1, Eq (11) ff where ., f(k T a-i) is a channel. gain.
esti mat e bMOIBHIHINSNM t antenna i and receive ant enn&CTAS2007/060776
subearrier kT+i, which is an estimate of H,, (kT+i). Since each
transmt antenna is assigned a different set of L subcarriers,
equation (11) derives the channel gain estimtes for each transmt
antenna i by dividing the received synbols fromthe 1, subcarriers
assigned to antenna i by the transmtted.,gynbols fromantenna i.
100831 In anot her design, the channel gains are estimted based on
m n It Enli _?1+{T?anesﬁ$amrxﬁayebé &&ixs(féﬂi@)w&iﬁﬁr?ﬂlﬂtk& IDPY zﬁ%km co(msfondm\%ﬁhamel
..... O, ..... re
oi.k:. |3ml?‘§5“t‘“ﬁ‘§’°§7%ﬁ‘r$§ﬁ’@é‘* W‘Pﬁ@i’n%‘i %’@OR‘F’( k T +| ) for subear rier
k-T i-i . For the Chu sequence, | f (k-T -r) j 2=I and the

denom nator in equu)qnz ng,y);be replaced with 1 + cr.(k T -+ 8q (13)
i). 10841 A channel gain es ffat'e may be derived based on equation

(11) or (12) or sone other equatlon for each subcarnier it of each
pai r of transhtt mmf‘e rnaa thxamnd i Er@ﬁBh\tes.pu&m ity betleeRira8Qkis adfenna 7 and
channel gain estimates may be obtained for all T transmt antennas
and |t. recefyevaarientins, Thnehanael %‘Tmui@a@spm&an%hftim rew ailsebanbtamnd from

pair, with gach.sel ghﬁ%&ﬁﬁidﬁ@ t.lanﬁ.ﬂ%ﬁk‘i%k uag g@éu%t? M5B or some other

subearrlers Each set of channel gain 10849
PCT/ US2007/ O6ghmtere inpwadpihipates may be transforrred with an L-point

(OFT topektain a VAIGRIPAALITIBC/8BAEy, o P @@mﬁﬁ&pq&%&&&g@ﬁ Gelection,
vvltthaps as fol {F.)~ JDET~"; ~{k)} where is

a channel i nfr S28% %ﬁﬁ%ﬁ@é‘“%%t"ln Lb@’t&m;\mﬁ a’ﬁs‘%’:‘? 05‘?:? riEPRdsg fgsponse

recei ve ant e@fithaje. FtenbanRe the ABUOSRRS RORSR &&E:&d&%ﬁ AR Yenddi®igy 18- Q
obt ai ned from the channel gal n estimates usi n% east - squar es, M\/%/B

robust VI NSEChagse! dapreaist 3rered ptc Miiersu® tApWe electedebased onche expeggidelay
Vari ous typeg &kt dIosd sieREESHInAY, w%@@midmgccﬁsmpmpg %ﬁﬁr‘%’éﬁhﬁg below &

tap selection, . etc., may be perforned on channel . taps of each
channel i npu‘ll’% hoid s"’b’é') feed out, whera the threﬂ.}:oid may be a fixed value or a particular
percentage of the lotal energy of all L channel maps. For tap selection, B best chammel
taps are retained and all other channel taps are zeroed out, whete B may be a fixed value
or a configurable value determined based on SNR, etc.
{0086 After completing the post-processing, the L-tap channel impulse response
estimate for each transmit-receive antenna pair may be padded with N L zeros. An
B Nepoint DFT may then be pesformed on the zero-padded channed impulse response
( - estimate 1o obtain N channel gain estimates for the N subcarriers of the transmit-receive
antenng pair, The channel gain estimates may be used for MIMG detection of received
data symbols and/or other purposes
{0087} For the FD-CDM pilot, the received symbals from each receive antenna may be

expressed as.

~ 'i‘“.‘! .t
Rey=XBtky-H &) +N &), for k=0,.., N~1, B (14)

i

where & (&) is areceived symbol from receive antenna / on subcairier &

{0088} In one design, the channel gains are estimated based on the least-squares

technique, as follows:



estimate. For truncation, the brit Q channel taps are retained and
the remaining L -Q channel taps are zeroed out, where Q may be

sel ected based on the expected delay spread of the wirel ess channel.
For threshdYQ2MY%8448annel taps with magnitude bel ow a PRTASHYI/A60ZT6e
zeroed out, where the threshold may be a fixed value or a particul ar
percentage of the total energy of all L channel taps. For tap

sel ection, B best channel taps are retained and all other channel
taps are zeroed out, where B may be a fixed value or a configurable
val ue determ ned based on SNR, etc. [0086% After conpleting the

post - processing, the L-tap channel inpulse response estimate for
each transmt-recei ve an}g air may be padded with N --1, zeros.
Art N-point DFT ng rf(@r"T@drgéfn}‘?tNe(kjero ﬁ’@d&endOchahﬁél Eq (15)
i mpul se response estl ma fé o obtain N channel gain estimates for the
"N subearriers of the transmt-receive antenna pair. The channel

gain estimtes may be usedi etection of.received data
symbol s andi or ot her urpo g{fgﬂdg?&( ‘®or the FD- CANT pilot, the

recei ved synbbei$ i, 7 ernd may be expr essed as: | Eq{l6)
{k.)=.F(k)FI,j(k) +fV(k) f or'k**/0, , N1, Eq(14) ;enu where is(k)
is a received sy fromreceive antenna j on subcarrier A 100881

