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wi rel ess communi cati on and anongst other things pilot
informati on transm ssion in an orthogonal frequency
di vision w rel ess communi cation system I1. Background
[ 0004] An orthogonal frequency division nultiple
access (OFDMA) systemutilizes orthogonal frequency
division nultiplexing (OFDM. IOFDMis a nulti-carrier
nmodul ation techni que that part itions the overall
stem bandwi dth into rrultl ort hogonal
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SY¢¥M ed tones, bins, and frequency channel s. Each
subcarrier is may be nmodul ated with data. Up to N
nodul ati on synbols may be sent on the N total
subcarriers in each OFDM synbol period. These
nodul ati on synbols are converted to the tinme-domain

Wi th an N-point inverse transform (1 FFT)
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[0005] Tn a frequency hopping communication system, data is transmitted on different
frequency subcarriers in different time intervals, which may be referred to as “hop
periods.” These frequency subcarriers may be provided by orthogonal frequency
division multiplexing, other multi-carrier modulation techniques, or some other
constructs. With frequency hopping, the data transmission hops from subcarrier to
subcarrier in a pseudo-random manner. This hopping provides frequency diversity and
allows the data transmission to better withstand delcterious path cffects such as narrow-
band interference, jamming, fading, and so on.

[0006] An OFDMA system can support multiple mobile stations simultaneously. For a
frequency hopping OFDMA system, a data transmission for a given mobile station may
be sent on a “traffic” channel that is associated with a specific frequency hopping (FH)

sequence. This FH sequence indicates the specific subcarrier to use for the data



stations may be sent sinultaneously on multiple

traffic channels that are associated with different FH
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ort hogonal to one another so that only one traffic

channel, and thus only one data transm ssion, uses

each subcarrier in each hop period. By using

ort hogonal FH sequences, the nultiple data

transm ssions generally do not interfere with one

anot her while enjoying the bengfits of frequency

diversity. [0007] An accurate estimate of mﬁr?l?ss )
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used for both pilot and data transmission.

SUMMARY
[001] In an embodiment, pilot symbol patterns are provided for pilot symbols
transmitted from a mobile station or a base station. The pattern allows for improved
receipt and demodulation of the pilot symbols transmitted. The selection of the pilot
patterns may be based upon a frequency selectivity of the user and a frequency selective

threshold.



patterns nmay be based upon a frequency selectivity of

the user and a frequency selective threshold.[002] In
waewrvsamal enbodi ments, schenes for inprovi ngPeTES2006/060336

ability to nultiplex pilot synbols wthout

interference and/ or biasing fromdifferent nobile

stations in a same sector of a base station over the

same frequencies and in the sane tine slots in an OFDM

system arc provided. [003] In further enbodinents,

schemes for reducing the bias dr interference for

pilot synbols transmtted fromdifferent nobi/l
[902} il additiansleghsbienig, dicres doe FIPIREIMEHE ability to multiplox pilot
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system according to an enbodi nent; [007]
illustrates a spectrum allocation schene for a
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0 an enbodi ment %A 3Billustrates a blo
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bl ock dlagra ot assignment schenes according

Imomgmmmemiwhb@dlnents [0011] Fig. 4Aillustrates a

B LT ST e SECSPR SR MR s pecortio o
af eabblintait;scheme accordi ng to anot her enbodlnent;

[007] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless
communication system according to an embodiment;

[008] Fig. 3A illustrates a block diagram of a pilot assignment scheme according to an
embodiment;

[009] Fig. 3B illustrates a block diagram of a pilot assignment scheme according to
another embodiment;

[0010] Figs. 3C-3E illustrate block diagrams of pilot assignment schemes according to
further embodiments;

[0011] Fig. 4A illustrates a pilot symbol scrambling scheme according to an
embodiment;

[0012] Fig. 4B illustrates a pilot symbol scrambling scheme according to another
embodiment;

[0013] Fig. 5 illustrates a base station with multiple sectors in a multiple access
wireless communication system according to an embodiment;

[0014] Fig. 6 illustrates a multiple access wireless communication system according to

another embodiment;



[0013] Fig. 5 illustrates a base station with nultiple

sectors in a multiple access wireless comuni cation
wayevemigaccor di ng to an enbodi nent; [0014] Fi gpCBUS2006/060336

illustrates a nmultiple access wireless comuni cation

system accordi ng to anot her enbodi nent;[0015] Fig. 7

illustrates a bl ock diagram of an enbodi nent of a

transmtter systemand a receiver systemin a

mul ti-input nmulti-output nultiple access wreless

4€onmmuni cation system [0016] Fig. 8 illustrates a flow

chart of a nethod of pilot synbol generation accordin
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sector of base station 100. Mbile station 108 isin

communi cation with antenna 104, where antenna 104

transnits informat DAATAIIBD DESCRIRBRIONS over

forward link 1 d f t f noDbi .
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106 transnits information to nobile station 110
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uhhyedafoe ed@smgm group Sratrgeirespoads to ©8ecieT afdmes platon 400. Mobile

SR L Lo 5B b 10 SROECUTER 101 s
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b tils b on el b’ FREB 142 aonft st 31635 QT cation win
bhoeafla S08] erel &@tbnhorlaﬁommmmﬁmﬁognmarh td heobile station 110 over
tfgrrwrgrg hlnk 118 and receives information from mobile station 110 over reverse link
116.

[0020] Each group of antennas 102, 104, and 106 and/or the area in which they are
designed to communicate is often referred to as a sector of the base station. In the
embodiment, antenna groups 102, 104, and 106 each are designed to communicate to
mobile stations in a sector, sectors 120, 122, and 124, respectively, of the areas covered
by base station 100.

[0021] A base station may be a fixed station used for communicating with the terminals
and may also be referred to as an access point, a Node B, or some other terminology. A
mobilc station may also bc callcd a mobilc station, a uscr cquipment (UE), a wircless
communication device, terminal, access terminal or some other terminology.

