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[0003] A wireless multiple-access communication system can support multiple

users by sharing the available radio resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless multiple-access system may support multiple-input multiple-
output (MIMO) transmission on the forward and/or reverse link. On the reverse link (or
uplink), one or more terminals may send transmissions from multiple (Nt) transmit
antennas at the terminal(s) to multiple (Ngr) receive antennas at a base station. A MIMO
channel formed by the Nt transmit antennas and the Ngr receive antennas may be

decomposed into N¢ spatial channels, where N.<min{N,, N;}. Improved

performance (e.g., higher throughput and/or greater reliability) may be achieved by
exploiting the spatial channels formed by the multiple transmit and receive antennas.

[0005] For MIMO transmission on the reverse link, the wireless channel between
cach terminal and the base station is normally estimated and used to recover the data

transmission sent by the terminal via the wireless channel. Channel estimation is
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example, the elements in the second sequence may be in a reverse order (or flipped)
with respect to the elements in the first sequence. The transmitter may transmit the pilot
symbols in their respective clusters in the time frequency block.

[0008] Multiple transmitters may share the time frequency block and may be
assigned different sequences that are orthogonal to one another for each cluster in the
time frequency block. Each transmitter may generate pilot symbols for each cluster
based on the sequence assigned to that transmitter for that cluster.

[0009] A receiver (e.g., a base station) may obtain received pilot symbols from
multiple clusters in the time frequency block. The receiver may form multiple basis
vectors for a transmitter, with each basis vector being formed with multiple versions of

a sequence assigned to that transmitter. A basis vector is a vector of elements used for

processing received symbols. The multiple versions of the sequence may correspond to
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[0016] FIG. 6 shows a process performed by a transmitter to transmit pilot.
[0017] FIG. 7 shows an apparatus for transmitting pilot.

[0018] FIG. 8 shows a process performed by a receiver to process received pilot.

[0019] FIG. 9 shows an apparatus for processing received pilot.

DETAILED DESCRIPTION

[0020] The techniques described herein may be used for various communication
systems that support MIMO transmission and utilize a form of frequency division
multiplexing (FDM). For example, the techniques may be used for systems that utilize
orthogonal FDM (OFDM), single-carrier FDM (SC-FDM), etc. OFDM and SC-FDM
partition the system bandwidth into multiple (K) orthogonal subcarriers, which are also

referred to as tones, bins, etc. Each subcarrier may be modulated with data. In general,
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symbols from a modulation scheme such as PSK or QAM. Pilot is data that is known a
priori by both the terminals and the base station.

[0023] At terminal 110y, a TX MIMO processor 122y may perform transmitter
spatial processing on the data and pilot symbols based on direct MIMO mapping,
precoding, beamforming, etc. A data symbol may be sent from one antenna for direct
MIMO mapping or from multiple antennas for precoding and beamforming. Processor
122y may provide Ny streams of output symbols to Ny modulators (MOD) 130a
through 130ny. At terminal 110x, processor 120x may provide a single output symbol
stream to a modulator 130x. Each modulator 130 may perform modulation (e.g., for
OFDM, SC-FDM, etc.) on the output symbols to obtain output chips. Each modulator
130 may further process (e.g., convert to analog, filter, amplify, and upconvert) its

output chips to generate a reverse link signal. At terminal 110x, a single reverse link

signal from modulator 130x may be transmitted from antenna 132x. At terminal 110y,
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[0026] Controllers/processors 140x, 140y, and 180 may control the operation of
various processing units at terminals 110x and 110y and base station 150, respectively.
Memories 142x, 142y, and 182 may store data and program codes for terminals 110x
and 110y and base station 150, respectively. A scheduler 184 may schedule terminals
for transmission on the forward and/or reverse link.

[0027] FIG. 2 shows a tile structure 200 that may be used for the forward and/or
reverse link. The time frequency resources available for a given link may be partitioned
into tiles, which may also be referred to as time frequency blocks, resource blocks, hop
regions, etc. Each tile may cover multiple (F) subcarriers in multiple (T) symbol

periods, where F and T may each be any integer value. The F subcarriers in a given tile
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[0030] The pilot symbols may also be placed to support spatial multiplexing
techniques such as MIMO and/or Spatial Division Multiple Access (SDMA). With
spatial multiplexing, multiple data streams may be transmitted simultaneously via
multiple spatial channels or layers formed by multiple transmit antennas and multiple
receive antennas. To support spatial multiplexing, the pilot symbols may be arranged in
clusters within a tile. The number of pilot symbols (M) in each cluster may be equal to
or larger than the spatial rank to be supported. Spatial rank refers to the number of
spatial channels, and hence the number of data streams that may be transmitted in
parallel. The pilot symbols in each cluster may occupy a contiguous region in time and
frequency such that, for each terminal, the variations of the wireless channel across the

pilot symbols in one cluster are as small as possible.
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ﬁll‘g“zﬁ?] bel}gjlgag tgﬂgf%ﬁagm E g%rla%gg%il lgtgl Bflwtig?sgﬂcated in four rows
MJ{hte'tHb € FASIE €§1§tef MR MLt 31 piRatyrAbol &bt iRl &l fBearrier in three

multiple data streams may be transmtted
sinspdutiyn epodply paricals milhei thice ploasymabols anmedl dugser may degised for

LB RIS For B %o HNST SRfANas and multiple

[0035] FIGS. 3A to 3D show four example pilot patterns. Various other pilot
patterns may also be defined. In general, a pilot pattern may include any number of
clusters, and each cluster may include any number of pilot symbols. Furthermore, the
clusters and pilot symbols may be arranged in any manner in a tile. For clarity, much of
the description below assumes the use of pilot pattern 310 in FIG. 3A.

[0036] In general, one or more terminals may share a given tile. If the tile has
clusters of M pilot symbols, then up to M data streams may be transmitted on up to M
spatial channels or layers. A terminal with a single antenna (e.g., terminal 110x in FIG.
1) may transmit a single data stream on a single spatial channel. A terminal with
multiple antennas (e.g., terminal 110y in FIG. 1) may transmit multiple data streams on

multiple spatial channels.



recei ve antennas. To support spatial nultiplexing, the
pil ot synbols may be arranged in clusters within a

W@ 2008/086Ine nunber of pilot synmbols (M in eachPCl/liS1088/050136
may be equal to or larger than the spatial rank to be
supported Spati al rank refers to the nunber of

ha nel s ence the nupnber of data streans
f‘ﬁgﬂ Ty OB ﬁ%%%t(’? ﬁgﬁowatgaﬂ@p@rptwﬁéswséﬁaté%t?sanels share
Ql\%ﬁQPe cd/ﬁé% @K (FRWIOGRY BVt BahOREHh B HOYshshRS 'o%lﬁ dafd stie® on one

nd fredquency such that, for each term na

y@tmmmma The bmeymtgetoeaﬁs ghandekribel Bowt he pi | ot

nmbols in one cluster are as small as possible.[0031

0@8] 3A Tdeowse étaaégur@q’y @btala lizT | r@@elmd snbpls fiont die e for the Q

that Qv rlers inT=28
t‘%%n na' peri gR éve% Sﬁ%trbﬁls m%t’e%e egxrs?%I fe™tile includes 12
pllot synbols that are arranged in four clusters
| ocat ed four corners of the tile. The four clusters
may b& gpPyenphj nsj ceB, of 1, 2, 3 and 4, as shown in Eq (1)
FIG 3A ¢Each cluster includes M= 3 pilot synbols
sent on one subcarrier in three consecutive synbo
ogs... Th hr.e

gl%eres g o 15 4 %C II,I; 6>1Jnlne CPOeI‘SOt?I na(%ﬁ?g%n fsgm%ol%‘% ans% %r'éééby tet%?}{al g on the
channel s. 32] FlIG. 3B, shgws a deS|gn of a pllot
pattern SzgqqgﬁkguTg§§l?PFﬂﬂ'1n this design, the tile
i ncl ugesis 48 Wit of vexsPot Sonhflat cl@efnﬁela%aﬁﬁ’é"ﬂﬁ Ghd p. Tft%%urce units in
clustefs located at four corners of the tile. Each
cluster ingleydefrMrmisiRi | ot symbols sent on three
consecutive subcarriers in one synbol period. The
t hr ee Aiib atscaymboh power edehfoeherstien gomy be used for
channel estimation for up to three spatial channels.
[ 0033}y klaf F -3& shesr of ré@stednymboR ot theF- Padkdb@tcausi&lin the tile,
for a=16x8 tile. In this design, the tile includes 16
pi | ot n$YORPFSTtNakecRE 6f Abis@naEd ik Rrdnod ForGhd gl
| ocated at four corners of the tile. Each cluster
i ncl udes dvhstedarpelembntshyyrblomsntsaaltipbn t wo consecutive
subcarriers in two consecutive synbol periods. The
fomgy) pi liate@uRPL ), ithe EaghF eldpsdngy of'%é(clpeedﬂ&e@'oﬁé%bond to the F
channel estimation for up to four spatial channels.
ﬁtﬂ@@ﬁt@rﬁn@e Bot syiobel rarideéof e td¢, the pextdtclpmente Wr@nond to the F
ct1ca1 ale%SGII)Iilbo%b éfl:ctng Pgll Igerrlr% ;Q@SO (t)I‘ID :aintg ﬁ{t ela]stzlg lte eanSents correspond

Jtdi’ fRt Fdsubéhrﬁ@tldrmr ©85a@f sylnkid] tpekiBd. ERCItomtais! B frequency-domain
includes M= 3 pilot synbols sent on’one subcarrier in

tdhSex channel gains for terminal ¢, which may be assumed to be complex Gaussian
random variable with zero mean and a known covariance matrix. The channel gains
may be assumed to be independent among the Q terminals. For simplicity, the noise
and interference n, may be assumed to be additive white Gaussian noise (AWGN) with
a zero mean vector and a covariance matrix of ¢’ I, where o is the variance of the
noise and interference and 1 is the identity matrix.