In one design, th J&’f}’a'nﬁe(]‘)ééﬁ%’baﬁf@e%ﬁlnﬁmed based. on the
| east-s res technique, as follows: WO 2007/084988
pCTI Us288%1060776 # a2l Ap 13 *ﬁ‘ilﬁasaf%@fqm obperyef)byrtie ﬁh*ﬂ’(hk?) g4 pgtﬁ@zates H, (k) for

f.or k=0, f="1t

Es} r: (k) ﬁqé’(“%‘ ﬁ’ ?‘%’ *“"( ) ?me‘&”é’&’é%%% f‘g%’? e ‘“Pﬁ)*oggiE @?lfl%f?ﬁ ﬁ?’ﬁ&?ﬂas
i s the interFarth ﬂ@éhq;we} wegde:typ shinen Ghenadbn (B thedsikeiamRbas b, eapk Fransmit
for C*tra r}ﬂaq,p{oet%gn a‘i’:‘rb% 59:1?91 lbgteoé]r ansm . ssions fromthe other

T--1 transmt antennas. & or 5%1uence shown in
equation (7), the._lnterference from each transmt antenna in to

transmit antenna L,y heUexpr&8ked as: ... ... .. .
: I}’( k}e P B2y, form=b,.,T-1, m=i. Bq(7)
{BOYRG] An N-point IDFT of equation {17) may be expressed as:
o E~{m~H-L)=1DFT{ & * . 5 ? Eq(8)
o
[0091] Equations (17) and (18) indicate that the interference from transmit antenng m to

transmit antenna / is the channel impulse response 4

o (8) for transmit antenna m

shifted by (m—£}-1 taps. The amount of shift in 4, {€) is equal to the difference in

the cyelic shifts for transwit antenmas m and /. L should thus be greater than the
expected delay spread of the wireless channel. An N-point IDFT of equation (15) may
then be expressed as:

A g (£) = B ()4 By, (£ + 0(EY Eq(19)
. 1=
where Jr (= 3k, Af~(m~D)L) . ¥q (20)
st s §
{0092 Equations (19) and (20} indicate that the channel impulse response estimsie

(£} between fransmit antenna 7 and recelve anlenna J includes the desired channel



Z,n (k) Hk) a'11*, Or. H,,, j(k) , for nz - 0,.,.,'r -1, ini . E
g (17) 11 (k) (00901 An N -point IDFT of equation (17) may be

expressed as: 2fi(ne-i}i' ~fr Cizz-i :[ ....3D:["i e fl (k Eg
[ 00911 EquaXO 204%084388) and. (18) indicate that the interPeraszwrHeoom
transmt antenna in to transmt antenna i is the channel. inpulse

response kcj(e) for transmt antenna in shifted by (m-i)L taps. The
anmount of shift .in is equal to the diference in the cyclic shifts

for transmt antennas in and i. 1., should thus be greater than the
expected del ay spread of the wireless chagnel. An N point LOFT of
equation (15) may then be expressed as: “7.i(i )-7z,.i( )+(E)+rz(e.)

Eq(i9) wherg, ﬂﬁi%‘freﬁﬁHb ) e{tf)f ﬁlﬁs 1) bh:ﬁgﬁl ll(:a%%).,! in Sp%&%%&pﬁﬂ%%%ﬂﬂé other

(19) and (20) cate th e channel se response est|

41(f) betweenr i1 anmsmit agtok:RBNThe raRcval eﬁme\&h@rﬁiaaﬁa;wandee Gt e@a&oﬁ ® may
desired chan eI WO 2 07/8849ﬁ8 PCTI, US20Q7/ 06Q7./6

s T eGSR A ARG e fTPER e BB nE Gt R oy abor et

transmt ant eieeis 4, e forandydll :0fendg agd BigarPink Phe SEQUERE 5 LNchannet taps,
equation (6) may thus be perfornmed in the tinme donmain by retaining
the first L wh@hweﬁiaﬂ‘a‘fﬂﬁ;,( Snforche othenT ail irdnemittenEniam it ant enna z,

and di scardl ng t {imai nin L .chanpel taps, which Contain

N .
h, .., (33 or t he’F’a“ﬁ'“g‘E‘fe"‘t Fabrdgne wahtébﬁﬁw@ms hayige & fig frequency
| east - squar ey eE@@tﬂ nzkrﬂﬂ&p:%bttliﬂ}ﬁ SR 18 GAUGRER dAUL NOrReivhd @)Lmbctlgs mnﬁy?‘i

spectrum an N—p0| nt T may be perfornmed on the N recelived

AR, (k) for dNbesuboanftbersmovaid ee fasD vl g ﬁmf@%mecmi sédienee, o obmin N
0 ohta For