[0022] Referring to Fig. 2, a spectrum allocation scheme for a multiple access wireless
communication system is illustrated. A plurality of OFDM symbols 200 is allocated
over T symbol periods and S frequency subcarriers. Each OFDM symbol 200



and may al so be referred to as an access point, a Node

B, or sone other term nology. A nobile station may
wab®o/obadcal | ed a nobile station, a user equi pPE&NUS2006/060336

(UE), a wireless comunication device, term nal,

access termnal or some other term nology. [0022]

Referring to Fig. 2, a spectrum allocation schene for

a multiple access wirel ess conmuni cati on systemis

illustrated. A plurality of OFDM synbols 200 is

al | ocated over T synbol periods and S frequency

subcarriers. Each OF synbol 200coppri.ses one synbol
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the basc station. The assignment of pilot symbols to the symbols 204 should preferably
support space division multiple access (SDMA), where signals of different mobile
stations overlapping on the same hop region can be separated due to multiple receive
antennas at a sector or base station, provided enough difference of spatial signatures
corresponding to different mobile stations. To more accurately extract and demodulate
signals of different mobile stations, the respective reverse link channels should be
accurately estimated. Therefore, it may be desired that pilot symbols on the reverse link

enable separating pilot signatures of different mobile stations at each receive antenna



region 202 are assigned to pilot synbols that are

transmtted fromthe nobile stations to the base
wa@e@rioamn9o The assi gnnent of pilot synbols to tPEr/US2006/060336

synbol s 204 should preferably support space division

mul ti ple access (SDMA), where signals of different

nmobi |l e stations overl appi ng on the sane hop regi on can

be separated due to nultiple receive antennas at a

sector or base station, provided enough difference of

spatial signatures correspondi fig to di fferent nobile

stations. To nore accurately extr ?nd denodul at e
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term of a Taylor expansion, and the linear component, a first order term Taylor

expansion, of the channel across the time and frequency span of the channel. Generally
estimation accuracy of the constant component is independent of pilot placement. The
estimation accuracy of the linear component is generally preferably achieved with pilot
tones located at the edges of the hop region.

[0030] Pilot symbols 302 and 322 are arranged in contiguous pilot symbol clusters 304,
306, 308, and 310 (Fig. 3A) and 324, 326, 328, and 330 (Fig. 3B). In an embodiment,
each cluster 304, 306, 308, and 310 (Fig. 3A) and 324, 326, 328, and 330 (Fig. 3B)

within a hop region, has a fixed number, and often the same number, of pilot symbols



sufficient to estimate the channel for a given nobile

station. As such, it is preferred to estimate a pair
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denodul ati on of synbols fromthe nobile stations,

namely the constant conponent of the channel, a zero

order term of a Tayl or expansion, and the |inear

conmponent, a first order term Tayl or expansion, of the

channel across the tinme and frequency span of the

channel . Generally estimation7accuracy of the constant

conponent is independent of pilot placenent. The _ )
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ﬁﬁleggé Lfﬁlﬂ;dl pEﬁBE'.er than tine

[0032] One rationale behind a “horizontal” shape of the contiguous pilot symbol
clusters of pilot symbols 302 is that, for channels with higher frequency selectivity, the
first order (linear) component may be stronger in the frequency domain than in the time
domain.

[0033] Tt should be noted that one or more pilot symbols in each cluster, in the
embodiment of Fig. 3A, may be at a different tone than one or more pilot symbols in a
different cluster. For example, cluster 304 may be at tone S and cluster 306 may be at

tone S-1.



selectivity, pilot synbols 302 are located in

contiguous pilot synbol clusters 304, 306, 308, and
W@1®706tibo each pil ot synbol cluster 304, 306, BOBUSHNE060336
310 spanning a multiple synbol periods and one

frequency tone. The frequency tone is preferably

chosen to be close to the edges of the frequency range

of the hop region 300, however, not exactly at the

edge. In the enbodi ment of Fig. 3A, none of the pilot
symbol s 302 in a given cluster8B are at the edge

frequency tones and in each cluster only pilot sy
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one S and cl uster 306 (¥ be at tone_S-|
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@Jcﬁ RALLRG G Bérfbbﬁgﬁle@ﬁ; iéirhdkifn@b S mldh@md fr&ﬂiéﬁﬂﬁ Mubcarrier.

ectivity, 6t synbols 322 are arra
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&Hb&ﬂfrfelnﬁbﬁﬁgITBB bﬁylbﬁ&iskﬁ@ﬁeﬂ fasa ﬂﬁ'fdremfsytrfh)el pédiat than one or more

nbol s, since there |Iot s 322 . that .
ott ﬁgnlé(&g dB aofllffqg%nthglgg/tplégl ;}f%%gvgl} %34 ARY, é)e & dlfferegt
p@ﬁeajﬂmgmehg@rggg_ 3B, only one pllot synbol in
each Ccluster may be assigned to the maxi num_ar Tiﬂé p1
an pilot patterns

{0039 L Avddjtiensblyapy flenicted gp ) ebpdiments o Sdgsrert
de ﬂrgh%gd s8 tﬁétgchﬁ PRisteds, Cﬁﬁn@% ¥ Rnhizaberid 1309 dnd 324, 326, 328,

Sel'e ve a typical paftern that may
ot asmelﬁgb%B)a aﬂeczprpfwrmly eytnmetmm%ﬂtbai@&p@ﬁtrméh%@ﬁeﬁ eri‘he hop region.

%B% gglj%.lnf’ettlyyms s erl Iﬂﬁ%%/ 16 BleCGhtef ' dFnd ﬁ{)}% reg'%@ﬁ may provide

e note one Or nore
&m?@@ls@ simulmhus: bstghation of]tltehmaentiomthanwegf tarigne Rl frequency

be a i}gne o a different synbol period than one
ﬁ%ﬁéog §W%bols inadifferent cluster. For

Wﬁpl@,ehsﬁm%ee hoRd4haBywhile Bigs.dBAf &#1EBB depict four clusters of pilot
symbols per hop region, a fewer or greater amount of clusters may be utilized in each
hop region. Further, the number of pilot symbols per pilot symbol cluster may also
vary. The total number of pilot symbols and pilot symbol clusters are a function of the
number of pilot symbols required by the base station to successfully demodulate data
symbols received on the reverse link and to estimate the channel between the base
station and the mobile station. Also, each cluster need not have the same number of
pilot symbols. The number of mobile stations that can be multiplexed over a single hop
region can, in an embodiment, be equal to the number of pilot symbols in a hop region.

[0039] In addition, while Figs. 3A and 3B depict pilot symbol clusters designed either

for channels having frequency selectivity or time selectivity the pilot pattern may be



synbol period T than cluster 326. [0037] Additionally,

as depicted in the enbodi nents of Figs. 3A and 3B,
w@edoohspaiterns are provided so that the cl ustreBHUSBO6060336

306, 308, and 310 (Fig. 3A) and 324, 326, 328, and 330

(Fig. 3B), are preferably symetric wth respect to

the center of the hop region. The symetry of the

clusters with respect to the center of the hop region

may provide inproved sinultaneous estimtion of the

channel with respect to tine &d frequency responses

of the channel. [0038] It shoul d _be noted that_ whi

sHEly $hat Sirera ce ABstawspios frefeency Selestive shamelsi asovell %ﬁlaﬁ@rs for time
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FVvity or tine se vity the pilot patternrra
pmamp Reffdraing tth digs. HE3E) w@mmlfmlot priserue nes depirtedt |Iv€1g 3C, a

nnel.s .as,well as cl I [
RS itha SR by Rl TEBPLESEL ot e v
chRP aethben of kRusas, teg .0, afndcthe sizer of B0ds h396ha3Rs, Tre additional

gqlcg}g ?Iglgls Seglgtghz%g%% tlr%rg;)g% rcglftm%g %stllr?lfx{i)%ﬁ@l]p atﬁtjﬂeeé . ﬁthhO uld be noted that