[0040] The base station may estimate the channel gains for each terminal as well as
the noise and interference based on the received pilot symbols. The base station may
perform channel estimation based on an assumption that the statistical properties of the

wireless channel for each terminal are known and that the channel gains across the tile

for each terminal are correlated.



consecutive synbol periods. The three pilot synbols in

each cluster nmay be used for channel estimtion for up
W@ 008M8@e0 spati al channels. [0035] FIGS. 3A t oPGDUSIH08050136

four exanple pilot patterns. Vard ous other pil ot

patterns may al so be defined. In general, a pilot

ern i ncl ude any nunber of . clusters, ea
R Eer %{wﬁ%}cadea%lﬁy Rurhy temﬂmal |qotwf§§mﬁ 2%}, may be
dﬁﬂamﬁﬁ zﬁ%bﬁé%% clusters and pil ot synbols nay be

ih any ranner in a tile. For clarity, nmuch of

t he descrlptlon bel ow assunes the use of pilot pattern
310 in FIG. 3AZ3[0036], I n general, one or nore
term dalls, bmy~shdrdtdli given tile. If the tile has Eq (2)
clusters of M pi'l ot synbols, then up to Mdata streans
may be transmitted on up to Mspatial channels or

LAYR! 9. iAht ?&H&ﬁ%xwatéb@en%aei for A GRARRI <f@1~ tgrmmal 4
termnal HOx in FIG my transmt a single

strean OR tie ﬁth&ﬁlée%v&]l%@tfdn&he elhanBiedor tofmidl g1 nal Wl t h
mul ti pl%e antennas (e.g., termnal 110y in FIG 1) may

t ransgi} deAstdsiapl &p Qﬂmﬁm&kkﬁﬁﬁﬁgﬁﬂ mul tiple spatia

channel;s. [0037] For_clarity, nuch of the follow ng

descri pt demotesiHemaitiohar cappler Fam@Pss- share a gi ven

tile, where 1 Q M, and that each termnal transmts
HWd2Hat Epetientd)dn based @pat picrabian ik, fomesqs rod pesansiicalginterest,

r this ti descri 38 bas
Uepi BithyreBin & RSP ERal el eymonrhopD fierhatyes pad may be
hiprotiffitdd (ﬁﬂh”ﬂﬁ@é %1gDI{?&t(fr§Cﬁ| ved §1¥d‘hp| S THRYe QBree approximate
expressed as: 0z + N0~ Eq (T) where tq is
aigetveetbrx hhvey &hﬁl@]ﬁSl@f ofoduTatli amd syaxb bk sudeainsrad t&dthe actual
by tern1n§)C% on the F: Ti%esourc units in the tile

ﬁ&eﬁ“@ectgﬁs agne| exfipation 18y teé%‘}ﬁﬁ‘ éactn tiseiley §.uﬁ§em&re for the
Eeﬁgs of c‘ﬁ%ﬁ%ﬁ?e?es‘t‘ nﬂh% Sfﬁtjstn %%ati f d ;c#p%amlnaql lee?st OQ@ order of
Is as ower o? set for-ter
f th F T

Ela %blfrﬁgelarégtct%% thQ ot & Cf\?l) \é%%né'%ﬁg%o/liz; nJ 'F i | vector
ﬂf04§]o' S el“h%QHreE %ﬁ%&f‘?ﬁa‘?@ &Eeﬁs% totrma§7 'oe QXpr@&gd as:

u=u,,®u;,, u=u;,Qu,,, u,=u,, Qu,,, Eq (3)
where u, :%[1,...,1]'[ Fx1 vector,

Uy, = ’m [ (F 1) 2 (F 1) ] Fx1 vector,

70 =gV Tx1 vector,

Em:‘/ﬁ[—(T—I):Z:(T—l)]T T x1 vector, and

“®” denotes a Kronecker product.

[0044] For an nx1 vector gnxlz[al,az,...,an]T and an mx1 vector
b,.=[b,b,,...b, 1", where * T » denotes a transpose, the Kronecker product

c ®b, , may be given as:

Comnx = n><1



" " denotes an elenent-by-elenment multiply. [0039] In
equation (1), the first F elenents of each vector

w@omsespond to the F subcarriers in the first BgNisl008/050136

period of the tile, the next F éDenents correspond to

the F subcarriers in the second synbol period, and so

on, and the last F elenents correspond to the F

subcarri eris¢ilatlhe | ast symbol period. hg contains the

frequency-dgqahn conpl ex channel gains for termnal (,

whi ch epmy= e “dSsrted, tab,be, cbnpllexa,Gaussilan. rahdom,, ... a,b,1" .

vari able wth zero nean and a known covariance matri Xx.

The channe|q,dajns may be assuned to be independent

anong t he termnals. For sinplicity, the noise and

interference n0 may be assuned to be additive white

Causs am ok b eveCrdvGhtanitid tiee peikloctn®atachiesdémentasfdag, with each

covariance matrix of s2 1, where s2 is the variance of

tlhmentoofsle,.and i nterference and | is the identity

matri x. [0040] The base station nmay estinmate the ,

t94hhel Igsimaiiongd).elch i eV eateradl akongs] scalpd byhe constang to achieve

and interference based on the received pil ot synbols.

THE PRRSelost Wit d- oM ey apectas rwile alRerefromst(Frbk oo —bhgeseps of 2,

on_ an assunption that the statistical properties of

pagtediry &lcengant Ha daiEVE BRit @AWRT Q81 Wi nall-ar@iRhiprransross the F

that the channel gains across the tile for each ) )

PECATISEY ofthe tikor Bed &t dacqtooaf1gll pnesotealed diyci constant fo achieve unit

each termnal q, where e {I, ..., ,..may_be .

BpEeier rs!moeouzaglsrao\rchﬂhEYﬁIW}frqm g}(Tﬂ)!t@ ¥,T—§qn(3?ps of 2, scaled
s the z-th appr §inate ei genvector for th

ere Ui h 0
B B g % Bieks HAl PWwestag s -t Bor 5919 11N PaTotoeE symbol

the channel. for termnal g, E{} denotes an expectation
B%E¥§P$gﬁﬁﬂ%nd " H" denotes a Hernitian or conpl ex

fooagpposg. id A042IT FayatiboBf af)onks RAREDYOR Bfstant to achieve unit

observation that, for cases of practical” interest, the

poOVEl foran£e wWRtikiax PIT 21 LREWY RBhtathadsy AischiSiced Bf B8R F clements in
significant eigenval ues and may be approxi mated with

by eecabidgbyvecdmstant bl achibf2: amid pd8er fdh@se whrisean F-Tx1 vector
approxi mate ei genvectors have dinmension of F -T x |

eordainimy Becprsicidns € tceed obfthd Heclamtn@lin v, scaled by a constant to
achieve unit power for u;. u; models DC or average component. u, models variation
of the channel in frequency. u, models variation of the channel in time.

[0047] The channel response of each terminal ¢ across the tile may be modeled as a

random function of frequency and time, & (f,#). This function may be approximated

by the first three terms of the Taylor series expansion, as follows:

oz, (f>0) N )‘8§q(f,t)  Eq@)

ELDRE St +(f = 1) T, N

[0048] In equation (4), the 2-dimensional (2D) function & (f,?) is approximated
with (i) a first term for the value of & (f,7) at the origin, or & (f.4,), (ii) a second
term for a linear function across frequency, or S, -(f — f;), and (iii) a third term for a

linear function across time, or S, -(¢—t#,). The slopes S,  and S,  of the lincar



ei genvectors for channel estimation for termnal q
across the tile. Furthernore, for the cases of

wee@snsaal interest, the first eigenval ue X1q PGI/US2008/050136
typically at | east one order of ltragni tude |arger than
the other two eigenvalues X1 g and X3 q . [0043] The
three approximate ei genvectors may. be expressed as:
f-unﬁ‘pm@ chgssuﬁse@lencmzmd tigpe Gqugigteﬁtplqed b}Ughe_ sigpe pf<gX fu‘) with

%3 wher e 0 = 1 x | vector, ] r F

WW%&%@mmmwmemmwﬁw%mqaﬁm -(T-U.
@049‘ T Bddd & )Ehé ch‘éFﬁél%Tde@Qﬁown 1?5 uatigf ann_el a1{f:sﬁ|ponse of

ronecker pro For an n vect
mmmﬁmlqnwytamkpﬁmaﬂdsan mxk | vector bnxl \b , b2,

., bmt , where " t " denotes a transpose t he

Kr K duct <8> b
T DT S AT 0, aitod - UngBiminoin. asbzo o Eq ()

azbm . , anbx, anb2, ., anbml crmxX is an m x 1

ctor contalnlng the product of each ele
e gadh e e il WhilchSomSsond ela ot @y ).
up 0 is a vec or .l onpes, scale a constant to
achi e eqdﬁ %]Imel?rb ncﬁ?}l ?Cgo%%dFV‘éﬁ:(‘%cryﬁ%ﬁf’ﬁmW&i tres
from - (F-1) in s of 2, scaled by
const xq 1% eé&fﬁ@\ﬁ@q}me@r é«aﬁ%@n 3CE0ss e oaberszmﬁiwé@
Ilnearg% across the F subcarrjers of the tile, ur 0is

a vectigt',dt) & ¢ 213Awctionden tae chrpngl eennepant terBinakhi eve
unit power for ur O . ur | is a vector with val ues

foos0] - ( Tad sholwar 1@1-5qhﬁt1dnn(5§ttﬁ@%hﬂfne?resﬁ&@l\eQ)‘ﬂteQMm@al q across the tile
constant to achi eve unit ower for ut Xx. ut x varies

iay dardhyragierised by teed cappiss|papendtad sy of St hend iffg. The center of
[0046] Ul is an F -T X I vector of all ones, scal ed by
thectdnshanbe teoveacki Gvig, i wheower,, £6OF +UL/ 2, ati? ns=8h+R)/R. The
X 1 vector containing T sequences of the F elenents in
channel response for a symbol at discrete coordinates (n,,n,) may be obtained as

shown in equation (5).

[0051] A pilot pattern may include P total pilot symbols that may be arranged in
four clusters, with each cluster including M pilot symbols, so that P=4M. The pilot
symbols may be placed at locations that are symmetric about the center of the tile, e.g.,
as shown in FIGS. 3A through 3D. If each terminal transmits one data stream on one
spatial channel, then the number of terminals that can share the tile is limited to M, or

Q<M.

[0052] The Q terminals may share a cluster, and each of the Q terminals may
simultaneously transmit M pilot symbols in that cluster. Each terminal may scramble or
spread its M pilot symbols with a scrambling sequence assigned to that terminal. The

scrambling sequences for the Q terminals may be denoted as s, for g=1,..,Q, and

should be orthogonal to one another. The scrambling sequences may also be referred to
as spreading sequences, orthogonal sequences, pilot sequences, sequences, etc. The
scrambling sequences may have unit modulus elements and should be of length of M.
In one design, M scrambling sequences are defined based on M columns of an M xM

Fourier matrix, with each scrambling sequence containing M elements of one column of

the Fourier matrix. The element in the n-th row and m-th column of the M x M Fourier



U1, scaled by a constant to achieve unit power for

U2 . U3is an FT x 1 vector containing F repetitions
wo@Roosasdiiof the T elenments in ur , scal ed by aP€CDNS10881050136

to achieve unit power for U3 . W2 nodels DC or average

conmponent. U2 nodels variation of the channel in

frequency. U3 nodels varjation of the channel in tine.