f d
béigssgéﬂﬁnc%’vﬁ% PG oth 533 Slhehee vigROE PUfir SopRoy GatRie s BN
recei ved syndaglisnceRI&K ) ecbBYd banmwl tﬁ%@&h%ﬂ&ﬂ@?@@é’ﬂ%&ﬁ# tm&a&a base
W (0]

sequence BN. (kc) and then transforrre an N-poi nt

obt ai n' N chasqetnceapgdA) dBdthérhiparsfdrined ekl ansidqpotn dBETHowb tai nNedhaatdl daps.
(7), the firgt L channel taps may be , provided as the channel inpulse
response estiFebe ogospRad sequsnct shintuhit equstion A3 dbe figg L ghagnel taps may be

channel 't aptﬁrx%@ﬁée@%q REOMIARY :ﬁ&m?s ‘?esg:gﬁéyl&im 3[901‘?' ef(? rf?xsﬁ%ﬁﬁ't ﬁﬁ%ﬂn{g% e

h,je) for ansmt antenna 1, anne aps
may be providedy aGi.hif taps may be provided as the chamel ipulse response estimate s

for transmit antenna 1, and so on, and the last 1. chamnel taps may be provided as the
chanuel impulse response estimate ﬁw‘ ALY for transmit antetina T~ 1.

10094} In another desipn, the channel gains are estimated based on the MMSE

technigue, as follows:

R (- B

i = et (Y

for k=0, N1, Bq {21

16095} An Ne-point IDFT may be performed on the ™ channel gain estimates from
eguation (21) to obtain N channel taps for T channel impulse response estimates for the
T transmit antennas, as described above,

{0096} In general, N received symbols ﬁj(k) from N subcariers for each receive
anfenna j may be processed with the frequency-domain base sequence B, (k) based on
the least-squares technique, the MMSE techaique, or some other technigue to obtain W
initial channel gain estimaies }?, L&)y, The N inilial chanunel gain estimates may be

nulttiplied i the froquency dowmain with the orfhogonal sequence Wi(k) for eack



channel inpul se response estimate h , , r() for transmt antenna.

T-1. (00941 In another design, the channel gains are estimted based
on the YIh3SE technique, as follows: Ct{r(k3, ~afk) ri,.rCk) .~ - f
or N...1WQEH0[/8#988 | | Ek) | +a;, (k 100951 An N- poi n®PCTUS007/EEp716e
performed on the 'N channel gain estimates from equation (21) to
obtain N channel taps for '"t' channel inpul se response estimtes for
the T transmt antennas, as described above. 1:00961 In general, N
recei ved synbols P; (k) fromN stibcani.ers for each receive antennaj
may be processed with the frequency-domaisy base sequence B3, (k) based
on the | east-squares technique, the ML4SE techni que, or sone ot her
techni que totrabidt aublna iondtithialL, ehangelsigaitingsd forahasudRBiMNddish] alhe L.
channel gain_gsti.nat es;,ra%ap? mul ttl’lngl l.ed in the {requency donmain X
with the ort RSGOH= S SYHBHRE ‘\7\{“?‘% L ARAARRERIY §9 fgalgrged with an L-point
PCTI US2007/ Ofi7 @ oRéid bansSeapt Al ; el i ;
estimates for that transm tmgn%%ﬂﬁg.qn%ﬁteseE%%ﬁﬁaénﬁ%vﬁggﬁﬂé%?? ngltmégmmm
for each tramgein. ahltenaivelm\thdsentavansy he methe Wiibhsaebedd @il be pdFdmhed in

to obtain angl.- nel. § | se,response estimate h;.r(.(r) for .
that transm A{h% %’%‘?S’%’%ﬁ}’ ﬂ% t‘*g?‘%‘iﬂeﬁ\fgwﬁ- ?!hgn,\g gﬁﬁﬁ“ﬁ“f?’r‘@’g‘%t(ﬁ@r HPFgen:
sequences nayrdshoidmef tprsstection, dehepidding, doaiay bapadaned delle dbry @hannel
I n any case, RS i " b | t hr eshol di ta
sel ection, zerc %a_ %ﬁﬁ’gﬁ%‘?@%"{ﬁﬁgﬁ“ heéilij‘l;)l’(e\sr go‘%grr%n ao% ‘?‘% L §|%th% ﬁg‘%ﬁ’éﬁdded
i npul se r espdsac dguirgtresgorse eslrheit.r elichintayaiiee treatrarsfobiedi willaan N-point
tap zero- paggad AN 9in &S 5 | e Sl
e transformed w t(f’] an N 638;[ ﬁ?ﬁﬂc&%géf%t%gigg%’%?ﬁ{ W%qﬁ%ib%?r}ne ai'ta%}%&m“
estimat es foti¢me N peaersing eugfbe peaformedis niffereantranners dehending on the

processi ng "BymRRcRELHAE B !s&iulgfé e]E E%&g;aézﬁ?ﬁé] 8@0%%&?9%{}.{9&&9 @Zh@:%sed for

frequency-domal n base sequence e orthogon seque
W, (k) used theFD-TH8 HiliClMapidl @ktimGiiannsl alastd pafdrord iythal GOnddes.

