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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 deleterious path effects such as narrow-
band interference, jamming, fading, and so on.

[003] 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
transmission in each hop period. Multiple data transmissions for multiple mobile

stations may be sent simultaneously on multiple traffic channels that are associated with
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stations in a same 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.

[002] In additional embodiments, schemes for improving the ability to multiplex pilot
symbols without interference and/ or biasing from different mobile stations in a same
sector of a base station over the same frequencies and in the same time slots in an

OFDM system are provided.
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embodiment;
[0011] Fig. 4B illustrates a pilot symbol scrambling scheme according to another
embodiment;
[0012] Fig. 5 illustrates a base station with multiple sectors in a multiple access
wireless communication system according to an embodiment;
[0013] Fig. 6 illustrates a multiple access wireless communication system according to
another embodiment;
[0014] Fig. 7 illustrates a block diagram of an embodiment of a transmitter system and
a receiver system in a multi-input multi-output multiple access wireless communication
system;
[0015] Fig. 8 illustrates a flow chart of a method of pilot symbol generation according

to an embodiment; and



[0015] Fig. 8 illustrates a flow chart of a nethod of
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communication device, terminal, access terminal or some other terminology.

[0020] 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
comprises one symbol period of the T symbol periods and a tone or frequency
subcarrier of the S subcarriers.

[0021] In an OFDM frequency hopping system, one or more symbols 200 may be
assigned to a given mobile station. In an embodiment of an allocation scheme as shown
in Fig. 2, one or more hop regions, e.g. hop region 202, of symbols to a group of mobile

stations for communication over a reverse link. Within each hop region, assignment of
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within the sector in order to subsequently apply multi-antenna processing to the pilot

symbols received from different mobile stations.

[0025] Block hopping may be utilized for both the forward link and the reverse link, or
just for the reverse link depending on the system. It should be noted that while Fig. 2
depicts hop region 200 having a length of seven symbol periods, the length of hop
region 200 can be any desired amount, may vary in size between hop periods, or

between different hopping regions in a given hop period.



synbol s received fromdifferent nobile stations.
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within a given hop region. The utilization of clusters 304, 306, 308, and 310 (Fig. 3A)

and 324, 326, 328, and 330 (Fig. 3B) of contiguous pilot symbols may, in an
embodiment take into account the effect of a multi-user interference caused by inter-
carrier interference which results from high Doppler and/or symbol delay spreads.
Further, if pilot symbols from mobile stations scheduled on a same hop region are
received at substantially different power levels, signals of a stronger mobile station may
create a significant amount of interference for a weaker mobile station. The amount of

interference is higher at the edges, e.g. subcarrier 1 and subcarrier S, of the hop region
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0 B P e 48 S Sk TS e
efihotigdent bOBigeBA, afayitel fta BHEBA 19ndBni onelod %orﬁ éﬁ?tl slygtlbols ina

channels with higher frequency selectivity, t

dyffeaent clusteie dioy cxamplonelnsteriit bay be abegerS and ¢liwter 306 may be at
tg]{?%qrency domain than in the tinme domain. [0031] It

shoul'd be noted that one or nore pilot synmbols in each
[@03Q} tReferring té e, 3B, in the case of channels with a pronounced time selectivity

rather than frequency selectivity, pilot symbols 322 are arranged in clusters 324, 326,
328, and 330 of contiguous pilot symbols that each span multiple frequency tones but
have a same symbol period of hop region 320. OFDM symbols at the edges of hop
region 320, those that have a maximum tone, e.g. tone S, or minimum tone, e.g. tone 1,
of the frequency range that defines the S subcarriers, may be included as part of the pilot
symbols, since there may be pilot symbols 322 that are at the edges of the hop region
320. However, in the embodiment shown in Fig. 3B, only one pilot symbol in each

cluster may be assigned to the maximum or minimum frequency subcarrier.



enbodi nrent of Fig. 3A, may be at a different tone than

one or nore pilot synbols in a different cluster. For
wexerspb®77cl uster 304 may be at tone S and cl uBCemS306/009707

may be at tone S-1. [0032] Re§err|ngto Fig. 3B, in

the case of channels with a pronounced tine

[ﬁﬁf’:ﬁcﬁi e letoih&l de gi%ﬂe ﬁﬁq €518 Ya §1ﬂn§§f \INi\lltgté‘%gheg élgme selectivity

synbol s 322 are arrawge I uster
raachaza typwebpﬂﬁegutha!smay Ibetobi?ayrrdddija OfatotfRBIOIIREPattern chosen

t but .h ame synbol period
0?"%85 pg@@iﬂ%%q@%&%g@% gﬁaﬁ' f"ﬁre edggs of hop
[nesn] On shdfld bHaeed fat RsV& ﬁ\mf@iisﬂmltg%ﬁf;& in®e@h &0A&, in the