petrymayHe elvghmel e f esponos@)l“ofl2 é)achMt'ér fiLch ar (ﬁ) acMods The M

i.le ma on1funct|on of

o Embianesr g S i Aol hRGTHUHER of ThilosseQ scrambling

SRREsvek Madyest fRyectddefrdrh lagionRhE®1 Eﬁﬁﬁﬁle@fcraﬁﬂtﬂmﬁ%ﬁ @hces. In one

series expansion, as follows: x x (fo,to)+(f Eq

depyey 0B terminaduat fssigned ) one ﬁ@ra@bbn&ewgum| afigyses the same

ARSI A L RO TR W) Rl 50 0

use(diffpreat seanislthgt sequioncey foa diffenaaclustencinitheitiRer 0ss

frequenc or /. 0) , and (iii) a third term
fﬂ&ﬁgb | i Fisgyilof @»ﬁgffqlwa%epts%%bx teﬁ%}nafﬂ lfszha tilq pay g@fxpressed as:
The sl opes SFq and S1 g of the linearfunctions across
frequency and time are deternined by the slope of

xqg{f, [quThlu@%@ct to frequency and tine, Eq (6)
respectiv Iy, at the ori gin. [0049] Based on the

channel nodel shown in equation (4), the channe

pRSROT2 0 4L TRy B Ry exPr essed as: na(nf ot

aq is,.an;.av :

fhe tErmeaacr goeg] B bl ML ERCBVEGRERTSin U e

function across frequen for termnal q, bt qis the

HI058k ofThenhierst Mhelementinedt Fgnamgcloopdot syrebdlpsentan ralusgdr 1 in the

g, and hg{nf ,nt ) is a 2D function for the channel
PR eOtDfT @fethmtlﬁaltheqnexﬂ M@t@}new arp dourpilon sugbels sem in cluster 2
5 n

Ent%ﬂe u gr-rg%l%% 1§1reléi Ct % gl&gz\g eg J gpe qgll ﬂ?t% Fﬂ%glr% as%%‘tt nelrcluster 3in

the lowbﬂ:leﬂ cmebrpandithe 1dspen @Eﬁte@fs a@é f(btﬁﬁldt Ishﬁbﬁl@)&eﬂﬂﬁn cluster 4 in
ven as (nf 0,nt0) , where nf 0 = (F +1)/2 and nt0 =

‘grp laweryright comge  TheapitIveetesspop der fegpinglsg gh £} are orthonormal.

di screte coordi nates (nf ,nt ()i ] %/ be obtai ned as )
98%h ,FI@q Ay |s]@m)vs( 5[}6 transmitted pilot symbols for pilot pattern 310 with

scrambling sequence s, =[a b c]”, where a, b and ¢ are three elements of the

scrambling sequence and may have any complex values. The three elements a, b and ¢
in s, are applied to three pilot symbols from left to right in each cluster in the tile.
[0056] FIG. 3B shows the transmitted pilot symbols for pilot pattern 320 with

scrambling sequence s, =[a b c]”. The three elements @, b and c in s , are applied to

three pilot symbols from top to bottom in each cluster in the tile.

[0057] FIG. 3C shows the transmitted pilot symbols for pilot pattern 330 with

scrambling sequence s, =[a b ¢ d 1". The four elements a, b, ¢ and d in s, are

applied to four pilot symbols in a z-pattern in each cluster in the tile.

[0058] FIG. 3D shows the transmitted pilot symbols for pilot pattern 340 with

scrambling sequence s, =[a b c]”. The three elements @, b and cin s , are applied to

three pilot symbols from left to right in each cluster in the tile.

[0059] A set of basis vectors may be defined for each terminal ¢, as follows:



[0051] A pilot pattern may include P total pil ot
synbol s that may be arranged in four clusters, with
W@ 20R/08d1ust er i ncl uding M pil ot synbols, so the€T/PS20081040136

The pilot synbols may be placed at |ocations that

are symretric about the center of the tile, e.g., as

shown in FJGS. 3A through 3D. |If each term nal

transglts_ong éafa streamon one spatial channel, then gq(7)

t he nutfber/Pof ‘terminals that can share the tile is

limted to M or Q M. [0052] The Qterm nals may

share a cluster, and each of _the Q_term nals may

simul tanéblsly tfahsmt M[pillot syfbéls in that

cluster. |Each termnal may gcranbl e_er spread its M

phtwt vsymbol svwit h _a, sex anbl il ngvsequence assigned to

that terminal . Thelscranblid sequ ﬁi s for the Q

term nal s1pay be|deénoted asi1sq , forlg =\, ..., Q,

and shoul'd be orthogonal to one anot her . The

Rl 1% SRS VS G B e ot e i throueh .
ﬁ@\ﬁéu fé?e?lt coRfbif glgﬁsc‘ of esf.g%s f:BP &he %@nﬁluktlgg @e O]?tnl]%ea?ld Fepresent

ave unit no us elenents and
dlfffeMnt lcontneng eptigns fod ger pibdsl synghade qeeenedsinathe four clusters as
eflg%(glpﬁased on M colums of an M xM Fourier matri X,
°%¥cranbl i ng sequence contai ning M el enents of

1FOol ymRn Qémﬁltﬂ(ﬁ qF1§’ 'ﬂlgéo‘éateﬂ%ﬁﬂ X setm%ﬁj BB YasisRebBR r, o Fags

nth row and mth col um of M XM Fouriermatri x may’
e g P .ap Sohtail 11 tt@d ﬁ’t bolsMr, Fwith d
T2 Sohp it M D ge%&zﬁlcgs Fiy s fridutin v, an

getfse@ &4 dlet%ctoglﬁﬁﬁel %F\ adcr{‘)r i ﬁé t‘We ﬁén%@% ?ch v, and is

sequences nmmy De se aval

ﬁ&edé}gﬂgﬂgagchﬁﬁ&lf %Qﬁ%?on acposg rﬁ%lé:d gsélq gg %en%?actgd {Nﬁt[lrg nﬁld ﬁlgy be used

ﬁﬁ g lah&‘%t@r?&@r?d%%@%&? 101{'7" I clusters in the tile. In

des , eac erm nal may use different
mah‘ol IIﬁgheSﬁﬁmbﬁC@Bdégﬁéesdd)ff fresdont of Ithtstleihﬁels rfot e Q terminals

tile. [0053] The pilo ols transmtte
g.}lairlﬁgtt & tifg Jrselowﬁg, I‘?}Bl@ g‘(ﬁ(l)tggglérab%{sofn otrsy]:n 0 sF_la tg%)tlle tLen pilot

W(ﬁs hot4d<s|ed ke e§1m4at péraﬂl%fétfs%f @k cﬁéﬂne%nrﬁa%r b@ﬂgedrte esfimate noise
'S a vector o | ot trans

bret nnlmeﬂereqce; rpavwee in Itbe tile. The observation space has P dimensions
corresponding to the P total pilot symbols in the tile. In the design described above, the
channel of each terminal may be characterized by three parameters, and 3Q dimensions
may be used to estimate the channel parameters for all Q terminals. The remaining

P—-3Q dimensions of the observation space may be used to estimate noise and
interference power.

[0063] The noise and interference may be estimated as the power of the projection
of a received signal onto dimensions not occupied by pilot signals transmitted by the Q
terminals. The received signal may be projected onto the basis vectors for all M

available scrambling sequences, as follows:
w,=r, X, fori=1,..,4and ¢g=1,..,.M , Eq (8)

where X isa P x1 vector with P received pilot symbols in the tile, and



[0054] The first Melenents of _Iq are for pilot
synbols sent in cluster 1 in the upper-left corner of

W@ b@sosdie) the next Melenents are for pilot sSPpEOE208/050136
sent in cluster 2 in the upper-nidght corner, the next
Melenments are for pilot synbols sent in cluster 3 in
the lower-left corner, and the last Melenents are for
pi | ot sy iBF Eesulé of therprejectianeet raceiypdrystor guapto bagimyector r,
corner. The pilot vectors |Iq for termnals 1 through
(0084E OrHONRAEH f¥Bhinal Qoéﬁhtldﬁl @) FRENIEcdph€ads the M received pilot
transmtted pilot synbols for pilot pattern 310 with
sankoibin eaghsagtesndth e spranipliog sequencevbeifer that tormainal ¢ Equation
are three elenents of the scranbling sequence and may
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quglﬁ?sﬁr theddyogett 6iusg%ﬁ8|sg tfa&ﬁedpawratthep%qwsaﬁ reguls Wrtthe two right

gl,ﬁgt%ﬁbtl) Bgm? %ﬂ u e&}ﬁl%h Gs m[d?cag\é& %)% liaﬁnelm%afl&{ §&0 %btﬁﬂg MrSerminal

n*sqg are app ree pi

f‘r O@?Jr gfq bgﬁe rdeg;gg%d NSRS hfoﬁltHé tqﬁ)Ipell ﬂglﬁth fnd ll)\ﬁer l[eﬁoaﬁlters are

ﬁ 1{% (g% t@ez éi{esg)réa smre{éﬁ l%%%}LQQG%Ld F#]\%’-I‘l ht ¢ usters to obtain

through V4 have different conbinations of slgns for
thé four clusters in the tile and represent different

[096B) ni NMthcaPidc@nd ifteifert e W@ masbrheliSatce @gifolReyst N
the four clusters, as described bel ow. [0061] Each
termnal qis as 00|ated with a set of four P x |

baS|s,Mectoﬂs ﬁéﬁ ié nd |4 q . _Xq contains
the t ans g§1Uﬁﬂi ? lQ' i’s generated with Eq(9)
V2 and is used tY detect chdnRel variation across

frequency. r 3q is generated with V3 and is

where & is the estimated noise and interference power.
[0066] In equation (9), the first summation captures the power of the projection of

x onto r,, , which is not used for channel estimation for any terminal. The first

summation may be used as an estimate of the noise and interference power but may
include channel modeling error if the channel of each terminal does not vary linearly

across the tile. The double summation captures the power of the projection of X onto
r;, generated with scrambling sequences not used by any of the Q terminals. The

double summation is present if Q<M.