erfor in oth | rs. ,[ 00971 .Th ackgr.ound . noi.se and .
Pnt er f entrﬁog%’}ée f or efé%’c g%%ﬁuggflhcéﬁ'e %‘ymgcégé?f? Rt &3P0 FpEaEieh vk estimated
recei ved synimstdomtie eidvehgmieis gal the clesbblngitesstinkass. the thHMOMIipiiet, the
the noise a]{Bi]‘ze' a&h?ﬁr@q’éﬁﬂ&eﬁ%ﬁcﬁw%}ﬁ&rﬂgﬁpﬁ% £d E5aIIBY, asb!%ﬂ.ga%:l . mat ed

as foll ows:

ol (k)= éfzﬁc}—-jzé PO, (W Eq (22)

where of (£)the estimated variance of the noise and interference for receive antenna j

) on spbearrier & The noise and interference may be estimated in similar manoer for the
(_, FD-CDM pilot, albeit with R, (k) replaced with ﬁ,{k‘_) and F{k) replaced with i—f.(k).
The noise and interference estimate o5 k) may be averaged across R receive antennas

to abtain a noise and interference estimate oS (k) for each subcarrier &, which may be

uped for MIMO detection and/or other purposes. The noise and interference estimate

oy (k) may also be averaged over all subcarriers and across fime o obtain a long-term

noise and interference estimate, which may be used to estimate operating conditions

and/or for other purposes.

A MIMO Detection

{0098] The receiver statioh may tecover data symbols sent by the transmitter station

based on various MIMO detection techniques such as an MMBSE techniqus, a zero-



~+Y,.f "K)-\jik)-~ ~1()A9.fl~.)~. E q(22) where o0.2.1(k)the
estimated variance of the noise and int erfer ence for receive
antenna,/ on subcarri.er k. The noise and 'interference may be
estimat ed MO XM nanner for the C.. |-DCDivt pil oPCTASHE7P6OFISt h
tt,(k) replaced with K ,<k) and I' (k) replaced with .17 (k) . The

noi se and interference estimte nmay be averaged across R receive
antennas to obtain. a noise and interference estimate O r (k) for
each. subcarrier k, which may be used for M MO detection and/or

ot her purposes. The noise and interferengg estimate a (k) may al so
be averaged over all subcarriers and across tinme to obtain a

| ong-term nﬁt@@g anyg reddnRyue 4 ﬁtﬁﬁﬁa&a@&itior&'hﬁ);rnt@thmhhﬁ;u&%aéﬁfreqwenﬁy

estimate oper n I on d/or. f ot he 0se .6
Dot ect | on_ | OUBBLERE Tgeiagesio-s EBE PG iR R bl Helt edy rpbive sbispyas for
by the transeichtelfcagicatiingdy bdmxpestsainsyari ous MM O detection

techni ques such as an MVBB techni que, a zero WD 2007/ 084988

PCTI US2007/ 060776 25 forcing ((9) %echnique, a nmaximal ratio

conmbi ning (MRCC) t@&)hriGkyex(ka+skice ST hekuents) +atal i zation Eq {23)
techni que, etc. The received data syfbols fromthe R receive antennas
for each subcarrierk may be expressed as: 7-r r(k)=t~:(k) x(k'}

tn(k.)=h. (k) ¥hék) r@) I{M |R>)t wodtl{ ASbcei Gt dymbBRMRM ek rdcSivaAniBnXas]

vector of received synbols fromthe R receive antennas, &(k)

=[5, 1" ) o Xl = INGKEY - RS ,éfc)fx lis webkbrveothr of a'ﬁsmztittaédwaydbabls from
nt from the T trans tf ant ennas, e "‘;”’dfeﬂ otes a transpose F
k') [ ro(k) ... Il'.n™¢ Iéf‘[nﬁm?tsz‘“ﬁ??mwhﬁ%ct g'es R AR gai ns for

transmt ant ennahl(fc)itj({k()(&f [Lﬂﬁlg Qk)j’ is #h RzJ (whdthr bﬁnﬁfﬁn@‘g&fnd\/foﬁﬂtﬁnsmxt
channel response matTi X, an R x | vector of nolse.

[ 0099] The transmttechutmb,ol S X (k) may be data synbol s sent, in

the f d th

e 1 eauency ORI, BB B SRR Sha SR S,
be estimated basegdignsthe Qg%&\‘g@g“m,gﬂot transm ssions, as described
above.

Hu The transmitted symbols X, () may be data symbols sent in the frequency
domain with OFDM or the DFT of data symbols sent in the time domain with SC-FDM.
The channe! gains in b, () and H(k) may be estimated based on the received pilot
transmissions, as described above,

[001060) Bgualizer coefficients may be derived based on the MMBSE, ZF, and MRC
techniques, as follows:

Hikye 5.4) w s -G Eq (24
M O S - Ewam b @@, 40

W Oy = S {k) 27 AN Fiq (25
NN &), and q(25)

wi®=n k), Eq (26)

where w’ (k) isa 1x R vector of MMSE equalizer coefficients for transmit antenna 7,
ﬁ}f (k) isa 1x R vector of ZF equalizer coefficients for transmit antenna i,
WY (R is a 1x R vector of MRC equalizer coetticients for transmit antenna ,