SR8 S sters a8 pRliotsQler RRfsteR hihyCVi$ @Bpdiilitieon b ichdaz@rdd VGIOClty of
may be based upon the conditions for \mle‘tﬁh t he chapn

R gStreierty a0ier AT ZERMLCTRSIOGYARBY B2V BIOTE AAHTIFES S %a{tl{‘]’ﬁ%?ef cluster,
H}% %J}gp@ltﬁgqggge ?llggqgspt e.g. vehicular, of rmbl l e

at’i ons i ne-selective pilot pattern nay
[ﬂme rIneBl,g vm@; eagiléto mammv\%qbeédldlﬁmv@ni?ﬂt)tsofornﬁ‘ﬁﬂweélcy selective

[ @ﬁh%‘f HIY §rddlbRly selective

‘Mé?ths ]r‘f’a]?glﬂilggut i |Sz’éng'gsq %ﬂer e od| nent : %l ety
ﬁhdrﬁhblsp&thﬁcﬂf may,an deetaimhiaspets, Meqﬁgbha@ﬂmpgldelay spread estimates

ndi ti ons, ter ti.on mad
B? dheyuseLs- m‘Ahlé?j’ %ﬁ%g}r %ffstlﬁ% FS)VS ime d{;?% tPgdicﬁ)r AL fcell or user session
ifofth&tfon ®CcalbulaR0glictll Ogtatorpbl atuspakp@ifis tiacshold to sw1tch to these
depicted. In Fig.,K 3C a d
patterns with additional pilots. The additional pilots may be quite useful due to
frequency variations and multi-path that will vary due to the different channel
conditions at different frequencies, e.g. for mobile users or others having a greater
frequency selectivity.
[0043] In Fig. 3E, pilot clusters for multi-input multi-output (MIMO) mobile stations
that are transmitting multiple layers is depicted. Each transmit antenna, here being four,
includes pilot symbols in the cluster. Therefore, if less than all antennas are being
utilized then less pilots can be included in each cluster.

[0044] Referring to Figs. 4A and 4B, pilot allocation schemes according to further
embodiments are illustrated. In Fig. 4A, hop regions 400 includes pilot symbols C,



bl ock is depicted as having a pilot pattern simlar to

that of 3B, except that there are a greater nunber of
webwghserg) e.g. 9, and the size of bl ock has cPerysaN6/060336

The additional pilots may be utilized to inprove

channel estimation properties. It should be noted that

nunmber of clusters and pilots per cluster nmay vary

dependi ng on a neasured velocity of a user, e.g. a

user of greater velocity may have nore clusters an/ or

pilots per cluster, than a usé@ with a | esser

vel oci t [ 0042] In Flg 3D il ot ttern with
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BfQﬂwﬁmEKGHMdhnb@mﬁoand mﬂtl-path that\MII vary due

to th [ rent nnel 0 ent
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hRdbHe @ia@foﬁ@ta’cﬁﬂg h EtaEl@ B {Hetpﬁr”ﬂ tS%B@]!S ih %r}_%lote %&Hl@of OMéter, e.g. cluster
i ncl udes pil ot nbol s inthe tluster herefore, if

#2504 A6 aand 407, erm aencanted ad ggnemittadza duch v %éﬁ@f a receiver of

&{e 2 gtlc?ts ngﬂ}bgf‘s':ﬂnnﬁll Lﬁi&eﬂ %geg)%ge g*a'ﬁgﬂe n FRQAA] themhso that they are

Tocation sc
attbogathiah gnﬂhceﬁpﬁct tvethe guitod sbmﬂmis $roar eath dthet mabidelstatipn in the same

&!u%fe&z'%&ls cgﬁ éng %?1 gﬁ%@hrbé%pl%ﬁe err‘r: ne trphigs%cl)%sa g. a scalar function
€S nthitisipdedchlof tersampbd donstiutifg ele $dt sybahals u@ﬁs’rﬂi.tted by each of
ged n cluster 406,

nd C arran nd G o,.qf Cu, nd
&, qrafleane@in ol oreidsosrtpgonefi isciifest Protpel of vectors
Qé}ﬁi@sfenﬁﬁ% g Uen R RAt th@kcairvah&iidng ih RadlOBlukied Fsach mobile station
where nmul'ti ple nobile stations provide overl appi ng

maIYd?te@Wrbol s, the pilot synbols of different nobile
iﬁ(ﬁfd} %q?}ﬂ@ JHA '11%1?‘ ed i§ BrefdBd anMee g—l}fﬁ)”c syB®ols of each

perlo tone 'so that the
slpstyolage antl@@ubbuoathc pilbt syodyalhofjeavhl othdretustercefi the dopregion. This

t
U ERRE o5 oL by BhobBsBA0S, AT o i sy
@2thin cash ciustéiilfrqm L8 iffro Boloylc Gafiony,byGBjliping q,dif@rol;ltqscqucncc of
C% ;ﬁqgﬂgﬁgrﬁscﬁod %P E)(B %gpsegf éz?chn}ﬂlo{nlg ls?atiggbilnl Sach cluster of pilot

symbols. Mathematical determination of orthogonality can be made by selecting a

scquence of scalar multiples for cach of the pilot symbols for a particular cluster for the
particular mobile station the vector of which is orthogonal, e.g. the inner product is
zero, with respect to a vector representing the sequence of scalar multiples used for the
pilot symbols of the other mobile stations in all the clusters and the same mobile station
in the other clusters.

[0047] In an embodiment the number of mobile stations that may be supported, where
orthogonality of the pilot symbols across each of the clusters is provided, is equal to the
number of pilot symbols that are provided per pilot symbol cluster.



that is each synbol period includes nmultiple pilot

synbol s, froma nunber of different nobile station
wat@uiosngd Each of the pilot synbols in a pil oPCEHYAPO6/060336

cluster, e.g. cluster 402, 404, 406, and 408, are

generated and transmtted in such a way that a

receiver of the pilots synbols in the cluster, e.qg.

base station, can receive themso that they are

or t hogonal mnth respect to the pilot synbols from each

other mobile station in thE same cluster. This can be
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Ne
Z Hks;,psk,q ~0 forall 1< p,g=<Q,

k=t

where H, is a complex channel gain corresponding to the Xk—th pilot symbol,
1<k <N,. In atimc and frequency invariant channcl H, = H, =...=H,, ) condition

(3) reduces to the requirement of mutually orthogonal sequences:

N,
28,:,PSM ~0 forall 1<p,g=<Q,

k=1

@)

@)

(3)