[0067] A channel estimate may be derived for each terminal ¢ based on minimum

mean square error (MMSE) criterion, as follows:

h, =E{h x" J(E{xx"})"x, Eq (10)



used to detect channel variation across tine. r 4 qis
generated with V4 and nay be used for noise and
WO piogs@ience estimation. [0062] |f the nunberP@f/US2008/050136

degrees of freedom of the channebs for the Qtermnals

sharing the tile is lower than the total nunber of

pilot synbols in the tile, then pilot synbols not used

whersshj nataa pal arteveater 6fr thhechgineh restimatenipr germisedg t oh, is an

estimate noise and interference power in the tile. The

citestyaf hpm spratenhds P di nensi ons corresponding to

the P total pilot synbols in the tile. In the design

Hw§8}i bddbizgh theechanhe whdel rdblowof ineauhtiore (i tal chrrmpelpestimate for
Qacterlzed Q% t hree araneters and 3Q di nensi ons

Wﬁ BT G %Iﬂﬁﬁ?% Yhe channel paranmeters for al

Qtermnals. The remaining P - 3Q di nensions of the

observatlonsspage Ry ybe used to estimate noi se and

|nterm§mgnc = v, JThe, noi se and interference Eq(l11)

may be est i mated @Sptﬁé7pomer of the projection of a

recei ved signal onto di nensions not occupied by pil ot

signal s transnltted by the Qterninals. The received

S|gnal rOJect Fomtgﬂthg bagi s ‘Vectors for al
alvalﬂl aﬂb‘PjT’l ’Elarf |9|@d5 ’ ’q = q
" for 4 and\q =\, _éa‘ 8) where x is a

P x I vector ‘with P received pllot synbols in the
tile, an esultjof the projection of

recei ved [veetloTx—éht o lbasi s vector x_ q . [0064] For
each férmi\nal gp equarien |(8) effectively despreads
the Mreceived pil ot synﬁ s in each cluster with the

scranbl i ng seagence s for that termnal g. Equation
t@)@} ur tdremdae ifientif B qenter fafthe @é@bﬁlelafamr asthettgde fapd are thus

geapendenltI ron"‘fhe élagerﬁze% Ié?? ﬁ'le d)l]to{ entl@rlm ’?ﬂe the cefl%:r LERk upper-left

si s vector
despread results (9r+1h@ ipir clusters are sunmed to

olstar mawbe givehiboh| T's T ndicat i Ver efanmc.afler dgbthetralahgimbols are

gain for term nal g~ For g, the despread results

éﬁEe& [hegle ng]B? e fow loi’lt?l%e{lfem A O§ ul?ttﬁ?ag 1 tdS)Ir{l ga{;éteglla%ed in the

esprea s ftor we ers
Weond Wphfdit io%v, eRRdi cati ve of channel varlatlon across
frequency for termnal q. For r 3q , the despread

[0850] t s Thagqubtien (1w, thefdhagdall hitrhstc Al © fsiairnaal @dndy 6&obtained
the despread results for the two right

based on a sum of three weighted vectors, where u,, u, and u, are defined in equation

(3). The weight for w, is determined by parameter p,, eigenvalue 4, , power offset
Azq, noise and interference estimate &, and projection result w,,. The eigenvalues
4, may be estimated in any manner known in the art.

[0071] An assumption used in deriving the channel estimate is that the channel of
cach terminal is constant for the M pilot symbols in each cluster. If the channel varies
across the M pilot symbols in each cluster, then the descrambling/despreading may have
residual errors that may degrade the channel estimate.

[0072] To see the effects of despreading errors, equation (8) may be expanded as

follows:



clusters to obtain w3 , which is indicative of channel

variation across tinme for termnal g. For r3q , the
wale®pogaw resul ts for the upper-right and | owePcT/8§2008/050136

clusters are subtracted fromtheedespread results for

upper-left and |ower-right clusters to obtain [0065]

The noi se and interference power may be estimted as

fol | ows, wef® s2 is the estimated noise and

interference power. [0066] In equation (9), the first

summat i on _cap Ss~t he powe of the projection of x Ea (12

onto _Lq = Lani “Abte (fed for channel estimation (12)

for any term tal . The first-summation may be used as

an estimate of, the noise, agdl interference power but

may i ncl uded . dhafhe L pbdBl,i %@whmrwfﬁizhé!ochannel of

each term nal does not vafyftinearly across the tile.

The doubl e summati on captures the power of the

\Slilgﬂeeﬁt F g nno f )ljggcg(t)rg rgplgg ns%@&egdg@ﬂrstfgr %{i‘n l I Pog the P pilot

Uentte m na

%ﬁq}gﬁor@laﬁaga opxll e@tg?%? H(tnsé grﬁter%renc%(f)?r tﬁz Pﬁ ot s qyrnbols h,
pd;}ﬁ%g? F%le%e'ﬁ'tsmﬂrﬁ @heslﬂ??%es g{b)%( 1 W%ntﬁ{dlstge% e%hécs in n, for

hﬁpi@m@yrﬁboﬁ X | vector for the channel estimate for

termnal gq. hqg is an estimate of hg in equation (1).

[BG3B] Ui shpwha hahere(1hipprelcctpowesultnveqlrattemmng2g includes a

the channel estimate for each term nal g may be

@%ppwgb&oastemwwi g @nwe{l%wptr&)uamls &pm q@m itdhymta&ﬁeand noise.
nt er t he ot clusters. e and are t

FED kiRlidin . harh afelier Sl e S RgaRLC oty Higerminal
tile. The cee@ter of the upper-left f a, 1 a _i_1 |

@Wgtbé’r éSgiven by - ,- . For exanple, QF =1 if

t he pllot synbols are placed in the topnost row of the

tile, l?ﬂsgt‘ %%\”pllot ﬁ,}ﬁg}goﬁ 4T € placed in the Eq (13)

secongqto etc n equation ( 11), the
channel estl mate h for termnal g may be obtai ned

[0074] If the despreading is perfect, then n; ,, =0 for all other terminals, and no
contributions from other terminals appear in the projection result w,, for terminal g.

However, the contributions from other terminals are non-zero when their channels vary
across the M pilot symbols in a cluster.
[0075] Based on the channel model in equation (5), the channel response of each

terminal £ may be expressed as:
Ek oy (¥ @ Ly, )+ 2:BF,k '(nf _nfo) (¥, ® L) + 2:BT,k "¥Nro. Eq (14)

[0076] For the pilot pattern shown in FIG. 3A, v, may be given as:

o
-5
1] | -3
Yr=l, ® 3 =5v;®Ly, +v, ® 0. Eq (15)
2




based on a sum of three weighted vectors, where Ul ,

U2 and U3 are defined in equation (3). The wei ght for
wWa@i2008/08kat@®r m ned by paranmeter p t , eigenval uePI/ps2008/050136

power offset D2 , noise and inteérference estimte s2 ,

and projection result Wy . The eigenval ues X q may be

estimated in any manner known in the_art. [0071] An

H9FThpt i@mbisieg cinaties (@)iang (1hetcehanPeh, e, imat ke ¢xpressed as:

that the channel of each terminal is constant for the

M pilot_synmbols in each cluster. If the channel varies

acr oss/Mt e oM pk ot (SRS, - @achn 6) Ust €rs,) tBEn, the,  Eq(16)

descranbl i ng/ despreadi ng nmay have residual errors that

may degrade the channel estimate. [0072] To see the

effects of despreading errors, equathgn (\8) may be

expanded as follows:wHI,. ., g=r Y|/"q|(H|O,, ) +, D

wheie Qv{f:%@@%fﬁgii’ ere®Bk i & T % PSwect or of

conpl ex channel gains for term nall|k2flor the P pilot

synbols, and SO is a P x 1 vector of noise and

[0878] f erBRGOnfrdiutibh Grol irhiakl SMaPalch bRlexpRMcdians P

el enments in hk for the P pilot synmbols, and BO

contains P elenents in nO for the P pilot synbols.

[0073]P-A,$q,ksh@mﬂth§qggyi on (12), projection result W

for termnal g includes a conponent fromtermnal q as an

wel | as contx byt ¥ her, t er,mnal’s ise. Eq

The contri but ?’b;@h%nﬁﬁfsqr g’%ma?%t”‘héfftgfo% ﬁilél X;?@?gi‘?he

proj ection resiybt, W fon,kevnvngd, §)may, be(vexpsesged

as: n,,q,k ="q(E r ), where k q Eq (13) [0074] If

the despreading is perfect, then q k =0 for all other

10978 nalThe sarachbhing semtenédsfor a4 feromabtaneerthegomiln st that:

appear in the projection result W for termnal (.

Howevef, the contributions fromother termnals are

non- z& & Wen -t hei r channel s vary across the M pil ot Eq (18)

synbols in a cluster.

Equation (18) indicates that the dot product of s, with s, is equal to 1.0 when g =%

and is equal to 0.0 otherwise.

[0080] Vectors v, through v, are also orthogonal, so that:

v, v, =45, . Eq (19)

I

[0081] Equation (17) may then be simplified as follows:
P ngk = 2:BT,k (XZH ® §5) 6, = 2,BT,k : (Xf] v )(§5 e) . Eq (20)

[0082] Equation (20) indicates that for terminal ¢, time variation in the channel of
another terminal & introduces an error or bias n, , in the projection result w, , for
terminal g. This error is due to the fact that §f e, #0ifk#gqg.

[0083] To mitigate the error contributions from other terminals, the scrambling

sequence for terminal ¢ may be applied in a symmetric manner about the center of the

tile. For the pilot pattern shown in FIG. 3A, a flipped scrambling sequence §§ of length

3 may be defined for terminal ¢, as follows:



[0075] Based on the channel nodel in equation (5), the

channel response of each termnal k may be expressed
wa@sgoshsaiim k (V1 <8> 1 Ml ) + 2b F k (nf - nfPOI/psz008/@s0136

<8> 1| MWl ) +2bt k vr Egq (14)8[0076] For the pilot

pattern shown in FIG 3A, vr may be given as: Eq

(15)[ 007 % Conmhj ni ng equations (6) and (14), term VP~

h or _|I expressed as: where [0078] The

contrigbut pon fgmm term nal k may then be expressed as: Eq (21)

HP-Tf1|=P- 0'1) H, H=k ( 1 1)(S k) +2bF k (nf

- nf 0) (b, % Q) (s s Eq(17) T (nt - nto) ( v3)(sHH .

+2b s + 2bt j ¢ (vf (r) ) g [0079] The scranbling

nc for the r m.nal re orthogona),, so.that: ..
RAOSE " 17 ettt it eiohr AT By Tl dhtie FRisaighd fiipped
RirdbGtg é?:gu&lc\éé Fd? t&knihad qefﬁ%aﬂ)e §iQedad when q =k and is
equal to 0.0 otherw se. [0080] Vectors V1 through V4
are also.ont onal, so that: -H Y-k = 4di . .k E 19
Co0aa s BlEd ool sy) of b Memilot s pipitiong c? (P Ea@
follows: HHHPnNn L] ¢ =2bT (V- (r) s ) q = 2bT (vT

Y1) (Ss! »[E® £P0) [ 008RpeEqttambiy {cdindendi cat es t hat
for tefmnal q, tinme variation in the channel of

er termnal Kk ipftroduces an error qr bias n Kk
IS5 s it s trnB i SO SReeriny e iy Py et to the lef
8f the'tild Serfldteard Ptht MBpfACkrdnitngSc§uenbe biaytoe u%ed fdrAR8&o clusters

To mitigate the error contributions from ot her
toethairight of therde sentemblhaneriginal and flipped scrambling sequences may also

be considered as two versions of the same scrambling sequence.
[0086] FIG. 5A shows use of the original and flipped scrambling sequences for the

pilot pattern shown in FIG. 3A. In this example, elements a, b and ¢ in the original

scrambling sequence s, are applied to three pilot symbols from left to right in each
cluster to the left of the tile center. Elements ¢, b and a in the flipped scrambling
sequence §£ are applied to three pilot symbols from left to right in each cluster to the

right of the tile center. The pilot symbols are symmetric about the center of the tile.
This pilot symmetry reduces error in the channel estimate for terminal ¢.

[0087] FIG. 5B shows use of the original and flipped scrambling sequences for the
pilot pattern shown in FIG. 3B. In this example, elements a, b and ¢ in the original
scrambling sequence s, are applied to three pilot symbols from top to bottom in each

T
q

cluster above the tile center. Elements ¢, b and a in the flipped scrambling sequence s
are applied to three pilot symbols from top to bottom in each cluster below the tile
center. The pilot symbols are symmetric about the center of the tile.