or mninumtone, e.g. tone 1, requency

epﬂw&zén%m@tf Fige BBn awytheassgnadioar differcst symshol lpenoah tHandad or more
rrb I e 0
syrr%gﬁsm]g {] rérr&édg e’ig 05&8&1' nggf F’ﬁ%%#ég ’iné}jilgnat different

sSﬁibolMM\ﬂélhanblmstehm@n‘OOdl ment shown in Fig. 3B, only

pilot s in each cluster nay be assigned to
(B3] At %Qb anflenistedrits the gubedimanimefdries. & fIgh3B] pilat patterns
a&@ﬁro%iﬁ%ecébf{ﬁﬁttpg%ﬂisfe}se%oh ”sd: 908 34 A10C @‘ggf‘%g@t #4 326, 328,

gher time selectivity ve’at
anfh 380 (lig. 33, aﬁmefemblwsymn&ﬁc mt}ataspmt tbfthé bénterasfitRs Rop region.

sen for els wth hi her frequen selectivity
ThERE ek offi56 Sliptrs Wish SeiPaciie ot @NEr Gidhe bR region ey provide
nﬁpfd%d %ﬁﬂiﬁlﬁ&n@oﬁs"‘eﬁﬁ%oﬁldﬁfl@ CharnBl WA fe‘g%é n‘g CFE{HG fa d frequency
Fig. 3BSmay be assigned to a different
respapseg péthgchamred pil ot synbols in a different cI uster.

5830 5B B S G0 BB S 5 Bt o e

sylmbole tpethop rdgﬁkﬁl enieadi B Blefte® hmbliSof cHist@s ‘iina?Ebe Qﬁﬁz%ti in each

atterns are provided so that the clusters

ap degighg Fyather, Fthfg nu@hyr gﬁ]nllgzwmbsmveramt sambotsemster may also

C respect
xﬁr'e gl;héaﬁtt@g} n@tﬁﬁ% e@{?lgn ot sggwﬁé{glp telasfar? ﬁé‘unctlon of the
nginbet ef piloti ﬂyhlbblssmqmtred by tikcbze l%taﬁbn ab shdtRsdFOy deEbANate data
maﬁﬂgrow d roved sinmul taneous estimation of the
S

PSR e Shso Ervierse Jink #el in @stimate o @9anﬁ@h b@h@é@ the base
6
Sy g ORI OO LE LS e M o o

pielrsymbolsy dficarumbar bEmebile sta‘mrfsahai rcaﬁlge utn?]tllﬂéxfih%*&t 8khgle hop
ur,t her

be utili ach h e
P, et e Onac B i ot b kbt Spibelson ahep region.
(039P Iy additiod, \ehil OF ahensB bt S| a&igr@
[syrrgol C(IMSgt 2&?1;1 ar%lsaﬂ?unct | é)q{ne E)Hftbt hte nurrbgglso é% %‘t 4 cither
fogychapneds havgng fiedueneytselechvite os tintei @ihectlmt$ mlnn:pﬂcstf pdtﬂem may be
s rece rev |n

8 B3t Brd AhQeEP Brdienly Sptitedeiiid: BEVE 35 custers for sime
selective channels in the same pilot pattern, e.g. some clusters arranged in the pattern of

—

clusters 304, 306, 308, or 310 and some clusters arranged in the pattern of clusters 324,
326, 328, or 330,.

[0038] In some embodiments, the pilot pattern chosen to be utilized may be based upon
the conditions for which the channel is being optimized. For example, for channels that
may have high-speed movement, e.g. vehicular, of mobile stations a time-selective pilot
pattern may be preferred, whereas for slow-speed movement of mobile station, e.g.

pedestrians, a frequency selective pilot pattern may be utilized. In other embodiment,



station and the nobile station. Al so, each cluster

need not have the sanme nunber of pilot synbols. The
wourodsan200f nobil e stations that can be nul ti pl egREaSenen09707
a single hop region can, in ag enbodi nent, be equal to

t he nunber of pilot synmbols ifh a hop region [0037] In

P P 5, 5 D P b R e

&t aprd-détbiymiaed humberofheg benodsy t he pi | ot pattern may
be such that there are clusters for frequency

083U Refparing i Hagss 44s agb 4B, pilot pllegatips srsb@m@% #fsording to further
SROSEhEME 2FARSESLT T Fﬂz,e 4%2'?1%8 %%18}13 @@(% hl% des 1191: %hbols Cie

some clusters arranged | ern o ust
GH)p anB OB, avranBdinanhebterciiz; (]4 SERr sncthgmgadgadnntcﬂmter 404; C7,,