S, (kY= E {§ X (8){® } is & power spectrum of X,(%) sent from antenna /,



100100] Equali zer coefficients nmay be derived based on the MNI SE, ZE,
and MRC techniques as follows: ir(k) S, (k) "10 (k)" "Tj(k) , Eq
(24) SE (k h,r (k) , and Eq (25) *rij {k.") ".; (k) , Eq (26) ,,;
vhere . e(kWQ0H044988 R vector of MVBE equal i zer coeffi Cp@ml@zqoypﬁoms
transmt antenna i, {1Tf (k) is a |l x R vector of ZF equalizer
coefficients for transmt antenna i, w (k) is a 1l x Rvector of MRC
equal i zer coefficients for transmt antenna f1. is (I X;(k.)1 } is a
power spectrum of X(k) sent fromantenna i, WO 2007/084988
PCT/ US2007/ 060776 26 'Y, (k) is an R x Rgnoise and interference
covariance matrix for antenna i, and " H> denotes a conjugate
transpose [00101] mraalmxaaswe B BTl RFeRGE c§RYiRheANEGNTBE &;itémﬁaymd
be expressed as: }L {k}= E (k}.h"(k)k (k) 3-R{k), E(1(27)
ntwf).Nt,i wher e ’P(lka}uttp@qm{ug]awwa@m}qseu s an RxR noi se
covari ance matrix, and E{ } is an expectation Operation. C (00102]
The noi 8 ®bvar | aﬁ%ﬁmﬁﬁq’*ﬂ%nﬁ?ﬁpﬁl%ée%ﬁﬁﬂwm%ﬁmﬁb?te{‘k’}?ﬁf@ﬁia*(k}l for
spatially and spectrally uncorrel ated noise, where T is an identity
matri x. VK) may Iso be stinmated based on equation (22). 100103]
MEMO det ect i on fo % éﬂ@tﬁ@m(éht%r{ﬁ& iﬁr%)y be performed as Bq 27)
follows: 7;(k)- t-; (k}'"“ UK) . =. 13t (k). <1{(Kk)'rl1 (k) , Ecl(28) where
Y, (k) is a bi ased estimate of ..k, (k) sent. fromtransmt antenna i,
13, (k) 1y" (kyheek{A)s: & (868} nf (id‘)g famt BRROiiDI% odtyian@nelatik, Gig A{S} is an
post -detection noi.se and. interference for. ; (k). 100104] The
get ected synBEPEFEORRIPY ransnit antenna 1 may t hen be expressed

5. P (febz (29)Th e K
provi de%hcﬁ;'_qrqectlyTat{s('agglsl?;l:l‘dnsrﬂl/_'lTI cg%%?%l%a ygg)g%’%‘%wt& at‘%‘a%%%ir?bo?"m & o
sent in the dpatstensyspoirainundaniela@ihoishevidat §ckad 1da;mjm’asﬁrsxraxﬁ@§ may
transfornmed with an | OFT to, obtain. the data synbol estimates if the

also be estimated based on equation (22),

[00103] MIMO detection for each fransmit antenna i may be performed as follows:

Y, (8= W () p () = B (Y X, () + P (k) Eq (28)

i

where Y, (X}is a biased estimate of X, (%) sent from transmit antenna J,

BkY=w (&)-h k) is a scaling factor for X (&), and

V(&) is post-detection noise and interference for X, (4).

[00154] The detected symbols for each transmit antenna 7 may then be expressed as:
C Lik)
X ) = Fq (29
(k) - B q(29)
{00103) The detected symbols £, (%) may be provided direcily as data symbal estimates

if the daia symbols are sent in the frequency domain with OFDM. The detected
symbols may be transformed with an IDFT to obtain the data symbol estimates if the
data symbetls are sent in the fime domain with SCIFDM.

{00196] Those of skill in the art would understand that information and signais may be
represented using any of a variety of different technologies and techniques. For
example, data, instractions, commands, information, sigoals, bits, symbols, and chips
that may be referenced throughout the sbove descripion may be represented by



data synbols are sent in the time domain with SC-FDM [00106] Those
of skill in the art would understand that information and signals may
be represented using any of a variety of different technol ogi es and
t echni ques WE¥P7084988npl e, data, instructions, commands, PCEAUSROGEBGOFIE,
signals, bits, synbols, and chips that may be referenced t hr oughout
t he above description may be represented by WO 2007/ 084988

PCT[ US2007/ 060776 27 vol tages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
conbi nation thereof. [001071 Those of skikl would further appreciate
that the various illustrative |ogical blocks, nodules, circuits, and

al gorithm stﬁﬂ&behe&anérbe.ﬂhlednﬂmgﬂmﬁ%&@ﬂ Mbdnliié ields Gir Palities) GHtiRe) 84185 or
may be inpl err%g 1ed as el ecl?tronl cl harfdvvare conput er software, or
combi nat i onsPBF B Eh VTP BAIIN I Fust rate this interchangeability

of har disare] and Fefsevett ekifl vaoildUfirthed Hpﬁr&ﬁﬁtb%aﬂﬁfmeﬂmmsil]ubﬁ'aﬁksmgmal
nodul es, crr ste

have been, ., descri bhed .abov ner.a
TorCor Cnafisss miflies| SR AR o P Aeraan iy Secton Yl the
i mpl enent ed disclbmrahemren ory smfatmm@mdsbwmmhmrdexammbmpudearsoﬁwam or

application and. desiqgn Co%'St Eéﬁy descff th?nnit{]fghz?nggﬁbiﬂr; §ty g%rﬁwam and