[0088] FIG. 5C shows use of four versions of the scrambling sequence for the pilot
pattern shown in FIG. 3C. In this example, each cluster includes M =4 pilot symbols,

and four versions of the scrambling sequence may be given as:

s,=[a b c d] ", first version of the scrambling sequence, Eq (23)

sp,=[badc] ", second version of the scrambling sequence,



sequence for termnal q may be applied in a symetric

manner about the center of the tile. For the pil ot
weaisesaichown in FIG 3A, a flipped scranbli nRCT/US2008/050136

sequence sq of length 3 may be defined for term nal q,

as follows:[0084] If each cluster includes M= 3 pilot

synmbol s, then the original and flipped scranbling

sequeBgesicf éra Dbr mi ndirdgycregn efethgpgambhirg seguendeaaryl ¢

original scranbling sequence, and Eq (22) =[c b a\

flipped_s | hng s : o5 L3

scrangﬁfh%{gg%ﬁlnée ﬁ%&ﬁgggﬂgggqﬁg%ﬂ%ﬂgh@%%%gﬁﬁéters

to the left of the tile center, and the flipped

98D iFlgmemsuerce: aed din theetirst orersidre st woe dppedrte four pilot

to the right of the tile center. The original and

symippedh 8 crpattbini mgthe egperictslustyr. dflsmeite b ondiandren ths second

t wo. ver si ons

E§Teion sy, gﬁ%ﬁgpq{?gétggfplsu? Hiiotzﬁgir :-'Jﬁslajnnagﬁ%g %Jrfel 3}% Z%e [119196%—61’1ght cluster.
ranbl i ng sequences for the pilot pattern.shown in )
Bleeienge. o f a0 ﬁﬁsmetﬁaﬁ%fi,, PR SentS %,phﬁf IhPuE PR sypols in a z-

original scranbling sequence s are applied to three.

piticst iy %@wﬁ%&wt@h Etcgnentsyhi ¢ ithatkag in geu&uétp Yegsion s, are
the left of the tile center. El nts ¢, b and in,

eplicf _ftfﬁ%cﬂ’ﬂ%sryé?ﬁﬂlﬁ g SBY{rEh Elet?lgi%?r-eﬂ% SIigg Te Pilot symbols
&Q%fﬁh&&ﬁ@&mﬁdﬂEQkﬁwfBpﬁ%kﬁgt to right in each cluster

to the right of the tile center. The pilot synbols are

ottt r ildGas®ushomheisc ohtlerorgdindl ed fflipred sThindlipg lsequences for the

R e N i e e
aemblidd E’@ﬁieﬁ'&r amald RehIRBAY GRRE SifoP syhBEls REdRePRS tBhNin cach
shown imn G 3B. In this exanple, elenents a, b and c

ERsttN & el BRNGH theCldMtRhicNd FGANARDGCE pSarl & iRRRS ifBshel Bcrambling
three pilot synbols fromtop to bottomin each cluster

sdpvecet $leartei dpplic® Rt iice [El@IRALSIsCroh leMeb Hghtnintdaeh cluster to the
flipped scranmbling sequence sq are applied to three
fihtadf tisytito@kbstef. rhina filp syrabdie bicayinictéastout khesdeater bethowile.

e tile center., The pilot synbols are symetri ¢ about

th . .

(0981 e nddfSop Atthiouel 5B soposy cxrnalesie wiighaninle fsions of the
LU Sl KA OSGATRLAR SSBUNER SR
theuster of el ulde sSinMenerdl, pinly atunsembob versicam éf fleuscrambling sequence

Xl%ry ieol?ssed Qc(f) atc]!?igvéc’ g§£glg{r{cnlglosfesgyn%gfs,e dgg%dgl% (91{ ﬁgvrx} tﬁg clusters are
defined. All versions of the scrambling sequence may have the same elements, but
these elements may be arranged in different orders in different versions.

[0092] For the pilot pattern shown in FIG. 5A, using the original and flipped

scrambling sequences shown in equation (24), basis vectors r;, for i =1,...,4 may be

expressed as:

S —S -5 S

; ; ; ;
1 |s, 1 |-s, 1| s, 1 |-s,
r,, =—— , I, =— , I =—— , Py =— . Eq4
B L P e N R Y e I
S$ S$ S$ S$

=49 =4 =49 =49



s s[abcd]t , first version of the scranbling
sequence, Eq (23) S 2 =[b ad c ] second version of
w0 b@segqianbl i ng sequence,3 =ic d a b] t , thirBCVERR0NLO50136
of the scranbling sequence, and2894 =[d ¢ b a] t ,
fourth version of the scranbling sequence. [0089]
I nts.a, h, ¢ and t he flrs version s e
E‘&g’?f ed qlt?ntlatﬁs%‘?‘i“&t a@r&rtﬂ et CHenEG YtERa{ion {of fggminal ¢ may
Hﬁp gtrfo dt 1nC1.JhE'§1tt er Eés%ﬁﬁ&f ﬁbc;{ﬂe Ybe V@lﬂgﬂfe heflist t rs r;, being
version are applied to Four ot sy
Z: P I iH0

%H%daansdé"t&?%‘t h@‘% PR ‘%‘aﬁr%{;%pﬁ %"%*tﬁb&m from
hotiierpérhohal sytatted [wojentien @pat tey nfdriertitieal lganey bd efptessed as:
cluster. Elements d, ¢, b and a in the fourth version
s 4 are applied to four pilot synbols in a z-pattern

in the Iompt(h gﬂg)ehﬁseer The pilot synbols are Eq (25)
synnetrlc about the cehfer of the tile. [0090] FIG 5D
shows use of the original and flipped scranbling
sequences forn the pilot pattern shown in FIG 3D. In
this exa Fé, elenent -&,) b and c in the origina

| i cersar, pli,ed to three pil ot
syﬁ%ggé firam ﬁ@ ?b i tgfn gach cluster to the |eft
of the t|Ie$ enter Ellemgnts ¢, b and a in the flipped
scranbl i g$equence sq are applied to three pil ot

synbols fromleft to right in each cluster to the
[00941 oflt ichre btidhewaethtitern, , Fae foirl ot 1,s3,mndl 4 dueeto flipping of the
symmetric about the center of the tile. [0091] FIGS.
Sotarhbligugluéldes how, haigmoekasplatso 0 Bvarivith flipditd, Witch means that
versions of the scranbllng sequence are used to obtain
HetOma$ WEa srréhaffecting 5y Mgt the Ginvd-Vdryin@Sie@giont@t dfh@e channel.
center of the tile. In general any nunber of versions
Ntevértteleewﬂmbértdigm&equeacm ﬂﬁyctﬁﬁnetsmrﬁae: acmeN&@ with flipping
symretric pilot synbols, endi ng on how the clusters
b?céu%fetoif rr@altlpqutlore P¥| %hthr%Ft ﬁ@tlcs COHRBIMAR s &y e dne-varying
the sane el enents, but these el enents nay be
arr%nged in different orders in different versions.
[®OSP] Hor thdyelopphttdrn pladwe inF1€h 61N using FduEvetfons s ithegscrambling
t he ori gi nal, and,flifsed scranbl i ng sequences shomn in
FYUSRGESHOYD A cqu3ken §23) ehastsrvsciors K, figF 7 = 11..., 4 may bg expipssed as:
be expressed as:[0093] Channel estination and noise
and interference estimtion for termmnal .q my be

performed in%he manner |deScyibed abqve, al beit wijt
t he b?fql Si CSt or) SEqu __ﬂ b%lqp s LS,q :L §q2 s £4,q :L _§q2 . Eq (26)

'\/F §q3 '\/F §q3 '\/F _§q3 '\/F _§q3

§q4 §q4 §q4 §q4

[0096] Computer simulations show that for high signal-to-noise-and-interference
ratio (SINR), the floor of the channel estimation error may decrease by approximately 2
decibels (dB) for vehicular channels with the pilot pattern shown in FIG. SA. This may
improve packet error rate and data performance.

[0097] For clarity, the techniques have been described for pilot transmission on the
reverse link and for channel and interference estimation for terminals. The techniques
may also be used for pilot transmission on the forward link and for channel estimation

for a base station. On the forward link, different spatial channels or layers may be



defined as shown in equation (24) instead of equation

(7). The contribution fromanother term nal kto the
wee@pesdiion result Wik for term nal gmay be exPpCEESMAS/050136

as: | I,q,k = (H ) =L Eq (25)20vhere t - e [0094] It

can be shown that n gk = 0 for z= 1, 2 and 4 due to

fI | ppi of the rarrbl I n uence. not
3% %e%\ﬁéfﬁ‘ IPE S?qqeag% evPﬁP‘Eﬂ%“H% Wsth?ﬁgff r?n%éwrs on the

f@%akﬁhrﬁ@m‘ﬁ bR landbEEE! foltfle p@%egs‘?ﬂ g fP Uil OB MARMLRDn the reverse
conmponent of the channel . erthel ess, the error

limk.r oduced in the channel estimate is smaller wth

lLEpi N cause of rrultl |cat|on MVBE rati o .
Ltg5BE e B e Trene Bl iy D PhES Ol B yp g fansmiteer to
E‘@t[snhhﬁll@d toQf reRaivEier ProsBRVED0I May b&peBimdisbd th@hihal to transmit
versions of the scranbling sequence shown in equation

pid)on thaiversg dink de 8 bpsegstatenn. jPracess 600 may jgipp bggerformed by a base
?t)ét?&ﬁié);tﬁglss@gt rpa{o?gg @lle Mrldtl 13 It 11%1& OfRe ﬁr s\ﬁln{tlcj%ay thus be a

O-nol se-and-i nterrerence ra

{eBhR) or tibasd tt@@csn @hd tthkersclalazelnﬁiay @std lmblswmoﬁ ror @f tefnal. Pilot
decr ease fy pr oxi el%( 2 decibels (d %
%ﬁb%f%a Bﬁfaﬂ%?rsm\k‘n e HRQUSHEY Block 49t EEhmay SMem%ated based on

t s@ﬁ% enddl '(bclt) gl %)n'qﬁﬁ)\f Sﬂﬂ@@l@ gbr £ ﬁé&ﬁld I ﬁfs?er R AGHR frequency

nce For arity, e techni ques have
bleeln nehy S gdmechtddobaspd loota stecmdsmqsmo&r(btmkt&ié) r Eﬂ«ﬁ:rsymbols for a

k and fo cha terference e
s T BB e L0fing a1 B B ORI Gt sequence

b 2050 380 Qe ?610@1@@16‘)0'}’%{ Qnﬁﬂd%fo@QQLoﬁlﬁ{ clﬁﬁ@tnl'ﬂeihe time frequency
estimati on for a base station. On the forward |i nk,

Uliofﬂﬁ arag e @p@“ﬁieélbamdmiéb second serenec @req/fobethggq@neqj(block 618).