EomiL b arHRSR T CLET A6 Ginpel o dai 850 n clister 408,
Intdnl dASShiiBYt, BEolIRS RAInYROVE Eﬂhﬁapéwgﬂsfty%‘ﬁoﬁ %18%' Where multiple

the channel is being optim zed. For eXanpl’e,
Tehbitmyations ipxovidagvenapring pght spd@&ls nﬂm/m}m symbels gf different mobile
st atjons sel e

E%%hcing %ho%)p © Bléﬁigf’)lg?ee% llneséil c \mgq,yegver saglﬁeo%t‘)\p@ 8211‘1{)81 period and

toBY soTiat the ipiloPB iR ]Sira khskfanti@ll P ortRELIRST WhéWecei®ed at the antennas
frequency sel ective pilot pattern may be utilized. In

Qﬁth%?u@ﬁb%ﬂhﬁbﬁiesﬁﬁ@npl | ot pattern can be chosen based
18990) B, SRUELE 18 Hhiot BudBhE 0850 KipuBp i Erprigre Coo

€q, Ejjg; hCIAA aﬁdl d?glgﬁ,arqodtdsrghealtc? lﬁmaiple mcfg)ﬁh emSn:acﬂhdspi rdpgon 400,
o further odi n are | ustrate In Fig

tﬁ s eagh il Gnp Ereiss nHilfiRle PlghEERRolE; g 2 @@b&r of different

Iﬁﬁlﬁle(?taﬁbn ShticiY @acﬁ of fﬂegﬁlfo? Eegé%ﬁs &%gmasﬁg-lb%l f:ﬁl@l‘ér,%.g. cluster

.f arranged i n cluster 404

45(}2!; 4006 and HORtaze gUBBtedintl Crusngjftedjn sue) 3 way ¢ha0a recgiver of
rranged i.n,cluster 408. In an enbodi nent

B oPBBe oy 1 B ey pyp PRI GrD Rt S0 that They are

dﬁﬂr?gbm QvitiPRkp&Rt & Rk pABSsyREBI #6mAUAEHK bﬁfephﬁgﬂ@ ktaBbn in the same
ols, the pilot synbol's of different nobile

@v%@rr Jrhés @mdm dﬁ)nb by ranplmw agpredetenminedphase e%aﬁt ©ge7 saakee function

SIRAFEF B0 AP B 08 8 S SoBbl  cono

thél emabilemigbonef tTe prbuide ebrtlﬁlfgohh]l@typ&ﬁ@ mhet lp%tlucts of vectors
[0040]. In Fig. 4A, each of the pilot synbols Ch

regrepen@ggfth@equgggq)f t]@%sopla@-fgt?tlo@mqeaca cll)@jeg, f@{‘ eagiy mqﬁ)lle station

‘ﬂ%}’j" 0d are assigned to nultiple mobile stations of
reglon 400, that is each synbol period includes

[ﬂ041]| ;ﬂuﬁhfm, Ilmtsomy rdodlogimdntynit & prefdvesd thht thefgilot epinbols of each
| e st s. EFach of th ilot s s in

ol Sg‘?ﬁ a6 Suloasdr! 1 %P‘i‘?‘ % Is ofjech ahelig elgstey 4Hbﬁ%feg1°n This

@RbeHSvided g %@%@tt@ﬂman% SHIRIpRAAIIY &

thafﬁg #ecelver of the pil otgﬁgﬁnboﬁsgpﬁﬂ¥%§q§rg?ﬁggnSymbom

veithyn epelselustenfrommg dkf@rﬁnt snbile @tatlhenbss utilizing atdiffsrentr equence of

scalar functions for the pilot symbols of each mobile station in each cluster of pilot

D]

s
,_.

symbols. Mathematical determination of orthogonality can be made by selecting a
sequence of scalar multiples for each 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.



orthogonal with respect to the pilot synbols from each
other nobile station in the sanme cluster. This can be
wdaom/loy7appl yi ng a predeterm ned phase shift, PeT@S2@®6/009707
scal ar function to nultiply, gach of the sanples
constituting the pil ot synbol transmtted by each of

IoiFar B, oo dimsht i vl PLBPRUSHERRE PRvmat he sipersd whero

dri@g6RAltR6f féffilot HREbAIE acﬁ*@@heaﬁlll ubtteclistdrs B3sbBviaBdiis 8qual to the

station may be zero. [0041] Further, in some
Iéwﬂmjpﬁml@tssymbpls|tbat@r@pr@ﬂdé@p@miotsﬁéb@h dlestersynbol s of