(4)



channel s through the reduction of interference between
pil ot synbols. Moreover, the sequences shoul d be
wo evgasityo i ndependent, as such it is preferredPCTTEB2000060336
sequence or vector be a linear conbination of the
remai ni ng sequences. Mathematically, this may defined
inthat the No xQmatrix S =[S .. .S (2) is of full
colum rank. It should be noted in the expression (2)
above matrix Q NP . That H , the nunmber of overl apping
nmobi | e stations should not“exceed the nunber of total
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[0051?f1n an embodiment, a set of design parameters for the sequences of scalar

functions § =[S, ... S,] may be defined by:

A Any two sequences are orthogonal over the entire set of pilot symbols,

thereby satisfying
N
ZSI:,p Sk,q =0 forall 1< D-q < Q’
k-1
* Subsequent groups of N, sequences are such that any two sequences

within a group are mutually orthogonal over any cluster of pilots:

NC
ZS;+WC,pSc+WC,q =0, nNe+1=pyg Smin{(n‘l'l)-NoQ} ’ OSn<N2, 0</<M..
k=1 [

(3)

(©)



over | appi ng nobil e stations that can be orthogona

over every cluster is |imted to the size of the
w@Lwsnerigo denoted here Nc . In the exanpl e shomeT/U82006/060336

Figs. 4A and 4B, Nc = 3 , and hence up to Q =3 nobile

stations can be separated orthogonally in such an

enbodinent. In fact, a fairly small nunber of Qis

sufficient in many practical scenario. WenQ >Nc , it

may be difficult to keep all nobile stations

ort hogonal over every clu ter, since there may be sone

i nter-synbol interferﬁ ce. Hence

Ik the
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(7) where a Nx N Discrete %uriereTransform(DFT) -

L Sp) LAed: KeerBRV SR BTk 2ot 49 folRWs:
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S=[8S.....8, |=(F (M) ®F (N.)),,,

where () » denotes matrix block spanned by columns 1 through Q of the original

matrix. A more general form of S may be given by

S=[8,,...5, |=(veu)
where Uis an arbitrary N, x N, unitary matrix (UU=1I v,) and V is an arbitrary
M . x M .. unitary matrix (UU = I, ).
[0054] In an embodiment the number of mobile stations that may be supported, where
orthogonality of the pilot symbols across each of the clusters is provided, is equal to the
number of pilot symbols that are provided per pilot symbol cluster.
[0055] In an embodiment, the exponential functions utilized to multiply the samples of

the pilot symbols are generated utilizing a discrete Fourier transform function, which is

well known. In embodiments where the discrete Fourier transform function is used to
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s [sl,...,sd] =(F(M )(r)F( Nc )>:i:b (8) where ( )
denotes matrix block spanned by colums 1 through Q of
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given by (9) where Us an arbitrary N x Nunitary
matrix (U U=l N) and Vis an arbitrary Mc xM unitary
matrix (UU = 1M ) . [0054] In an enbodi nent the
nunber of nobile stations that nay be supported, where
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synbol s that are provi.de_d per pilot synmbol cluste
g{n&ﬁ)ﬁﬁ]thé syrabole rfbnuammsswm,rﬁea estrsaphase Shift s awelied Huring formation

g% ﬁg’}%ﬁ%g& {‘51%6 eretc Do fulieid noéen%l/d{ﬁ@ the symbols

|Z|ng a Iscrete Fourier transform
féﬂtmﬁhmloM| ch is well known. In enbodi ments where

the dlscreteFurler transfo O I
Qﬁé rgtcecpﬁ)@ |%tr ?‘gﬁs t%‘g]n%ﬁ#] g&g 0{11]10 ﬁmléls P(alluCtS of vectors
@s%?xtlﬁ e sdg® e%ﬂiﬂ 186 seHlsd fagctic@tsnnateacn chltﬁtet lﬁg eaghipesitile station

the d te F
KCRRORIESE) b Ve R TG M
s§ '{R&ddn'i‘? '&h&s&irth% Qﬁ'al t?%eﬁ;%én“tﬁe sBQuenBELs L hcadulat furu:ftlons in each

vectors represen he sequence of the scal ar
clusmrtfomhlmolelﬁcﬂﬁattﬂruﬁﬁé?wﬁﬁr each nobile station may

[ k rthe'f'q e sith BN fheRRO ‘ﬂ'uﬁﬂ?;@% §f hldbAe k&ti6R% adshiied to the
2. T

e arranged so that on
Hppaiionr ishlegwﬂmlnl thy hethee et niles syéﬂ?gén%?é%fl tpthe hop region, the

scal ar. .functi

scplay alblﬁts Irgayp]stgg %8 éigcm? 810%1%19 ﬁ%sree{ %gt%n ﬁxa&ﬁlglggpbé @tilized to perform

ifitetfiddnic® RSHIMUAGT. eThétefdrel,rthege mwfot lsml'ybbk; Baabé g’ﬂlg,zed for interference

assi nedtoéhe ho re| |sles W]t H

emqn@ 1o%>$mgs|t Y, RIS rt)r %uaﬁlog oe%o A1 ?x F Plot symbols

BinE behFRobifel skdtione adﬁ@ﬁﬂ&d tigd hdlhle:gbﬁse St at i on in

order to be utilized _to performingerf ne
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] The approaches described wth
gcgﬁ fé&)eﬁ[:ﬁg?§4A and 4B may be applied to the

git(])ssyt @tefandgstbrmgt Gy esbadeptativedwith nhilijsle SetagE in japmultiple access
S Say . DB S Ao BfOHCA S, s
Lhgo N 500 aici@fes multiple antenna groups of antennas 502, 504, and 506. In Fig. 5,
only one antenna is shown for each antenna group 502, 504, and 506, however, multiple
antcnnas may be utilized. The multiplc antennas of cach antcnna group 502, 504, and
506 may be utilized to provide spatial diversity at the base station to signals transmitted
from mobile stations in a corresponding sector, in addition to the spatial diversity
provided to the different physical locations of the diffcrent mobilc stations.

[0060] Each antenna group 502, 504, and 506 of base station 500 is configured to
communicate with mobile stations in a sector to be covered by base station 500. In the
embodiment of Fig. 5, antenna group 502 covers sector 514, antenna group 504 covers
sector 516, and antenna group 506 covers sector 518. Within each sector, as described
with respect to Fig. 4, the pilot symbols transmitted from the mobile stations may be

accurately demodulated and used for channel estimation, and other functionally, at the



pil ot synbols per cluster. [0059] Referring to Fig. 5,
a base station with nultiple sectors in a nultiple
W@ewens1iv r el ess conmuni cati on system accor di NRCT/USENG6/060336

enbodi nent is illustrated. A base station 500 includes
mul ti pl e antenna groups of antennas 502, 504, and 506.

In Fig. 5 only one antenna is shown for each antenna
group 502, 504, and 506, however, nultiple antennas

may be utilized. The multiple antennas of each antenna
group 502, 504, and 506 may bé3utilized to prOV|de

spatial diversity at the base station to. s
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srdipdobad skda composite channel of mobile stations 508 and 510.