3hs P SRR e RS T e e P S05RR Btk BB

[mwphe PrRCRSsS kétond ohird laﬁ& 8 segfETte Ala§ ifdludd@mmon elements
reverse |ijnk. [0098] FIG 6 shows a design of a

pirenesd dn gbiicrger prsierreendhipay ber epnsidetadets dibferanhvsisians of a single
?éé}ll,ugﬁcet Fd e&?ﬁ@' L VE&E ele?ﬁei%‘fs 1§1S[h<f>3 ?f%oﬁmée Bndd G‘H‘}Z %Er?rg l?é’ve"f)se order

nsm t reverse
asEpidatvithrespletao el&sdﬁﬁ&maytha Ifiso sbquepes.f Diiaetbt bymbols may be

bace Sl aLiop Lgctransm i pil ol on the Toruprd Ligk L0 tiock
e.g., as shown in FIGS. 5A through 5D. The pilot symbols in all clusters may also be
arranged in other manners, possibly non-symmetric manners. Each sequence may
include M elements used to generate M pilot symbols for one cluster, where M may be
three, four, etc. Each sequence may include elements in a column of a Fourier matrix or
elements defined in other manners.

[00100] For the reverse link, the first sequence may be assigned to a terminal and
may be orthogonal to at least one other sequence assigned to at least one other terminal
sharing the first cluster. Similarly, the second, third, and fourth sequences may be
assigned to the terminal. Each sequence assigned to the terminal may be orthogonal to
other sequence(s) assigned to other terminal(s) for the cluster in which that sequence is
used. For the forward link, the first sequence may be assigned to a layer and may be
orthogonal to at least one other sequence assigned to at least one other layer for the first

cluster.



termnal or a base station, and the receiver nmay be a
base station or a termnal. Pilot synbols for a first

w@ebmwsvgilen a tine frequency block (or tile) negI/B82008/050136

generated based on a first sequépce (block 612). Pil ot
synbols for a second cluster in the tine frequency

| ted b d d
TBE"Risy 7 Boron oyl & ety JU T RSt B RIqtndpparatus
b ErciUIRIHRBRY FR| RE&RY pli& SaISIAHEY fﬁ@tsﬁgst@[nmtahﬁme frequency

first sequence or a thlrd sequence (bl ock 616). Pil
bipnb bhssdfonra ﬁrsf mmtslhpedlnusinbﬂlﬂm méras fomgenkraging @rio‘ysyrnbols for a

e R T e GG e T

hRaiy AR g&idrit plla)t EEbdls FRSPBEH I cVited it Bieairhe frBlRGKy block based

620 099] The first, second, third and fourth

R ﬁéséssempw 6| 0 durd; svercee(raodavie 916k raetge dor generating pilot

SIBERL R, BRI TRYRE CANSIIER B3] HEY 0nd soquence
VErsi ons o e sequence.’ Fo

et eefmaﬂhsequbnw amscaﬂ@mDB)s SqlLesas mﬁtytaxtsﬁnutmg ahd iR k$@bols in their
order, (or flipped) with respect to the elenents_ in the

FSSPRIve sirsie émodite 730)- otTh§ﬁFBt®IS§C‘W§yﬂB@ Hish Epugthetgquences may
t ri.c c f

ﬁﬁléﬁnfe?le fér%nd@éthn%erﬁn% §1¥r5ﬁ§%ﬁ.1’n %1?%3 . V%r@cﬁ% 2\ ﬁleg’zlﬁhﬁ 720 may

témpisghprobessdise electratics Yotiodss hiardvadré deigsy, edlectiwaics alosgonents,

E% rang ed in other manners, OSS|EFy on-symetric
Hitef'&CH %d@ﬁn%%ﬁ%ﬁﬁ‘?cgrﬁ%c‘? RFEPenment s used to

gﬁﬁ@f]at QTIM ] ih%‘bvssdyd@%lnsofr DPproRs s0b lf)%ﬁ%fmed/\&eﬁ%&ﬁ\f@% process
hree, four, etc. Each sequence may i ncl
piletrreesiecdi from opelou merofrasnFigensi @roaeas ¥§kmey be Iperfelrm@i by a base
ef.ined in other nman ers 00100] , For the rev
?‘F“ﬁ‘?&” 8“?? P%‘?t TSC%Yfgino hﬁ%?%‘g%&%sﬁfoé%%e o m‘&re t%‘in}%l%l Process
800 mAR Y11 BELOFdr RR@OM BY al torndihal ©3FbcRH BiloH HREEivEEROM efRCRrward link
assigned to_at |east one other term nal shari n% t he
fipmnsy bageusgatian, fosione |omare leyees, sehcsngacht lyergmay g considered as a
e t,0 I h
ég)ldfjaté% Eré&sgrggc:@rc %ngé(ce?% ﬁ%}r %ﬂgg)'e a b&é% t&tﬁ)r t 129 (t)enrmh:'l?a}q,oand the
ﬂhmlttaequgnlﬁre astermamal gnedbise smﬂrtﬁr tl&rcanvecalp(ﬂs) sﬁzmbols may be
the cluster | t hat, sequence u
PRIRIRAE rom MK tlpﬂ-qvq@uﬁt?rrs 4 a &g fesuen 1310%(13%%& SglﬁidE%@ of multiple
bayereabd ﬁrﬁy ‘tQ:ef&ﬁ{eao‘gﬁﬂ%ultt@leakfetlsﬁ)ﬂgofoé‘eseé’ﬁelﬁ% assigned to a
sequence assigned to at |east one other ?1%
franssttlttczd (Hodkr 8!‘0)01@h]3 el @ncy mhovmhaiedb/[sle@memfs and the multiple

a(g’El%Irlsa E)y t?le Zg&eﬁgg rnta}rl %‘Qr?égpgﬁé P d1Pfleren ordAIp ggs oaiI tHe M elements in the

sequence. The multiple basis vectors may be formed further based on a particular

channel model, e.g., a channel model with linearly varying time component and linearly
varying frequency component, as shown in equation (7). The received pilot symbols
may be processed with the multiple basis vectors to obtain a channel estimate for the
transmitter, e.g., as shown in equations (8) and (11) (block 816). The received pilot
symbols may also be processed with at least one other basis vector to obtain a noise and
interference estimate, e.g., as shown in equations (8) and (9) (block 818).

[00103] For block 814, each basis vector may be formed based on an original version
and a flipped version of the sequence, e.g., as shown in equation (22). Alternatively,
cach basis vector may be formed based on four versions of the sequence, ¢.g., as shown

in equation (23). In any case, the multiple versions of the sequence may be used to



700 includes neans for generating pilot synbols for a
first cluster in a tinme frequency bl ock based on a

WO poossdeguence (nodul e 712), neans for gener ae¢TS2008/050136
pil ot synbols for a second clustér in the tine
frequency bl ock based on a second sequence (nodul e

714), nmeans for generating.pilqt synmbols for a third
9GP OF %YH@)OH_ T fequtity grsek BGcb g HOF [gols are
SRAMERL LA the EdHEDrARAHAP GGk RYBIRK716) . means for
denerating pilot synbols for 'a fourth cluster in the

[a0841f r etpu dhak Sil6o ataltyzds edmpltextadues de.gndw,g ¢ auegniseolotrinad based
fourth sequence (nodule 718), and neans for
on dns piodtictn @f tergeeived pgyiniyohtsols withitbe muleslp desis wectors, e.g., as

| usters (nodule 0). The first, second, third an
st i SebUBRRE A5 THOPG Ao uDSRCE BB e dngis complex
VAludiiddientRBt o o4 8 GagVKHth 815 gtk Zof Ghel Bhe NRYqUEREP bIcRR, a sccond
processors, electronics devices, hardware devicCes,

edreplex orlugsindigatpenehekanneloyirgsion gcrossiftequensgnsnrd eghird complex
et.c.,. @r an opbi nati on .t hereof. .[001 |G 8 shao
S ndho B of ARRMBTCBRGOLIRED i®, T8 cBudie) SHRPRHE for e

RLOeEES Phl Ve deised \baskd 60 MhORRIYe RBMPlckr RG] blggr#. shown in
Process 800 may be perfornmed by a base station to
ﬁﬂ@@@%é”ﬁilot received on the reverse link fromone or

1651 N3 ﬁlov?sré’%l@ﬁg% t%@Qtn ) a&bﬁ%d%e%og%ﬁf)&'éﬁﬁ% r%%}]s%d pilot.

ermnal to process pi received on t orwar
Apparatas e iretwalcs ancaherfoobtadmingureivaly eilst, sywhisrle feme multiple

| ayer may .be consi dere S S rate transmtter. The .
FluRiErs8rd Hidy ff%agnoaeblaabg@eﬁgf ST bmgns ot %rﬁ%ﬁchaogdnulﬂple
bies {ERRSitd Rlultipy VERidhs I I RN QM as@iglﬂ@d;?o al@ds@itter (module

Recei ved pilot synbols nmay be obtained fromnmultiple
214)smenrs fonpacedismeg the expabnd pilbl yokboldwik khegmhalyiplcHmsls vectors to

e it o3 Bt Pade e gty TS e ey Pocessing the
tdebivek PBbd)symbbR SRAULNEStNBHE b6l BEEs Mcelof 1B Nibiain aN@oise and
the nmul'tiple versions of the sequence may correspond

ingergfirgicer entimagt deenlgsoby). « Hae vmalteleressidng efhéhe sequence may

?&%%ﬁgfc{s‘rg d-{ﬁfg e%&rﬁét@t{;ﬁ% 0*%%?&‘:n§en¥sel LRL S qﬁ&%’cgb%&%ﬁé@lz to 918 may
urther based on a patticular channel” nodel, e€.9., a

chapel prooesbrsWelcbtrbnite deviyesy dbsdwige deics; widdait @hthonents,

| inearly varying frequency conponent, as shown in

kgirat sigteANCMates, plsc OF dRHCPNPIBLIREISPS may be

E{]ﬂg gﬁ;ls elglsf:}@'{eénhgtlcglgg g%&%i&«iécplllé?eﬁ%a{ysbeviﬁﬁatlé:}ﬁétlt&?b}ppérﬁjug nfkans. For
example, these techniques may be implemented in hardware, firmware, software, or a
combination therecof. For a hardware implementation, the processing units at an entity
(e.g., a terminal or a base station) may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors,
electronic devices, other electronic units designed to perform the functions described
herein, a computer, or a combination thereof.