@ﬁf’.ﬂ ﬁ{ ﬁf eé1?§ 311{19 gﬁg q%wopo‘lréégiﬁ% ﬁ' ltﬁtuséry&bag ngeﬁgppmg users,
% gse'fsor : uéﬁ’(fées HPQB@W asyikd Npge ota‘l hﬁlber of pilot tones

e pil synmbdl’s w t hi‘n” eac ust
(fhgp s Alifd gpent _npp) I e station, by utilizi ng a
erent seqlefice of scal ar functions for the pi | ot
synbol s of each nobile station in each cluster of
pilot synbols. Mathegatijgal ge rm natd pn Hf
orthogonal ity can be “ma by &eA ectl 29 C‘g équence of

calar .multiples for. _each.of the. ot nbol
e (L abrescRinStase OF O THIER sat PIuth e Serbighre: dhshicypbed above,

r n
ttngg Cfﬁl%?&ﬁ% otogcal\ﬁfp kﬁﬁﬁ{lhﬁ , gl{stege}:gl?&?%éraofj%c it S ngfS’r é}g)él}] be Slfferent
ﬁoh ehﬁcﬁqmtemobll@ﬁtaﬁcmd ar oﬂdai td pbtain caBibtdno festimatep Iolfmlhe respective

of the o her mohi |l e. statjons in. all th
aﬁ%fﬁ% 5{5 198 gtopferferease, beigicen pilpheyraple,, Moreover, the

Shisicss §hc{t@(@‘ﬂ)g]lmle§.‘rl§aﬁ}lcﬁﬁaﬂéhmgtsuéﬂ‘ﬁ s fre&’fthaﬁr%' ée yence or

stations that may be supportéd, where orthogonal |ty
elotor el mlln@}rmmbs;naamnaﬁsh@ ahainingtsequarices Matbematically, thls may

row de qu to. the nunber of pilot synbols that
%‘F‘H%‘G Jgﬁ&p’?‘%‘c" symbol cluster. [0043] In the
enbodl ments of Figs. 4A and 4B, the q - th user of Q

over |l appi ng users, | E§S Eﬁg sequence S of

size Np , where Np is the T er of pil ot tones

(I'n Figs. 4A and 4B, NP =12 ) : here (r_ ) denotes

ig o4 falh sgbmm rapke Thehouidbe aﬁﬁeéum |ﬂ?ng exnaf@sswq@é abete mAKIx Q< N,.
SCUs ove ueng, . functio

ﬂbﬁé Bibenp! BV?rE%P B 05@‘ ki ?}@F%ﬂﬁﬂeflamber of

t@taﬁf)ﬁ&%l%nbmthﬂfel%lﬁreg@ﬁs in or der to obtain

consi stént estimatés of the respective channels
0B44uBhsedhepanethe cabiowe, afy sebtddrfeqnanee Gevitle@nfubi-daok S enables
synbol s.. Moreover, .  the _sequences_shoul d _be linearly

GoRsistsah el eximation. | Howevey i ethpie gmbedimenb the aei@#c@tlmatwn
zﬁ’:Eur\ég%C eg (ﬁ‘ﬁ&@éﬂ ﬁl%acron%%ﬁph ?ﬁfdeﬁf&s Q)ff d% h% ’ %ﬁ'lbﬁh nt as can be

sequ enmati cal i ne Int
determipedQutifizing XedBatidr (1),. perforfidfice may be improved When any two
sequences are mutually (quasi-) orthogonal in the presence of the channel.

Mathematically, this condition may be defined by

Np
> H,S,,S,,~0 forall 1<p,g<Q,
k=1

where H, is a complex channel gain corresponding to the k-th pilot symbol,
1<k<N,. Inatime and frequency invariant channel H, = H, =...=H,, ) condition

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

(1)

@)

3)



is of full colum rank. It should be noted in the

expression (2) above matrix Q Np . That is, the
woeodsan200f over| appi ng nobil e stations shoul d ROT/US2006/009707

exceed the nunber of total pilot synbols in the hop

regi on. [0044] Based upon thélabove any set of

sequences Qw th g, full-rank S enables consistent

channel estlnatlo?;EHowpvgn) £d? a0t heE .2 g&gﬂlnent he

actual estimation cUra&y may depend’6

correlation properties of S . hi an enbodi nent, as can

or@@geﬂlhﬁ ﬁ@aililﬁ?ll (o, pryy Posrible | dwnpel ) realieatiporiremce tyrigal set of

‘?‘quasn ort g%ﬁ%?ly H’\’?ﬁls% g%goﬁligﬁrlf }Pﬁé yﬂLhé’d when a channel

dvhitiiertmbiteglatithy and Frequenoy sklédtivitywitichés thefdaseef ﬁéﬂedfh& alannels
i =l where Hk.is a conp

" 0for all \.pqg Q (3
Wﬁ%ﬁn@ﬁaﬁgsﬁ’nsw} ﬂs@géﬁaﬁaﬁg %ewwf-'éa hc%dﬁtﬂns é’}%h? substantlally
dlﬁ"erehlpon véticilart éHﬁﬁne;lg ﬁlé(lf/?xle i él¥ vx}lﬂ’l §1VS ca h%ib‘}%pread thereby
msdhngmmnﬁormanqwﬁegmﬂhtyomrt hogonal sequences SI pS k