[0063] In the case where a single mobile station is assigned to an entire hop region,
user specific scrambling sequences may be provided so that every mobile station in a
given sector makes use of the same pilot sequence; the construction of these sequences
is described with respect to Figs. 4A and 4B. In the example of Fig. 5, mobile stations
508, 510, and 512 may have different user specific scrambling sequences and therefore
sufficient channel estimation may be achieved.

[0064] Where multiple mobile stations are, or may be, assigned to a same hop region,

two approaches may be utilized to reduce intra-cluster interference. Firstly, user



sector 516. Further, in sonme cases depending on the

power control strategy utilized by the base station to
w@oosl19¢ he nobil e stations, the power |evel PET/US2006/060336

synbols from nobile station 508 nay substantially

exceed the signal |evel of nobile station 510 at

antenna group 502 of the sector 514, especially when

nobil e station 508 is close to the base station 500.

[0062] In order to conbat the intra-sector

interference that may arise, sranbling codes may be

used for the nobile stations. The scranbling code may
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and therefore .sufficient channel estinmation may .he -
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approaches may be utilized to reduce intra-cluster r
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stations in each sector Qtines the nunber of sectors
sequcheesc® IS, 1.8 hifer alsmbbie satiens O stanmcsecket $n efcelconsisting of
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a% st atset of ©5F ecatont spgeificorceamloRsSusinge &y, ;- - i X, iy be utilized
cluster size Nc is |ess than the nunber of overl apping )
tobiultiply the seen¢as BadP: seSpbef thamphide staoRH ipsuchp case, mobile
sectors _in the cell, this may be inportant if

I .
Stations WatHmH 4TCEPPti ssolor, Kerrarmple sogien et 414 fhet gy have mobile
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ective to reduce I nter-ce Interference. In

WY GRS S difreRBE LoD Q?&jiﬁ b GoRehBY b QReRQAUANGRITRY, utilized to
be utilized along with the user specific scranbling

$RAHFRGRe ubRAPEdifid s&abibling SefrhEd.C scranbling sequence

is a sequence X\ X S,...,X N of p conplex f nCtIO?S .
90671 ndipxiiasiyy tor preTrspegile P tlingnintssprgerferlgthat all of the entries of
X,,...,X, have approximately equal absolute values to maintain approximately equal
power between the pilot symbols. In other embodiments, it is preferred that entries of

X,...,X; be such that any pair of pilot symbols in a pilot symbol cluster,
corresponding to any two combinations of user specific and sector specific scrambling
sequences satisfies, should satisfy condition (3). One way to approach to the choice of
contents of cach scctor specific sequence X,,..., X, consists of an cxhaustive scarch of
sequences such as the elements of every sequence are taken from some constant
modulus (PSK) constellation such as QPSK, 8-PSK. The selection criterion may be

based upon the “worst case” channel estimation error variance corresponding to the

“worst” combination of mobile stations from different sectors and different user specific



sequences S=[S1.. .S] , for all nobile stations
in a sane sector. In a cell consisting of S sectors, a
W@ 240705119 sect or speci fic scranbling sequencesPOI/LI$2006/060336

X's may be utilized to nultiply the sequences S =[Sl

S ] of the nobile stations. In such a case, nobile
stations within different sectors, for exanple sector
514 and 516 that may have nobile stations that utilize
the same user specific sg¢ranbling sequences S = [S1
... Sb] my differ due to different sector specific

scrambliagy thabdre gsskEgpmnibepoxemiah nchndekemptiionineatl Chammsdl tes{iingtion
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[0069] flabhemlpatntitwhtrea@uadiature Amplitude Modulation is utilized as the

modulation scheme, a set of sector specific scrambling sequences X ,..., X, that may

be utilized is shown in Table 1 below. Each entry of the table specifies I and Q
components of every X, ., 1<s<Sand 1<k <N, with §=3 and N, =12.

[0070] In some embodiments, each cell in a communication network may utilize the
same sequences for sector specific scrambling sequences.
[0071] Referring to Fig. 6, a multiple access wireless communication system 600

according to another embodiment is illustrated. In the event when the same sets of user



conmponents of everyX k s, 1<s Sand\ <k NP wth S

=3 and NP = 12 . Table 1. [0069] In an enbodi nent
wob@reseadr at ure Anplitude Mdul ation is utilPeEUSHS6/060336

t he nodul ati on schene, a set of sector specific

scranbli ng sequences X ,..., X s that may be utilized

is shown in Table 1 below. Each entry of the table

specifies |I and Q conmponents of every Xk s, 1< s S

and 1< k <N, with S =3 ang, N, =12 . [0070] In sone

enbodi ments, each cell in @ comunication network nmay
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ntioned, the useé of sector specific scrambling is
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two design paraneters that
may be utilized are that:

* All the elements of cell specific scrambling sequences have equal
modulus.

* Cell specific scrambling sequences differ substantially for different
cells.

[0074] In thc abscncc of pre-determined assignment of ccll spccific scrambling
sequences over a network of base stations, a (pseudo)-random cell specific scrambling
sequences from some constant modulus (PSK) constellation such as QPSK, 8-PSK may
be utilized in forming the ¥ cell specific sequences. To further enhance randomization
of cell specific scrambling and avoid bad steady combinations of scrambling sequences,

cell specific scrambling may be changed periodically in a (pseudo-)random fashion. In



may be utilized are that: Al the elenents of cel
specific scranbling sequences have equal nodul us. Cel
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ekt codisghemd fdglatioBPii, e4ghPidataVeBéam OmaM- AMetermined by
sel ect ed fog t hat data scubgam t cigg gﬁode nodul ati on
Wpehieus pesoresel gupgewde ollghd>Bodul ati on for

t067Ty] dpta rﬁédu%mn”@ymgﬁlsdﬁ;reﬂm e sB¥amSdre Ugkh Sv1ded to a TX
perforned on provided by controller 130, [0077]

msmﬂ@ﬁ mmyﬁaﬁhaq progassathsrpeditation eyrabelp (e ., for OFDM).
r&jceegs 072’-)0 Rﬁﬁ&ecsoﬂf rﬁ@d MBIP Qyt‘ﬁﬁbﬂ E‘ﬂr‘&fn‘fke ko Ny transmitters

pr 0] ESS t I on sy
(TMTR) 722a through 722t Each transrmtter 722 recewes and processes a respective

symbol stream to provide one or more analog signals, and further conditions (e.g.,
amplifics, filtcrs, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. Nr modulated signals from
transmitters 722a through 722t are then transmitted from Ny antennas 124a through
124t, respectively.

[0078] At receiver system 750, the transmitted modulated signals are received by Ny
antennas 752a through 752r and the received signal from each antenna 752 is provided
to a respective receiver (RCVR) 754. Each receiver 754 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned
signal to provide samples, and further processes the samples to provide a corresponding

“received” symbol stream.