[00107] For a firmware and/or software implementation, the techniques may be

implemented with modules (e.g., procedures, functions, etc.) that perform the functions

described herein. The firmware and/or software instructions may be stored in a memory



transmtter, e.g., as shown in equations (8) and ( 11)

(bl ock 816). The received pilot synbols may al so be
wee@sesaed with at | east one other basis vect oPCT/US2008/050136

obtain a noise and interference2¢stimte, e.g., as

shown in equations (8) and (9) (block 818). [00103]

For bl ock Si ector, may be forned based
- aﬁ‘?e@Png‘e?éb r%ﬁ ]% %&d aﬁf 66%%“?}’2‘%? BYPCBTSOL ¥ed-» processor
$ARUEAGEor BR0Y: ThaSncHiWMindy beSiftAtrh Qe d @'@un the processor or external
Al'térnatively, each basis vector may be forned based
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symmetri c about the center of the tine fre guency

pleaeky (FROYD4gIcrtsealbi erasebi1l BROMIEERR@MDopASK tnamges compact
b dot products of
?h%g?% ﬁ%gﬂg%rgﬁwghl ¥8g§§?%g%ﬁ§&hultlple basi s
0ea 08 s Tlﬁ Igewoassd@bﬁpmibn of e Wkdcladare(i8)provitkal m.ld:ﬂabm @y person
caonpl ex val ues may conprise a first conplex va

platiec i the artde mpke 9y apathe diickases Yigys Ffaﬁdlﬁfr?éww ieethe disclosure
INE]I? qu ‘?F’e&ﬂlg Q%%nt b #6650 ng*lg@ APhRXarY, aelnﬂethé %gﬁ"‘r%faﬁﬁclﬂgs defined

anne tion across frequency, and
ool exy balappimdrtdlottlaﬁrlwaamﬂnsoh]ahmm Idepanngfmnntha(sptu'ss;)r scope of

i me. The channel timate .for the transmtter
e e s el then @SR T 0P &k ShipR F%i%mteé [ thea?amples
§EeMBed RerBRUAKTiIO R be llééorde[cp@l%q{?ﬂdeﬁls@b egccﬁﬁ%‘{@lt @wﬂlet?nle Pinciples
of an apparatus 900 for processing recelved pi |
t testue@0lisahesed dersimeans f or obt ai ni ng recelved
pilot synbols fromnultiple clusters in a tine
frequency bl ock (nodule 912), neans for form ng each
of nmultiple basis vectors with multiple versions of a
sequence assigned to a transmtter (nodule 914), neans
for processing the received pilot synbols wth the
mul tiple basis vectors to obtain a channel estimate
for the transmtter (nodule 916), and neans for
processing the received pilot synbols with at | east
one other basis vector to obtain a noise and
interference estimate (nodule 918). The nultiple
versions of the sequence may correspond to different
orderings of elenments in the sequence. Mdules 912 to
918 may conprise processors, electronics devices,
har dwar e devi ces, el ectronics conponents,



| ogical circuits, nenories, etc., or any conbi nation

thereof. [00106] The techni ques descri bed herein may
wheoosipdienent ed by vari ous nmeans. For exanpl e, PETTESM™08/050136

techni ques may be inplenented inashardware, firnmnare,

software, or a conbination thereof. For a hardware

i npl ementation, the processing units at an entity

(e.g., atermnal or a ba ]-égm&)n) may be

' e i n one or nore application specific

Vﬁ?ﬁgﬁggééﬂ%¥¢éﬁ$ts (ASICs), digital signal processors

(DSPs), digital signal processing devices (DSPDs),

programabl e | ogi c devices (PLDs), field programrmabl e

gate @rraygmgﬁggwﬁgcoﬁ@ggﬁ%sors, controllers,

m cro-control oprocessors, electronic

devi cepro@sivercoefigoed daigenemict piladeyngobdfdra fiest fobusar in a time

described herein, a co

he f [ t
SHSTRADIOSK, BT Bbf . I BTOPEerbK 18 ST PP IOt SHaIpals for a second
SR e R RABEHAT O bkt PO ANG AR aft

i npl emented with nbdul es (e.g., procedures, functions,

etc. )anwauﬁpemmMWthh@pﬁnﬂEOHons descri bed herein. The

firmvare and/or software instructions may be stored in

a menory(e.g., nmenory 142x, 142y or 182 in FIG 1) and

execuped th@aﬁfa@&@§§Ma1ﬁﬁl Owherdih WEELHHOANdLEYnd 4N RE include

180). The nmenory may be |nplenented within the

PRTBEER slemagts aésapé@dnlall diffgreptadessocessor. The firmare

and/ or software instructions may al so be stored in

ot her processor-readabl e nedi um such as random access

rrerrgr §. ( RAWhe apmastuool yla[mlr\l;’?ﬁxme(eﬁaﬂe, elélg:antvm ﬂiaei deecl)nd sequence

random access menory ( NVRAI pr ogr e read-only

PRSI AV er V@rfé@ﬁm%%ﬂ th clepicatspn %@i\ﬂeamﬁm

FLASH nenory, conpact disc (CD), nmagnetic or optical

data storage device, etc. [00108] The previous

descr #pt i ofho#praneudofsdaios Urvehdrsin phopila egmbols ém gzl second cluster

any rson ski make.or use the

Fe s PERe i hparbtisiort Prs atmboRs it (e <6 P agenter of the
WinklfrdBBedc§atbdky apparent to those skilled in the art,

and the géneric principles defined herein may be

applied to other varlatlons mnthout departlng fromthe

(Sj|pls£;: S(lj{ eiﬁ% QI?P(? Psrl(tl;]fe de d e6e1n Ithe ngr{)%e&s?r 1S {;(F]nﬁgured to generate

X ph®slsdess tHikeduderiaitie tbmb fie§uérRy ok MA@ th MRt sequence,
wi dest scope consistent with the prlnC|pIes and novel
ahtogcasragy Rt symholsdpep hourthagiygger in the time frequency block based on

the second sequence.



VWHAT IS CLAIMED I S: 1. An apparatus conprising: a
processor configured to generate pilot synbols for a

w0 peogosaluster in a time frequency bl ock basedP@rUS2008/050136
first sequence, and to generate?2pil ot synbols for a
second cluster in the tinme frequency bl ock based on a
second sequence; and menpry caupled to the
pr ocegsor e am%atasp%%l%ifrﬂg vgrerep SiRrecesigies e9migupl to generate
hilstSinMBR BLSANEH SIHHALLHCES tinRChUARNGPHIIPE L&A fird sequence,
arranged in different orders. 3. The apparatus of
aidaforgeRgratgmeloe Bymbdle f@l acfoprih sluster irhéie sispomeluseguilndebased on a

re.in a reverse order with respect to the elenents in

ﬁwgh§FW§?C%equence. 4. The apparatus of claim1,
wherein the pilot synbols in the second cluster are
symetric with respect to the pilot synbols in the
first7clustbe appoatus fcdnep, gherdie thq festf pesgadnidyrd and fourth
...5. 1The r i . rejn the

gljgcée g gﬁrChfds% ngﬁoﬁlg%%%%lt? %H%Aeg% (ei Fllé\% 1effepl ?8fde§5ynbol s for

a third cluster in the tinme frequency bl ock based on

the first sequence, and to generate pilot synbols for

a foubth clhseRnaratys efdaipy hevhorep enRigcospdk cofigagrddn generate

ngl&%ﬁ%@lssi%g W&t @lust-gpﬁas%? RAMNG Sm&fts & e Rrde se_q}lence, and to
rein the processor I's configured to generate pilot

senrioé M fpolot aymbols dorcthesteeond nlustee bededeort Meglgerrats in the second

bl ock based gn a third sequence, and to generate pil ot

%f‘sﬂﬁﬁ%eswﬁﬁrfe 1 %‘Pf%%grlﬁ?g% MR he tine frequency

bl ock based on a fourth sequence. 7. The apparatus of

claim6, wherein the first, second, third and fourth

sequefices Thelapprratus mitieiel &nehersinatheafigedequance is assigned to a

i ff : . .8 T f clai , '
il LRt o D SRR SRa B it MR B o
syl forftiey fitsh€udter st cl uster based on Melenents in

the first sequence, and to generate M pil ot synbols
for the second cluster based on Melenents in the

2 ﬁ g ongy Seqygg %ﬁparmg 'of MitS1 ,thjetjgfnegl% @ G §leoh Aquences are

assigned to a terminal, wherein the first sequence is orthogonal to a first set of at least

04

one other sequence assigned to at least one other terminal for the first cluster, and
wherein the second sequence is orthogonal to a second set of at least one other sequence

assigned to the at least one other terminal for the second cluster.

11. The apparatus of claim 1, wherein the first sequence includes elements in

a column of a Fourier matrix.

12.  The apparatus of claim 1, wherein the first and second sequences each

include three elements used to generate three pilot symbols for one cluster.

13.  The apparatus of claim 1, wherein the first and second sequences each

include four elements used to generate four pilot symbols for one cluster.

14. A method comprising:



9. The apparatus of claim 1, wherein the first
sequence is assigned to a termnal and is orthogona

W@ 200a08d1east one ot her sequence assigned to atPCEEHS1008/050136

one other termnal for the first7cluster. 10. The

apparatus of claim11, wherein the first and second
sequences are assigned_to termi nal, wherein t

first STEHIBEUIOf Sgbaln éqgf&nﬁlrst plystar 1 4 Gme éetqustfcygﬁock based on a
hRastquene; ider sequence assigned to at |east one

other termnal for the first cluster, and wherein the
secongerseugnilot spnbols hagoseabnd olustes axcibndinsefre@fenay block based
| east one ot her sequence assigned to the at | east one
8?%8?”?@?%Pﬁgﬁlfor the second cluster. 11. The

apparatus of claim1, wherein the first sequence

i ncludes elenents in a colum of a Fourier matrix. 12.

The appar af be msthod] ofickim, 14amererdim thenfarst andstecenthisesaensgy include
ch..i e enents used to generate

?%%égﬂgﬁ 5$a§€ﬁ%g%£ﬁg§g&%%%%g%53ter. 13. The apparat us

of claiml1, wherein the first and second sequences

each include four elenents used to generate four pilot

symbol& f of hoRsthod g clegm 144furthereanppstping:

COMDY | SicRGmIGNBE Rirhls Rirathird ¥ITRRE $n @ indt £ lock

ol uot B e TR! Sl R i TR B ey plock based on

teduarnscguenaaidindener at i ng pil ot synbols for a second

cluster in the tinme frequency block based on.a secopd
SequeATIETAing DlohavRBeldof ORI AR Thh &P HqEcy Dlock based
bh IRtscadfd 2§&QRE sequences include common el enents

arranged in different orders. 16. The nethod of claim

14, further conprising: generating pilot synbols for a

third, ¢luster in th I frequency bl ock based on the
vt equbhemerond® chirliia AEGEENRRRLRE S PasPl OF

f ourt Berfetdtmib&ilot Byrhhigs FdrnBhfrd @RRR G theltiekfrpRaely Bldck based on
t he second sequence. 17. The nethod of clai m 14,

# thixdeausaptidsi ng:

generating pilot symbols for a fourth cluster in the time frequency block based

on a fourth sequence.

18. The method of claim 14, wherein the first and second sequences are
assigned to a terminal, wherein the first sequence is orthogonal to a first set of at least
one other sequence assigned to at least one other terminal for the first cluster, and
wherein the second sequence is orthogonal to a second set of at least one other sequence

assigned to the at least one other terminal for the second cluster.

19.  An apparatus comprising:

means for generating pilot symbols for a first cluster in a time frequency block
based on a first sequence; and

means for generating pilot symbols for a second cluster in the time frequency

block based on a second sequence.