P, 55 bbb B b SR S Gl i o

Shw llisteRT ?ﬂbﬁ syHbo19 BlabEPEIBSS 1oCBk edddd JaRd hop region, where each
expressi on may be satisfied when a channel

Qugierbist epntigpgusein tlme@“égu BA) eeflien&pquwicEoFigiIB), Wiicerhannel
S 598 GLPEgSal L AR SMAYTELECIAL 8 LSlgiichton of

Islcbsdymbbisahﬂ }tm(ikl: faharﬁequeﬁmy @b @dmluamtyz remne!l shaafel @f time and
hannel s with a _significant delay spread, thereby
SBIGREY ndlenge peaking HfcentRsgrensst ioBhoSeIId AYFr Aach cluster allows

&i}nﬁﬁié es
USSP 9% BAESESEIR, Fepok Pl B g o of
csz;eﬁbppmg piohde dtations ¢hat oart be oﬂﬂmabﬁvdrrwd‘yo@uxtagisdnmted to the

wher e ch cluster_ is _contiguous in _tine

i idhe aP%ta%é‘ﬁ%%ﬁe h?rsN Sé?theﬁ}ﬁar@@lecﬂ’@ﬂﬁ’em(ﬁ}&sr Aétanér@ N, =3,
b e ) o i eI Ga ctans psppater dqrrh%éo%fy in such an
BoddEaGY ﬁ’ﬂg ?Ogtf Ew Eﬁﬂ%]? fol ke ol%a n% sufrf‘ic eg??% 616%1I¥apractlcal

requency. ent sequences

LR¥BhicCAFRef l$S]V er t%%}%@dlmﬂ' th 'k@%};] Qﬁln&bﬁlgl%ﬁlt]h e§ P]rd: onal over

pot enti al awbac hi's sol uti st

éVeryoMedtbi2 Btk ® hef® Rialy deSsotel i0RE s JHBS] iARPFRBCOT H@:ﬁg@ "éﬁf}rommate
over every cluster is limted to the size of the

%Th@g@@hty aeﬁdxees@lfmw, with somg peHerresnordbes efHimm andfor frequency
var}gng chndfd 1f é% NNC =3

[0046] In an embodiment, a set of design parameters for the sequences of scalar

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

* Any two sequences are orthogonal over the entire set of pilot symbols,
thereby satisfying

Z S,,=0 forall 1<p,g<0,

* Subsequent groups of N, sequences are such that any two sequences

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

‘@

)



and hence up to Q = 3 nobile stations can be separated

orthogonally in such an enbodinent. In fact, a fairly
wemadsliozanber of Q is sufficient in many pract PCaius2006/009707

scenario. Wen Q>Nc , it naﬁ be difficult to keep al

nobi |l e stations orthogonal ér every cluster, since

there mgy be some inter- syrrbol i nterference. Hence

appr oxi t ho alart < S

perforng é’"c ’g”%;mt%zxceyla or ff’mE rt{/a’ﬁ/v' 30 P ©

channels if Q>Nc . [0046] In an enbodlnent a set of

desi gk Aplathena¢nends 1S, of hll the gepreoess h:etvesmblstantially equal absolute

functions S=[S 1 ...S Q@ may be defined by: Any two

sequen@ss @gempﬁmhnqébéhesn@3@$M% entire set of pil ot

He e it h%ﬁ ehistrs ;ﬂffesclTl i 58 élila(ta%lnmber of
B o Wgﬁité“rto'f”pﬁ g[ 2“? are mua c|y+|°rL 39°”a
On<
B Al G ihaitRa: e waliset He Sy rﬁéqﬁ TSR bxponential

BB ool BRI TR oY B VSRl BlovidiEhy el scauence.
idier, t fACtH BRIBbdiB{enB)i thet g%lgg_d[vggdcc. Seh@%@gg nhdy B made mutually

enbodi nent, the sequences are created

ch‘ﬂio@@nzﬂ »ﬁﬂﬂ@ sdchallustet e phrdless 6Pclustar s1§@s1h¢baéprhe1t§ an&&mt limited
ergy per synmbol provided by each _sequence, Furth

Paptiular spEpietend, With thegegrmsessefidn seery kbt %@r as@ss all of

I
TR 00, S 8 e 0
pdpuiatlﬁg the ipea-tlosted gortmmk tacpkes]ustend Vi cathde seen equatlon @)

ue e sed in eve other ter .a all of
Bi¥ ot Lisegee Fougey Trpyes (Iﬁ#ﬁ}aé%%ﬁefﬂeﬁa
sequences wi thin each cluster;rand (ii)qpopul ating the
intrafg L(N erplp%\]t)l ons @c( "I ust ers. Th| s’ 'can be

seen (71 wher e 3. NXN| Degkr et esFouri er naV22

Fiﬁ? g’“?@k DR %{a\& S ﬁgNé ilned 57T$:OOLF8] The -abbve " (7)
essian (7) frmay be witte n @a conpact bil.ock fiorm
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e o e N