TX processor 720 then provides Nr nodul ati on synbol

streans to Nr transmtters (TMIR) 722a through 722t.
weamhosramsm tter 722 receives and processes aPCT/US2006/060336

respective synbol streamto provide one or nore anal og

signals, and further conditions (e.g., anplifies,

filters, and upconvcrts) the anal og signals to provide

a nodul ated signal suitable for transm ssion over the

M MO channel . NT nodul ated signals fromtransmtters

722a through 722t are then trafsnitted fron1N T

antennas 124a through 124t, respectively.
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presﬂedvf Udete@ed ssanbyl ROVRINS75Phe ProchssingcBY ek dﬂmprocessor 760 is

el v I Is that
R e e T e
ztrb es@matés blfdmeﬂodulgnaﬂl symbpllsctxamslmltmlnfbk dse carmgpfutingdata stream.

RC85E 555015 SIS e SR BB B ot i
%@%odl lfk%alhet@%&’(?&r &likdtr@fﬁtﬁ ess asr theedaty-stte@aei Tedprocessing by RX
synbol streans ron1NR receivers 7

R PFRUFFSr 1088 coRP fa?%@ystpﬁgl %*‘J?ﬁ{maz% E%gvf%?sdaf K0 and TX
dHEbRSLEDT 73 HPRinsBlif&aREtemI MNED. Pr 0CeSSi ng by RX data
processor 760 is described in further detai |l bel ow.
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tec e streamt
iﬁe ?rggil,}]l r%r 5 erégllglﬁé??i @t gfeﬂgwpﬁlgﬁqgeﬁw subcarrier
ZIﬁqurﬁb(ﬂ(rfm'lodengMWtot gach hslot gembalr nkachdolytiohx tlper m:eeSBmlﬁc sector
720 ata roces 714 at transmtter
S B8 OH RSP CHSTU g GBI HERIIE SHeRdf iy gp that they
hﬁ9 b@m@m@a by RS@@%@SSB@VW%&B@INHE rb¢eansigyimtaidsdNRat the proper
recei ve antennas, e.g., based on the pilot information
deAoding @RaQFCW-t h the traffic data. RX processor 760
%dleﬂét éﬂaﬁn@lt}@sﬂ?}nL@Estﬁﬁ% ‘Eeﬁeﬁ&@%ﬂRﬂ%}%ﬂo@eé@bf 960 may be used to
atterns stored i'n nenory, €.g. nenory t hat
pct@mm fspatch espRecdtienprposisinea et ithe raerivary wEbIst Pepes devels, change
0 uga?%g hs %?géhe%elsf)& §t¥1gp9ét n'sn F?@ kdde® %&r T60GmdkP lrther estimate
gl , Ssec Spacific, peci
ﬁmrﬂgﬂiﬁhto@msseepndnnmsfeme beu@t @W)qu the detepted synibel streams, and

it TR DS Bt 2, PCRERER 0 AR ot 70

®OC Wata proccssor 760 or controller 770 may further derive an cstimate of the

“operating” SNR for the system. Controller 770 then provides channel state
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor
778, which also receives traffic data for a number of data streams from a data source
776, modulated by a modulator 780, conditioned by transmitters 754a through 754r, and
transmitted back to transmitter system 710.

[0082] At transmitter system 710, the modulated signals from receiver system 750 are
received by antennas 724, conditioned by receivers 722, demodulated by a demodulator

740, and processed by a RX data processor 742 to recover the CSI reported by the



[0081] The channel response estimate generated by RX
processor 760 may be used to perform space, space/tine
w@e@cesdding at the receiver, adjust power | evePGT/US2006/060336
change nodul ation rates or schenmes, or other actions.

RX processor 760 may further estimate the

signal -to-noi se-and-interference ratios (SNRs) of the
det ect ed synbol streans, and possi bly other channe
characteristics, and provides these quantities to a
controller 770. RX data procesdor 760 or controller

770 may further derive an estimte, of the " O{Jer ating"
BIRIVEDFYSHere- sTha keppried §iS1ds Mg pregideddh Gontolleres30 and used to (1)
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dBtaQided by 2dHitrol A6l 730 anS 770, reshebiinidty.t Thé freAtmiet 782 and 772 store the

system 710, [0082] At transmtter z%st m 710, .t he )
peat Paicers § Oficlysier locatiqnsy uw & 1§§§raé?.@mg sequences, sector

rbg&:?ﬁé/ Q&b 1iABt RAB& el 24 uti LB AADEY sP¥cifie Geivlg sequences, if
722, denodul ated by a denodul ator 740, and processed
yiligedrxIni serae smbodiments. mpltiple pielokaierisharectored dp spelegremory so

BYat YL ERGhUES m%? g{alﬁg%qit-ramﬁ th&RERRH eyl reb&vd BEMR frequency selective

provi ded to cont 730 and used t0 (1) determne )
tphlet petteany andeimandlectvd pidotardternsd uhlae eymbisHtarerilatpagerns having

used for t 1 I
{5 bl o 1, BRI BB Sy OROTIAES SUBEAR Shamncls mey be
1WB0zed. 0088 hll6aR b tainkmitter 78 Gamsndit 2 EPedlfic petferhfv@sed upon a parameter,
operatigon at the transmtter and receiv SysStens, . ..
R R F R
008 WRoGENEES BVChndat 7D tHeL darbyclc@Ritich bEMR plO pattdns, user specific
70, respectively. The menories 732 and 772 store é he .
gPregtblipgt sequraces beiitRs BPOELuSPRMDIREasPEHECcysapd cell specific
SPEGIHIINE sSqiARR 418G B8 AUBRLESR, tra38miRlonSHHaEE Hilét symbols.
scranbl rng sequences, if utilized, and cell specific
J00851bAL the weeivenc@sious prapessing éephnigyes sy be used to process the Ng

e | TR ' ) . t i N .
ST 0 BT A0 B8 8 Mg rocesin
ttbehnicpeeimay beagroupediive tvod hprionayuetegprise| (@cspatiel and space-time
pilot patterns and.ti elective pi-l ot. patt . : .
BB 3 SO T RSB 0, Akl B B3 o
gadr ¢d) f@ucddssivc Sehitiagicdaaltdationehsd aintcrforepeeneyccllation” recciver
sel ect.ive channels.may be utilized. This all.ows.a -
trOGESHPE tcwet(wgfféﬂg taPsg rg_ﬁérgfifziﬁ) as p%{c:f:%srshvek}g’%egar%% ﬁancellatlon
BHrPYRBRERS cancellation” receiver processing technique).

[0086] Whilc Fig. 7 illustratcs a MIMO system, the same systcm may be applicd to a
multi-input single-output system where multiple transmit antennas, e.g. those on a base
station, transmit one or more symbol streams to a single antenna device, e.g. a mobile
station. Also, a single output to single input antenna system may be utilized in the same
manner as described with respect to Fig. 7.