Skilled artisans may inp erren
varyi ng vvaysmtﬁmraﬂeafehmp!alltmmh'ar:maprpiemtsabipdm miodtdes wilouits, and gleps have been

| mpl ement at i giy,. 91' Bbos er%'&?!:{) ﬂté}ﬁzts &%hélméﬁ[:tﬁ)cfﬁi&de‘%’%ﬁ%glu%}éﬁg\-}%&mahw is

departure fromt SCO esent di sclosur
(arl ous ill ugmham!\?@d Iﬂedwéhrf’afblﬂﬁcﬂ@“’armdw@és wd tbe rseiduby darpBedthedand

connect | &@ig‘ﬂ' éogsrtﬁ'zhﬁ’i]s 6@ Be RELEH T Ry 8%, t%zlléﬁpirﬁ %99&@ Bplement the

per f or med vvrt Lgener pur pose processor,
processor ( DEP§ribe nﬁﬁ}ﬁBP’Paé’éR |‘6n\f%$é§| WEYS Lont é%ﬂ‘ai)@f@mﬁéf ﬁ@gﬁlﬁﬂﬁphsb@) such

a field pr oqrmh&&a&&;%ﬂsa%oﬁﬁ%ﬁ) b {ntQpedd B eai:sﬁ@@%ﬁarhfw tom the

device, discrete gate or transistor |ogic, discrete hardware
conponents, HPP& he pEH HACISIet her eof designed to perform the

functi opsigescri bags beﬁ@mzzzxém@wr@mai nﬂbﬁ@semrmmesl&@rmfmﬁs b(féséhbed in
m cr oprocessaor, but he_ a] t er nat Lve, &POCGSSOI’

convent i onal c“‘BF%’é’Es‘ﬁ? L thg Girelogpe derei gy F’BBB PiSRieE or Pﬂfﬁ%ﬁt"@ﬂ‘ th d general-

nmachi ne. A pPies&ISPbcesiRy 2 AGH! BRndMbeRBRt BP9 Saraa mbrma&;jeemmtemmd
conmputi ng devrce conbi natj.on of

ni cr opr oces s Asg?grﬁaﬁiﬁagfrwa‘w]é 18&5%%0&?%&@ Yperpypgrammable lagic
M Cr opr ocessdevice] rlisnstp ugml &N thahdiston 1058, Aosessre Qrarraweoédwfron&ﬂ@h or any

conf i gur at on. LO0L0% The 125803 O'ooTE RO L lioR] SRLLHAMIERST WoESherar
purpose processor may be a microprocessor, but in the alternalive, the processor may be
_ any conventional processor, controller, microcontroller, or state machine. A processor
C, may aiso be implemented as a combination of computing devices, ¢.8., a combination of
a D8P and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjanction with a DSP core, or any other such configoration.
[00109)] The steps of a method or algovithmn described in connection with the disclosure
herein may be embodied directly in hardware, in a software module execnted by a
processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any otheér form. of storage meditm
known in the art,  An exemplary sforage medium is coupled fo the processor such that
the processor can read information from, and write informnation fo, the storage medinm.
Tu the alternative, the storage medivm may be integral to the processor. The processor

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



herein may be enbodied directly in hardware, in a software nodul e
executed by a processor, or in a conbination of the two, A software
nodul e may reside in RAM nenory, flash nenory., .ROM nenory, EPROM
menory, EEMROMWTRMBABY, registers, hard di sk, a renpvablPETAIS2U07/060776
CD-ROM or any other form of storage nedium known in the art, An
exenpl ary storage nmediumis coupled to the processor such that the
processor can read information from and wite information to, the
storage nedium In the alternative, the storage nedi um nay be
integral to the processor. The processor ,qand the storage nedi um may
reside in an ASIC. The ASIC may reside in a user WO 2007/ 084988

PCTI US2007/ OfR%#a!. A8 fherdfichitive, et focabderRBtie) Gorded SnpEOBeHaSP reddd] as
t he storage di um may resjide as di_sgrete conmponents in a user

termnal . 108¥<ECFPMBRLERTHJL RiE 183 ded herein for reference and to
aid in [merdi ng CHeidihgs agedidiaded, hdbigsor hefadbngs aed o NG innfcemilRd cérin