[0048] The above expression (7) may be written in a compact block form as follows:
S=[S,....8, | = (F (M) ®F (N.))_, (8
where <> 10 denotes matrix block spanned by columns 1 through Q of the original

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

S=[S,....8,|=(VeU) _, 9)
where Uis an arbitrary N,xN, unitary matrix (U'U =1I,, ) and Vis an arbitrary
M x M, unitary matrix (U'U =1I,, ).
[0049] 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.

[0050] 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



i:b (8) where ( ). denotes matrix block spanned by

colums 1 through Q of the original matrix. A nore
wgeomriato7f orm of S may be given by where U i s aaT/us2006/009707
arbitrary Nc cNc unitary matrix (UrU =1 Np ) and Vis
an arbitrary Mc xM unitary matrix (UrU =l M) i
n agsratel

R e btk o R i e G B s wsed 1o
ginkwite therdynibslsafor mﬂsnmsmdm ah dxiva }mhn%tsflﬁft Ssh bysplied @vtiflg dormation
1S, e to the n ot s ol s that are
o576 hiBhols Sstng b PGSt Br tSestbim fetssiop i soagisting the symbols
ﬁpﬁgﬁgnﬁgﬁ{m t he exponential functions utilized to

mul tiply the sanples of the pilot synbols are

19834y gt dle mquﬂmrgs wdelgSr die and 4B e thet ﬂmfpmﬂucts of vectors

AP S Mt BEEE G 551 s

19EV1BE aére. t]&ﬂ‘@w@b&ﬂﬁﬁ'oﬂl& @mbbiiditnd e @Mot B @Xd." B tRPEE arranged
shift is applled during formation of the synbols using

orbatyendy qups-oribagonality befyysen the seanencenaf the sgelae factions in each
diiSer THIORN Sndiffe ﬁid’:ﬁﬂ?ﬁ&&%fdg&‘ 48[ 0051] In the

ment s the inner products of

[0852]oF wrthee im émae ts1t1r9glohsh avinegthententef of idbHE 8lafbns assigned to the
functions in each cl uster for each nobile station may

e eien. 1s detethan the AUbReo! BicuHAoM assigned th hoBep reion, the
seaaLshift nf%ystil?ﬁb@&écﬁﬂ&?gt the b'él%:llaagtat%ﬂ  order to to, be, ytilized to perform
quasi - ort hogonal i ty between the sequences

interferencd estimdtions Therefarehthedeysitos Isynhbols emmbdm’tﬁlﬂe& for interference

SO shEe U LSl B GE D L83 o it symbs

Bé gmlefimbﬁﬂé BietiRRs§i 8HdAH theShd hhan the nunber of
b?”lstl ot % nbol s assi ne%&lto t he r?glgglpegl on, the scalar

9ﬁ3r]t%e gstol Flg §e adwse detiomtwitthmulizple settarsiion imltiple access

t forminte rence
85 el 85 S REEREP TSGR Pt 4 base
statnohISi)GdncﬂﬂdleslIﬁﬁlepfeemwﬁQQ gfdifpk BB hhtefinsi J02E504) %Yld %b@ In Fig. 5,

t hogonal Qr _quasj -orthogonal wth r@ect to
antappa i Fhoiner eaphisnfeans gepupSR2 ag@é@ﬁ,tmww@, multiple
Lo Fi base st o)
a“%‘*n*e‘%? B nitzE) TRERSIS b o each aBehfi ol 30 B, ana
566 mmyrtiecutilizod te povike spatixd dikicndgtyt an tlﬁlbﬁﬁbﬁdbmilﬁmaﬂs transmitted

| | ust t d. ADb t at 500 inc¢cludes mul ti
tlom SR S B2 SanemondnecBotos0R Additon e the petia) diversity

providdd (% tl@é‘&ifféf&egﬂ}%daﬁlo%ﬁ‘t% of ¥e cﬁﬁ%@n@ﬁﬁﬁ@@&at%n@u p

502, 504, and however, nultiple antennas may be
[0854] i Bash_ arimaargrbe P02 304, emdax0606f baﬂehstaurheﬁ@(a igeanfipured to

oAl B Shonte B et £6 PG by Pabeclitoneao. 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
base station due the orthogonality or the approximately orthogonality between all of the
inter-sector pilot symbol clusters.