[0087] Referring to Fig. 8, a flow chart of a method of pilot symbol generation
according to an embodiment is illustrated. A plurality of pilot symbol clusters is

selected to be transmitted during a hop region from a particular mobile station, block



such a random sequence, or in response to an
instruction fromthe base station. [0084] Processors
wQo3®7asd9v 70 t hen can sel ect which of the pil oPCT/US2006/060336

patterns, user specific scranbling sequences, sector

speci fic scranbling sequences, and cell specific

scranbl i ng sequences are to be utilized in

transm ssion of the pilot synbols. [0085] At the

receiver, various processing techniques my be used to
process the NR received signal® to detect the N

transnmtted synbol streans. These receiver processi.ng
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[0091] Aftcr scalar functions, that arc uniquc cither to the scctor with which the mobile

station is communicating or the mobile station itself, are applied to the pilot symbols,
another sequence of scalar functions is applied to the pilot symbols, block 808. The
sequence of scalar functions relates to the cell in which the mobile station is
communicating. This scalar function may vary over time, if each cell is not specifically
assigned scalar functions that are known by or provided to the mobile stations. After
this operation, the pilot symbols may be transmitted from the mobile station to base

station.



determ nati on nmay be based upon predeterm ned
know edge of the network in which the nobile station.
wQ@\doenosEave vel y, this informati on may be transnmP@T/E82006/060336
fromthe sector for the base station as part of its
pilot information or broadcast nessages. [0089] If the
cl uster does not support communication, or is not
currently in comunication with nultiple nobile
stations, then scalar functions are applied to the
p| lot synbols that are unique 2% the cluster with
whi ch the nobile statjion is communicating, bl ock, 804.
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&Eg%?d[aggd %‘,ﬁas%lﬁgslrll %gg?é%%ue cfgglg&h&e (Fi hEAg,leg Gi% selective channel

(Rl SBINE ednibsnatioa dfrchmcxe sonsct oﬂw&mcmna;rcoaii@cé doptriesmission in a

readable di a, such
frequency serp3 tfve and a licke sdective channel, used for vehicular or other mobile

traffic (Fig. 3D), optimized for a MIMO system (Fig. 3E), or combinations thereof. The
specific pilot pattern sclected may then be uscd by all of thc mobile stations that
communicate with the base station or sector until such time as the diagnostic is
performed again for the base station or sector.

[0096] To implement a specific pilot pattern at mobile stations communicating at a base
station or base station sector, an instruction may be sent from the base station or sector
to the mobile stations as part of the initialization or set-up procedure. In some
embodiments, information as which pilot pattern, user specific scrambling sequence,

sector specific scrambling sequence, and/or cell specific scrambling sequence is to be



menory, which are inplenmented by a processor

controller, or other electronic circuitry. [0094]
waedogsilpg to Fig. 9, a flow chart of a net hodP@f/US2006/060336

altering pilot synbol patterns according to an

enbodi nent is illustrated. Information regarding

channel conditions is obtained, block 900. The

informati on may conprise SNR ratios at one or nore

nobil e stations, a selectivity of the channel, the

traffic type, pedestrian or véﬁﬁcular delay spr eads,

or...ot her charactgrlstlcs of e channe
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get 7 Uk Ysad B &d%ﬂ& th% ﬂn)é lafso Mt ef to determine the number

m nat 1 on ether t anne Is freq uenc¥
o€ pdat sywaholy fonle ’gemsemttsd/m emh dustondfi pitatisypmbo ﬂmdtthe groupings of
e ana is
gﬂ% gympéf t er‘é{ﬁﬁ?’h € bVoc (ée%g?{r)egdngﬁ]{ ggdﬁ?t % p]!’ o g, . t9 rnay each be
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station, block 04 These ot s usters may be

By Gy RSP Ioy PisienQur DAY HBICRPOlgChEy BERempy itoller, or
ofticg cledhdnic &irciit®y. sel ective channel (Fig. SB) a

conbi natjion of clusters sonme, of which @%ﬁ g %ned
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$181sBGlddY e AChARRGhatidts BROnfaQE a¥ QhitRs! | fRkGuShcyObdIEdt v‘i@bdﬂ & given user,
traffic (Fig. 3D), optimzed for a M MO system
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enbodi nents, information as, which pilot pattern, user

dbeseiertion gax k) madp @éé{ﬁéﬁﬁ@m%@@trgl,angm of the frequency selectivity
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TR T R ——

tdeer@itiph g o Qhe user mobility, the same approach may be used by the mobile

station. In this case, block 1000 may be performed based upon forward link pilots
transmitted by the base station, and block 1004 may be omitted.

[00100] The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units within a base station or a
mobile 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



pil ot synmbols. Al so, the blocks described with respect
to Fig. 9 may each be i nplenented as one or nore

W0 p®v0sIAPe ons on a conputer readabl e nedia, supdI/ES2086/060336
menory or renovabl e nedia, which are inplenented by a
processor, controller, or other electronic circuitry.
[0098] Referring to Fig. 10, a flow chart of a nethod
of pilot pattern selectionis illustrated. A
determ nation is made as to the frequency selectivity
of a glven user, block 1000. T?ﬁs may be done for
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descri bed herein may be inplenented by vari ous neans.

For exanpl e, these techniques nmay be inplenented in

hardware, software, or a conbination thereof. For a

hardware i npl enentation, the processing units within a

base station or a nobile station nay be inpl enented

within one or nore application specific integrated

circuits (ASICs), digital signal processors (DSPs),

digital signal processing devices (DSPDs),

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

gate arrays(FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, other electronic

units designed to performthe functions descri bed

herein, or a combination thereof..



[00101] For a software inplenentation, the techniques
descri bed herein may be inplenmented with nodul es

W@ 200g/0511p0r ocedur es, functions, and so on) thatPEEUSNE060336
the functions described herein. The software codes may
be stored in nmenory units and executed by processors.
The nmenory unit may be inplenented within the
processor or external to the processor, in which case
it can be comrunicatively coupled to the processor via
various means as is known in 2Re art. [00102] The
previ ous description of the disclosed enbodi nents is
provi ded to enabl e any per§BhA§%ﬁSIed inthe art to
make ?r use the present.invention. Various
modi f Fcdt VEREST ePPRERis o gmeRtty SORRYHE 1 eadi 1 y
appar gikadient begangkil led in the art, and the generic
princi pl es defined herein_may_be applied
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fﬁmﬁﬂ?of&%ﬁ%ﬁh@&d Thus, the present invention is not
ntended to be limted to the enmbodi ments shown herejn
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apparisdios by eosprbasedgpomi ficgesicy oelectiviteteshold. nenory

that stores a plurality of pattern of pilot synbols,

each conprising a plurality of clusters ; and a _
pr oc ess AheGauglésctonithimitdtenatppheastof@lmmah tverenein dingiprocessor is
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frequency selectivity threshold. 2. The wireless
communi cati on apparatus of claim1, wherein the