limt the scope of e concepts descrihe herein und and t hese ,
concept s nay“ﬁﬁ?’és‘ at%?s‘r‘ 313?)‘?%11&[ gt BEHY f"‘gg‘%ﬁ?’?t S S‘P‘?ﬂed%&h%ﬁ?‘?"emﬁ gecribed
entire speci thoesi voder, paDlhele corkbepfsanyr BwieCipplicksidyi iptdtan saftidubehroughous
di sclosure ig provided.to enable any person skilled in the art to
make or use eendfi’sbg ‘(’)ﬂs%f?me‘)%‘ Various nioditications to the disclosure
will befaogtddi | y aPpapentiousoddshbgions sl IHeedis¢loswrdés prdvidaint tinblegene pecon
principl es dgf j 1. o] er.vard at.i o i t.haut
departing fr %Ir%1 %Eﬁﬁe; ﬂs"%?{t?{’ B]oa?@ 3565 gg"‘e@"g@ %”(’{%’glgted iv\ga%’l%b% l’ﬁagfﬁc%ﬁﬁ%s%tﬁée&ma%we
&Lscl osur e | wilhbe r¢agils rmpparenbichtobd pilietin Betdne apd dhp kewricdebeipldsatiiined

erein but i ; R t e, W [ IR s
o ni ples | Sngage R FRLEe oM Yooy SRS SARRR AN il det BFscope of
CLAI MED | S: the digdosug AI'Tims, the diclagnpninnos inteonipd i toi inglimdted [to dbe cumaples
processor tojQeRelPh&ed Ml & bl Yelhdd h0La6H HEdfes, kQfenfwith Y& blibdples
of transmt antennas based on a Chu sequence de meé“by a
transnitt er - ¥pltavel waygssisclesad heret | ot sequence conprising a
plurality of pilot synbols sent in tine domain on a different set of

subcarriers, and o generate a plurality of pilot transm ssions based
on the WO&HZ |ty WHAT IS CLAIMED I8:



of pilot sequences; and a nenory coupled to the at | east one
processor. 2. The apparatus of claim1l, wherein the at |east one
processor generates the plurality of pilot sequences based on a
CAZAC (constant anplitude zero auto- correlation) sequence or a
pseudo-random nunber (PN) sequence. 3.29The apparatus of claiml,
wherein the at | east one processor generates an extended base
sequence by replicating a base sequence a plurality of tinmes, and
generates the plurality of pilot s€hddNEes by applying a plurality
of different phase ranps to the extended base sequence. 4. The
apparatus of claim1l1l, wherein the at | east one processor generates a
time- donmin basspmmetuedierdmgpri sing a plurality of time-domain
synbol s, transfornms the tine-domain base seguence to obtain a

f r equency- domet FFAg4Y8 PEUERER eS8 a RIPREYEPT PIPLTearenegs Br aphuiy of med
synmbol s, RBSittaRARnRdsWaddd dVa Chu LdRBRE ARG VIR HidL-sBedtfidlAld bYen Of

sets of subcarriers for the plurality of transmt antehnas, oné set
of subcarnilogpesjuerne cemphsing pphsality ofiptesmabolaneht getime dbeeincong different

ot of - sushar FGR IS bR R ARy ARE BE R ol AR SRR, °

gener at i ngf popdeynankced; yndf pil ot sequences for a plurality of transmt
antennas based on a Ch equence defined by a transmitter-specific
val ue, each pFﬁ%@“@gﬁﬁéﬁﬁiuggeaE%ﬁ%PP%Wﬁaﬂﬁxplurality of pil ot
synbols sent in time domain on a different set of subcarriers; and
generating a plurality of pilot transm ssions based on the plurality
of pilot 2-sequ@n@praratgs offjainrbtisteinthect lepshope pidsessel generpeesgbder at i ng
the plur ?!lﬁrﬁb{ty%ffpﬁbﬂ LhuAEMEREEH a ERTAC @‘Sr?stzﬁl‘?gf?%ﬁ&'nger%%%)St ended
base sequence’by replicating a base sequence a ural Tty of times,
and genercatrelagon)sequenee al 4 pspudid-rapidromusbagu@hi esyueyceappl yi ng a
plurality of different phase ranps to the extended base sequence. 7.
An apparatus conprising: at |east one processor to receive a

plurality. of pihkappdratansndisiei DRshceRNBeat RestRAS BbceRBr @nthikssgqUeENcCe
defined by a transmtter-specific value via a plurality of receive

ant ennas, SXEBEH! 155¢ BAUERAIYTRRIERERE Thate sravieney wop!pralipvanfitingesomdrgenerptes
synbol s sgnfjujafteyt dfBBlot sequences by applying a plurality of different phase ramps to the

extended base sequence.

4, The apparatus of claim 1, wherein the at least one processor generates a time-
domain base sequence comprising a plurality of time-domain symbols, transforms the
time-domain base sequence to obtain a frequency-domain base sequence comprising a
plurality of transformed symbols, maps the plurality of transformed symbols to a plurality
of sets of subcarriers for the plurality of transmit antennas, one set of subcarriers for each
transmit antenna, and generates a pilot sequence for each transmit antenna based on

transformed symbols on a set of subcarriers for the transmit antenna.