[0055] However, intra-sector interference may exist for mobile stations near the
boundary of a sector, e.g. mobile station 510 which is near a boundary of sectors 514

and 516. In such a case, pilot symbols from mobile station 510 may be at lower powers



fromnobile stations in a correspondi ng sector, in

addition to the spatial diversity provided to the
wdi2ddeeoznt physi cal | ocations of the different paohiSkm®e6/009707

stations. [0054] Each antenna ,group 502, 504, and 506

of base station 500 is confiaﬁred to communicate with

[ ' ' r..1 e ered by, bas
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sector 516, .and antenna group 506 covers sector 518.
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stations may be accurately no at ed
Goraranteanne §02 whséoor, 5 ldn dcautdte estimaie bf treadhlaymel af nidbéle station 510

SR R 508t rgishet e B EcRiOKidRe oHopfge, if the same or
duBbtBAtiARThOEarRd teeiti R used YRS Soalak ARRRI 1 OMBY Bllot symbols in

intra-sector interference may exist for nobile )
diffarent Aecters awith Wee peasaretapijot glesigns pdobsymboly transbitted by mobile

' ¥ JdiS. . d f .51 c
SEHLED 10 MR SRS PSR Sh s v
scheduil@inbsBtorl 4 @ tht shawiop ROMBI 9§ REIbilRi stabion H101E lséheduled in

from_other nobile stations in both sectors 514 and .
59187 16y Eutherainssompsgasesndepsabing endhapower congokgtatepy utilized by
1B AU ' i ' i
B e taloh [BRALH 1l Uik SEEBhy, Ml AoV IRESHAbSIs from mobite
Samnoy08 map sulsstarttially st 6eed ithgn siigaalntayel fofdrobife gpativyr 5l0sat antenna
i ncr ed fromantenna 504. In order to .fully bepefit
%f%ﬁ@ié’gﬁ%f‘céﬁ?r % Fﬁ?ﬁc‘éﬁ%’é’i‘h‘f—‘é‘ mebilsplatien 50F ing se to the base
Agfodrsmpe estimate of the channel of nobile station 510

bet ween antenna 502 of sector 514 should be provided.
085\ by orderf totdembsiine infra-sagtss tistenferghée thatmay anse, scrambling codes

nces.ar.e us for. the.scal ar ltiples of .the . ..
BFTHEUEGRER! B MRHherPhioni 126 BBtz e Rimpinatiipo individual
1Rbbitd statismb O mayi YeQhe SR Tadl GBI NidLAE sRYioAPBIrth@unicating with
station 510 nay collide with pilot synbols transmtted

gyingiykiuabsestost iIp an sobodinent these speific serambling eedes allow sntenna

[ i L at i hS
B0l 55 B8P 2 SaRb I Bl BB B R 210
[08FF nhti thg case therepovimplecmobileobtatén &f &gigned itd i @@tiyhop region,
the base station to control the npbile stations, the

BemReCIG Aerarghling segBnces pnheaBpyided sathaevehgmabile station in a
SRSt ndlkky ueXse8d sihe Pﬁb%g%e%icg;}’ﬁ% ﬁeﬁsﬁ‘eﬁbﬁ Sgtﬂfse sequences

Station 510 at antenna group e sector
iederstibed thwhspectntodige 4t autdi 4B BOtheiexamblesef Rig. 3, haobile stations

sg;stati 500. 026] In order. to copbat the
SRS F10 B 5T itk o BrOirerity SronOune sequiers g therefore
sufiest BRdnbPestifffioh Haylhe@chibid. € stations. The
scrambl i ng code nazﬂunlque to individual nobile

(9938 i Wihsreonuliuple webiltetatienseare,car raaiche, gissighesl tonbidnes hop region,
t%a&ﬂp%b%h&so ng AtriDa ¥ trréduce intra-cluster interference. Firstly, user

. specific scrambling sequences may be utilized if the cluster size N, is greater or equal

than the number of overlapping mobile stations in each sector O times the number of
sectors in the cell. If this is the case, distinct sets of Q different user-specific

scrambling codes may be assigned to different sectors.



an individual sector. In an enbodi nent, these specific
scranbl i ng codes all ow antenna group 502 to see a

woaopas2d7e channel of nobile stations 508 and Ba©US2006/009707
[0057] In the case where a single nobile station is
assigned to an entire hop re P on user specific

e TGRS bRl o
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ch|eve Whére nultiple nobile stations are,
casesnmyeche speshic spradbling sequenve nhypba wijized alongovith the user specific
lp&frg,:faches rra be utilized to reduce intra-cluster
Sf PESEREEC® Firstly, user specific scranbling

ences may b utlllzed if the cluster
BT Broosir Skclic HARPIEHEAUSHSEIS B1o°RRREE? Ao b, obes] of
stations in each sector Q tines the nunber of sectors
Npcomplege| funciigny hithatj s mHBplyasdhe dirgineqidte setlgmepts Q of  the
di fferent user-specific scranbling codes maybe
sagusngere¥ =19, -¢iFlefarail m@lzilecﬁta:twpe@s@famﬁ;mwr In ppelf peusisting of
cluster size Nc is less than the nunber of overl apping
Srosttoes, atsett 9fod ssecior spedifie serambling sgqyeaces K, , nurhe mayfbe utilized
sectors in the cell, this may be inportant if a goa
tomuijplydhs shauenpes i(S={9, -k qﬁdh@ sonde atatipps. aln| Silﬁlil tléase mobile

pi | ot overhead, user specific scranbling codes may

stasiogs patkin Jidferent rseca@ré oF SKERPlE eSO Hldetided Enihat may;l,la%mobﬂe
f ol