Pr 0Ce§s O el vwird1Hdst REIm &R Bt P Erabhs STRIARTL 1, réih thefSguency
one pilot pattern based upon whether the wireless

sdastiviiycthrasbeldde ¢ fienction of ysqrapehiliy-a transnission in a

M MO node. 3. The wirel ess comuni cati on apparat us of
claim1, wherein the frequency selectivity threshold

i s a HMunitieivineless apsenumiodsioni apparaus oftvdain t.eviessein the at least one

C ni cation.apparatus of .cl.alm,l '
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sel ective pilot pattern for nobile users. 5. The

w rel ess_comuni cati on apparatus of cla
t he ,Térm'l;lgp wireless commumcgtPon apparatus o cla1mn1

,1Wh<¥1\"@§1rtﬁé: pnemory
comprises a plurality of scalar functions and wherein the processor is further configured

to instruct multiplication of the pilots by at least one of the plurality of scalar functions.

6. The wireless communication apparatus of claim 5, wherein the plurality of
scalar functions comprise vectors of scalar functions and wherein each vector is

orthogonal to each other vector.

7. The wireless communication apparatus of claim 1, wherein the wireless
communication apparatus receives signals using a plurality of frequency subcarriers in a
frequency range between a maximum frequency and a minimum frequency and wherein
the pilot symbol clusters each comprises a plurality of pilot symbols so that at least one
the plurality of pilot symbols of each of the plurality of clusters is transmitted using a

frequency subcarrier other than the maximum frequency or the minimum frequency.



conprises a plurality of scalar functions and wherein
the processor is further configured to instruct
woredorioplipcat i on of the pilots by at |east one PET/UR®06/060336
plurality of scalar functions. 6. The wreless
communi cati on apparatus of claimb5, wherein the
plurality of scalar functions conprise vectors of
scal ar functions and wherein each vector is orthogona
to each other vector. 7. The wirel ess comuni cation
apparatus of claim1, wherein2The wireless
comruni cati on apparatus receives signals using a
plurality of frequency subcarriers in a frequency
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| east one the plurality of pilot synbols of each of
the plurality of clusters is transmtted using a
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The wi rel ess comruni cati on apparatus of claim1,
mhereln the processor is further configured to sel ect
the af, & At HHRa0RAS B6mpRGAg! he
relatlonshl dg% Oﬁg£@%§ spreadabf theﬂﬁser and the
f r eque nemnae et stores y plurplégtdingitoms. of pilgk Fanbels, cach comprising a
nLegt Lon r 2 cHBRInYcatibBAldevice; and
I@P%’Téé {a:t ufterg eaé& gﬁﬁﬁ?{ggﬁsmgw&i ffgotC sy rrboclas1 eg‘c/:h
Conprirﬁamsg caupiledt Iv\ath the mémotyu sfmemectme %éeast ang milpt pettern of the
rel ess communi cation d lect
E}B{?ﬂﬂt}é 81g innethpa(ttﬁiénsnéﬁ&ag}smgalpn I e§ er %QSe ng% ;ﬁ% trl]eency selectivity
Pdikdsabigpattern of the plurality of pllot patterns for
transm ssion by a user based upon a frequency
selectivity threshold. 11. The w rel ess comuni cation

appar ai Ughotyifldl Bbhfhuntdaab iappdrhes GE aﬁ&nfm( tvherein the means
conprises neans for selecting the at ast on E@ % heth
frathiee combrises dnaaps fonariacties ﬂter?é Iemst %‘Fee Ffﬁli!iﬁ? &t PR whether
%’f %eés col ﬁrﬁ&ﬁio\ﬁede@mte @RS I8-SiSE QRran SmBssMnN a0 mode.

ess comuni cation apparatus of claim 10,

wherein the nmeans further conprises neans for

sel ec ng. the at | eas t

vel ooty b Veriiten s miu gl b oLk Sleftn 17 KRR thencans
ARRE abtpricds méamk forlelechg tied at ledseond pddtautiern based upon a velocity
communi cation apparatus receives signals using a

pfthedSPiy of frequency subcarriers in a

13. The wircless communication apparatus of claim 10, wherein the wireless
communication apparatus receives signals using a plurality of frequency subcarriers in a
frequency range between a maximum frequency and a minimum frequency and wherein
the clusters each comprises a plurality of pilot symbols so that at least one the plurality
of pilot symbols of each of the plurality of clusters is transmitted using a frequency

subcarrier other than the maximum frequency or the minimum frequency.

14. The wireless communication apparatus of claim 13, wherein the means for
selecting comprises means for selecting based upon relationship of a delay spread of the

user and the frequency selectivity threshold..



frequency range between a maxi mum frequency and a

m ni mum frequency and wherein the clusters each
weowpiosees a plurality of pilot synbols so thaPCHUS2006/060336

| east one the plurality of pilot synbols of each of

the plurality of clusters is transmtted using a

frequency subcarrier other than the maxi num frequency

or the m nimum frequency. 14. The wirel ess

comuni cati on apparatus of claim 13, wherein the neans

for selecting conprises neans23 or sel ecti ng based upon

relationship of a delay spread of the user and the

frequency selectivity threshold..15. A nethod for
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conpri si'ng: determ ni ng requency selectivity of a
coapiisingnd sel ecting a pilot pattern for the user based

upon frequency selectivity thresho 16. The net hod

of cIﬁ#ﬂ?&%?gﬁﬁé?ﬁ?ﬂqﬁ% %?W%ﬁpgauggh%??ses det er i ni ng

bas edieURbAg da SlAACHAteraf fob htheusetr. bdséd Then retftegdenfy selectivity
claim 16, wherein selecting conprises selecting based
thgskelihe vel ocity with respect to the frequency

selectivity threshold. 18. The nmethod of claim 17,

wherei n sel ecting conprises selecting. a nunber g} e based
pi | ot ¥.bBketmethedefcham/io} W@Ffeﬂl‘? dgtgrmifng CAMIFEYS gptermining base

[ wWeReLEdet erm ning conprises determn ning
l%%@ég%%%%g a geka; spread of the user. 20. The nethod
of claim 15, wherein determ ning conprises determ ning

bas edl%p“?ﬂe %e%%%i o%rcleﬁﬁ)lrl%?qlherein selecting comprises selecting based upon
the velocity with respect to the frequency selectivity threshold.

18. The method of claim 17, wherein selecting comprises selecting a number of

pilots based upon the velocity.

19. The method of claim 15, wherein determining comprises determining based

upon a delay spread of the user.

20. The method of claim 15, wherein determining comprises determining based

upon a dopler spread.