5. A method comprising:
generating a plurality of pilot sequences for a plurality of transmit antennas based

on a Chu sequence defined by a transmitter-specific value, each pilot sequence



domain on a different set of subcarriers, and to process the
plurality of received pilot transm ssions to obtain channel
estimates; and a nenory coupled to the at | east one processor. 8. The
apparatus of claim7, wherein the at |east one processor obtains
recei ved synbols based on the pluralispy of received pil ot

transm ssions, obtains a plurality of pilot sequences for a
plurality of transmt antennas, and derives the channel estinmates
based on canipeisingagivabtysyfiphlot synetatks dehiein pimerdolmiairy o0 diffckat seaguences.
9. The ap$)§r atus of claim8, wherein for each received pil ot

transm ssi'QFTHS 4 | east one processor obtains a plurality of sets
of received syshehtnd opludalRy UF Fitdt ttdndfissi@lsa®ld onSHOSRFlIEESpikaSed on
the received pilot transm ssion, scales each set of recelived synbols
based on &Y¢d¥fespondi ng pil ot sequence to obtain a set of scaled
synbol s, and derives channel estimates for each transmt antenna
based on a correspondi ng set of scaled synbols. 31 10. The

appar at usb.of Cclteimetiod elfdaian 1) Whereiretie lgeneateigibdplordliog of ikn sequssiesn
the at |east . one Qrﬁcessort dcgr ibves aeﬁ)l ugﬁl H%/ of channel inmpul se

r esponse SUFTREYSECRHPE & BIEHIEH PRSP S5EUCnps neplitating e LA aBHEEad on t he
recei ved glidabty dftiafes indigefratidte @RIAIME S SitABRRIn&RIbY apSFtignBsi@s!ifyor
the pluraljty of transmt antennas based on the plurality of channel
i mpul se Qféié%‘ifﬁ@é’h%%etrﬁ‘ﬁﬁ‘f tgthe gytended basgisaweateis of clai m 10, wherein
the at | east one processor perfornms thresholding on each channel

i npul se response estimate to zero out channel taps wth magnitude
bel ow a thr eshol ehpaeptieh cdepirivieg: channel gain estinmates for each

transmt ant d correspandi. rannel i.npul se respons
estimate aft e%?[éﬁsrt%g'%g}o&?%asto r%%e.“%A @%?%%@@HQ&%W@“P 58%%@?‘%55 &
pl ur al i t yonaf Clpi deqtierice dafmsddsi omshsgétreespdotfit Bdseda @pluaalEhuf seeence
defi ned ba¥ a tranc?‘m'.ltter-s ecific val ue Xi al.a gl_ rality of receive
ant ennas, EEH> B0t FRRRYTHUSOBRIIEHABPILR!HY © P'E‘Ptlﬁ/ Plsyerstin Bmeot
symbol s sRfajd &h 4 HifRrAPRIOP sitRadictl, hiEbPrcessSBE pREalRYBEREEVES Siotand
processing the plurality of received pilot transm ssions to obtain
channel l@gemisgipeslo obBin gifanelestivaesfand] ai m 12, wherein the _
processi ng th%-'%‘d‘grgi‘}hé%?‘go thggﬁké@?g]%%lo%tssont ransm ssi ons conpri ses

obt ai ni ng receive based on urality of received

8. The apparatus of claim 7, wherein the at least one processor obtains received
symbols based on the plurality of received pilot transmissions, obtains a plurality of pilot
sequences for a plurality of transmit antennas, and derives the channel estimates based on

the received symbols and the plurality of pilot sequences.

9. The apparatus of claim 8, wherein for each received pilot transmission the at least
one processor obtains a plurality of sets of received symbols for a plurality of sets of
subcarriers based on the received pilot transmission, scales each set of received symbols
based on a corresponding pilot sequence to obtain a set of scaled symbols, and derives
channel estimates for each transmit antenna based on a corresponding set of scaled

symbols.



pilot transm ssions, obtaining a plurality of pilot sequences for a
plurality of transmt antennas, and deriving the channel estimates
based on the received synbols and the plurality of pilot sequences.
14. The method of claim 12, wherein the processing the plurality of
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transmit antennas based on the received pilot transmission, and derives channel gain
estimates for the plurality of transmit antennas based on the plurality of channel impulse

response estimates.

11.  The apparatus of claim 10, wherein the at least one processor performs
thresholding on each channel impulse response estimate to zero out channel taps with
magnitude below a threshold, and derives channel gain estimates for each transmit

antenna based on a corresponding channel impulse response estimate after thresholding.

12. A method comprising:

receiving a plurality of pilot transmissions generated based on a Chu sequence
defined by a transmitter-specific value via a plurality of receive antennas, each pilot
transmission comprising a plurality of pilot symbols sent in time domain on a different
set of subcarriers; and

processing the plurality of received pilot transmissions to obtain channel

estimates.

13. The method of claim 12, wherein the processing the plurality of received pilot
transmissions comprises obtaining received symbols based on the plurality of received
pilot transmissions, obtaining a plurality of pilot sequences for a plurality of transmit
antennas, and deriving the channel estimates based on the received symbols and the

plurality of pilot sequences.

14, The method of claim 12, wherein the processing the plurality of received pilot
transmissions comprises, for each received pilot transmission, deriving a plurality of
channel impulse response estimates for a plurality of transmit antennas based on the
received pilot transmission, and deriving channel gain estimates for the plurality of

transmit antennas based on the plurality of channel impulse response estimates.