20. The apparatus of claim 19, further comprising:



generating pilot synbols for a third cluster in the
time frequency bl ock based on a third sequence; and

w@eeensiling pil ot synbols for a fourth cl usterP@CrUs1968/050136

time frequency bl ock based on a28ourth sequence. 18.
The nethod of claim 14, wherein the first and second

sequences are assigned to a termnal, erein the,.
first n@%&@%@ﬂ?@ﬂ § (g swAPols i afthﬂfrémg%?r i thgtime frequency

bRes baRaenWdEkst %ﬂb’@d&?&oﬁ%i gned to at |east one
other termnal for the first cluster, and wherein the

seconueseqite reeciagng ptlbogonizils for a festoddstsein dfc tane frequency

%@3@& oge ?ther sequence assigned to the at | east one
RePAYR PR NA Pt SYIHE Second cl uster. 19. An

apparatus conprising: nmeans for generating pil ot
synbols for a first cluster in a tinme frequency bl ock
based2bn aTh¢ prnaraepefcaieiat 1% fherthes sprapfigng.gener at i ng

i | |s for.. ' ' i
Frequihidh Bror il g SrButaRE e Ll e’ B frequoncy

Blpplabadet nafthied sdqied@; afdir t her conpri si ng: neans for
generating pilot synmbgls for a third cluster in

t he
tinme PeaulsEperiek PHasBEmbms forea foyrt clysigahthe; tigp drequency
mﬁeggmkgbngqggm§&%@g?gilot symbols for a fourth
C

uster in the ti requency bl ock based on the
second sequence. 21. The apparatus of claim 19,

furth conpri si ng: s for. generat.ing pilot synbols
for asthi 8 eIGSLOrTHARRemETHE FUUIEh Y BIDER ey thercon
& iﬁﬁng sequence; and neans for generating pil ot

synbols for a fourth cluster in the tine frequency
bl ocka Wasteidstoustion fseufarrgenetieg edot gv¥mbals for a first cluster in a time

BE 8RG8 Bloah BBRE g BRI HILEAT 20 § 1St T lch on set
for ge @&foﬂﬂiim{iblﬂhet%ﬂ@@ieﬁatfn@rpiﬂ)t £yhBéls EbrUs te@ond Bludter in the
‘Eirlnrg?requency block based on a second sequence.

23.  An apparatus comprising:

a processor configured to obtain received pilot symbols from multiple clusters in
a time frequency block, to form each of multiple basis vectors with multiple versions of
a sequence assigned to a transmitter, and to process the received pilot symbols with the
multiple basis vectors; and

a memory coupled to the processor.

24.  The apparatus of claim 23, wherein the multiple versions of the sequence

correspond to different orderings of elements in the sequence.

25.  The apparatus of claim 23, wherein the processor is configured to form

each basis vector based on an original version and a flipped version of the sequence.

26.  The apparatus of claim 23, wherein the processor is configured to form

cach basis vector based on four versions of the sequence used to generate pilot symbols



frequency bl ock based on a first sequence; and a
second instruction set for generating pilot synbols

w0 osas@econd cluster in the time frequency blRPCRUBNSE50136

on a second sequence. 23. An apparatus conprising: a
processor configured to obtain received pilot synbols

rommultiple clusters in i.me frequency, bl ock, to .
Ksrhe BBAPDE Ty e il sayBolsdtiins: ST HC Py fopenter of the time
MeLRhePBloek, @ sequence assigned to a transmtter, and

to process the received pilot synbols with the
mul tiple basis vectors; and a nenory coupled to the

processor..24. The a r at of clajm23 wherein.the

it are VAR ety B RaR &3 She STt T SO o form
thefrh@tipR bagisdREloRgRirMEr BAse®AtaScHainélNBo&e GBNGRarlg Sarying time
The apparatus of claim23, wherein the processor Is
eampongot @y lingarly vayercicdygasyscopaeoneit: based on an

original version and a flipped version of the

sequence. 26. The apparatus of claim 23, wherein the
procesgor ke agmkdtguotelaino23 ovtvreiache pasessovsbafigured to obtain
based on four versions of the sequence used to .
et acempler grlusy pptdsarodotiiadupty of {edeeatyrsh Rifat sympels with the
Bl B e P iy BUTPA heEbincl, K By it Jpased on the
wihérpde cormplex paloeessor is configured to formthe

mul ti ple basis vectors further based on a channe

nodel with linearly varying tinme conponent and

lineapdy VahyiHPafatiRIEENGYint VBPOPEGEIN 4R mdliple complex values
apparatus of claim 23, wherein the processor is

eonfrisguz ddstt econplemivialusuindioptiec obrmpl escragsl chesndlagan fon the time

ﬁﬁt(ﬁfogyc%s of the received pilot synmbols with the
i BY %&sis vectors, and to derive a channe

estimate for the transmtter based on the nultiple
conpl ex val ues. 29. The apparatus of claim 28, wherein

the mddti plle capmpregs ohlded dfnprhaeinathe myltiglenpereplex values
{Y(Iﬂhn@'?ﬁpl DAL G éo\ﬁ&lg{ Kﬁﬂe RURLA9E FARANE v aB i Sh efc%sstfg%[uency and a

requency
third complex value indicative of channel variation across time.

31.  The apparatus of claim 23, wherein the processor is configured to obtain
at least one complex value based on dot product of the received pilot symbols with at
least one other basis vector, and to derive a noise and interference estimate based on the

at least one complex value.

32. A method comprising:

obtaining received pilot symbols from multiple clusters in a time frequency
block;

forming ecach of multiple basis vectors with multiple versions of a sequence
assigned to a transmitter; and

processing the received pilot symbols with the multiple basis vectors.

33.  The method of claim 32, wherein the multiple versions of the sequence

correspond to different orderings of elements in the sequence.



30. The apparatus of claim?29, wherein the nmultiple
conpl ex val ues conprise a second conpl ex val ue
W0 pBostlive of channel variation across frequePClUs2vds8/e50136
third conpl ex value indicative @0 channel variation
across tinme. 31. The apparatus of claim23, wherein
the processor is configured to obtain at |east one
conpl ex val ue based on dot product of the received
pi | ot 38yMDQLS Mithdy ¥ SRS B2ORGMCRLINGhe BRS de§sﬂ§‘%ﬁ9rrecelved pilot
and to derive a nolse and interference estlnma based
gmbdiewith theashtipbnessorplosxcongirises 32. A net hod
conprisin ob a|n| recejve ilot.s
ol 11 B, SELRL FARleE RS Pafiet gStatit ph R mgeived pilo
Santblofvithhd inpltp 1 PIRSisSc¥Red, @i W th nul tiple versions
of a sequence assigned to a transm tter; and
pr oceé@i‘ﬁ@g gihannet epimatedor dic Egnspulter hgsedh op ke multiple complex
3%7 IJ ple basis vectors. 33. The nethod of claim 32,
eréin the multiple versions of the sequence
correspond to different orderings of elenents in the
sequence. 34, The net hod of claim 32, wherein the

proceddi ng The, gethodeqfiedmpi4. dfhegei}mglgﬂ glumpllqa,cqrwélex values comprise
Mrﬁt‘ B lgﬁg)aﬁle ﬁﬁfc five GPRARM Ve %ﬁﬂ@'%l%e%ij {h'eptllrﬁe frequency

conpl ex val ues based on dot products o recei ved
pliokkta sqcnh)ab lcempiek Watdeelndluhm\repd)feclhasélsrameMma@pssaﬁn@lluency, and a

gﬁg|V|n han te for the transn1tter based
droqan ‘Gﬁa‘i‘r‘ﬁﬂ @8 i xariation acsS Ut hod of

cl ai m 34, mhereln the nmultiple conplex val ues conpri se
a first conplex value indicative of an average channe
gain for the time frequency bl ock, a second conpl ex
val ue indicative of channel variation across
frequency, and a third conpl ex val ue indicative of
channel variation across tine.36. The nmethod of claim
32, further conprising: obtaining at | east one conpl ex
val ue based on dot product of the received pil ot
synbols with at | east one other basis vector; and



deriving a noise and interference estimte based on
the at | east one conplex value. 37. An apparatus
W@ 9p3ding: nmeans for obtaining received pil oRCHYAO$/E50136
frommultiple clusters in a tinmdlfrequency bl ock;
means for formng each of multiple basis vectors with

mul ti SIO of e assigned to a
transﬁ%tte C N Oﬁéﬁﬁgnpga g?%ﬁ%%gmﬂ e received
pi | ot o%mbi@f a I@ASE Bnd @@mﬁ‘& L Rl & abas s défteﬁb@ﬁcst of 3% ref&fed pilot

appar at us claim 37, wherein the neans for
ﬂmﬂmgmthgt tehe orneoélevb@slqavdcmr gydbol s with the

mul 1 B st TR RO e e G e complex
vg6ei ved pilot synbols with the nmultiple basis

vectors, and neans for deriving a channel estimte for
the transmtter based on the nmultiple conplex val ues.

39. Tgfo?po %@?5%“8 afmﬁ%g%t onfurther conpri si ng:

means ng e conpl ex val ue based

on doineprisohtcibtgihingh@ceieakipiledsyanbalt feymbalispia diist@s in a time
| east one ot her basis vector; and neans for deriving a
fiefusacwhleckint er f erence estimate based on the at | east

one Cg{%‘ﬁ“ eﬁ)r\%@hﬂﬁ e%@h df‘rﬁ’dlﬁgl%t Qf-verdablif ﬁﬁﬂfﬁ)g ersions of a

i ncl udi ng I Nstructions store ereon, conprisi a
$dqusnceiasspnadctbiagransmittet:omdobt ai ni ng r ecei ved pi | ot

synmbols frommultiple clusters i fre
o1 oo RmaaiRD R it G febR e Satorg e lonih e dRp gibesis vectors
multiple basis vectors with nultiple verS|ons of a

sequence assigned to a transnmtter; and a third '
i nstr3®ti oiﬁh@eqppat@tuSpofwé@mi Ag Mﬁl@remedhé vigangi fogt processing  the

?e%gi?fg(li Is)ilc\)l¥| stypnbE)Ps wﬂyé In’i)ulte ple %gélg Vé/C%OI'S cornprlses

means for obtaining multiple complex values based on dot products of the
received pilot symbols with the multiple basis vectors, and

means for deriving a channel estimate for the transmitter based on the multiple

complex values.

39. The apparatus of claim 37, further comprising:

means for obtaining at least one complex value based on dot product of the
received pilot symbols with at least one other basis vector; and

means for deriving a noise and interference estimate based on the at least one

complex value.

40. A processor-readable medium including instructions stored therecon,
comprising:
a first instruction set for obtaining received pilot symbols from multiple clusters

in a time frequency block;



WO 2008/086110 PCT/US2008/050136
32

a second instruction set for forming each of multiple basis vectors with multiple
versions of a sequence assigned to a transmitter; and
a third instruction set for processing the received pilot symbols with the multiple

basis vectors.