SRR 35 PR 4P Y4500 s

‘151@%; gﬁé{ﬁ& 9&] §ec1;or\ sptfg]gics c(%grln nﬁjgi&{u%gcpe%g%daggqie Wifized to

nc i.ons that the respective elenents of the
]E.ytgggs%Sp'ecf%usfrargbﬁln%eﬂuﬁme for all nobile

[00@!]' Om§larly 18 HeABpRETd Srambling i€ & pre€@fedi thhi Hl0 offthSentries of
sectors, a set of S sector specific scranbling

Xoquskg éevaapprOlea}elmuazl abgelite vedutstto mmnﬂanpmpr@mmtely equal
sequences S Pﬂ&fg S Q. of the nobile, stations.
ROWER batw:e&g dhe pigas; swebQ%Sat lincm%ermhﬁdﬁnwt% fibisametered thst §ntﬂes of

%O, At % g gfsf Ct{hg{ gd%fg #@o{u gsgﬁibgﬁy nbae}/ fgebé}Jn%ol cluster,

speci fi
r .
%%%@E#Qgec%?g?%%@. aﬁ’lg{lféﬁ y %%Céﬂﬁéfaﬁééﬁﬁﬁs pdfic sigmbling
. séqhced satisfiesd shamldrsdtisfipegnditivm (3. Ons pewyi thiappmaciatibthersgoice of
sequence [0061] Simlarly tg usef-spegifi
%98?3&1?&5? |<=ﬁg}1 Sqo{or SReGiie FRGUPRGE Kinat> Kb [COBYISE ﬁg%ﬁ%hafl&veosﬁmh of

equal absol ;éﬁ{ | ues

Sﬁﬁlﬂ%}f)g‘i ﬁ&%@%%l 3]5{ rege[ng)g;gsng (f?l Iy sequence are om someo 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
scrambling that are based upon the potential channel environment. Channel estimation
error may be computed analytically based on statistical properties of the channel.
Specifically, a trace of the covariance matrix of a channel estimate that assume channel
correlation structure based on an anticipated fading model and parameters such as

mobile station velocity, which defines time selectivity, and propagation delay spread



power between the pilot synbols. In other enbodi nents,
it is preferred that entries of X1,..., X be such that

wanyoep@2a77of pil ot synmbols in a pilot synbol clPasuse06/009707

corresponding to any twy conbi nati ons of user specific
) and sector specific scranbling sequences satisfies,
which defineal Gleqandys sglectnigi t iThe {id)yticAhexprassids &R Pthe aglhitOm
. he chqgice of contents of each sector. specific
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channel £@HHEWE @BthSUEH Othet SRRl 8FRAL 9 beAMEA Yo SRAHER R oo
taken from sone constant nodul us (PSK) constellation
of Xi,...s¥glesagllQPSK, 8- PSK. The selection criterion may be
based upon the "worst case" channel estimation error
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0063] IrSan Snm@B&im: 3 T AR
[ : [%%63] Inegﬁlwélrerft;\!ggi%n&ernt V\higlljgﬁ%ija rog?léﬁ%ngng\%ﬁ%g?és the

modulatiqubsphbme] Dsetiof settpt speeificasrarhisinpodgheaicto X, $.CHATEthapms et
.. of sector specific scranbling sequences X1,..., X that
be utilizegpis shewntin Tahdel 1i beleWowRa¢hn efltaplof the WaHlowpeddhah] end 1y

he t gbl | fi d c onents of everyX k
°°mp°n31§£ ?Ir ?Ver%igselaigg%’é‘ﬁ?els#ﬁ < W%é § % &p =i | [0064]
hi_.so iments, .each cell in.a co ni catiqn
[0064] Innéeotn\’?/\%%%bﬁdé%%g%tsi Picheoelin 3 sonamupisation Betvopk maycytiize the
same sequedi fbi ectl kpdtiid RabBaeRERSced 0065] Referring to
' a multiple access wireless conmunication

[0065] R%Ff;?’gfi”&%%&g- b co Manlplet ecasowitsless wbodiumination system 600
accordingitb laﬂéﬂlélaér%d%eﬁtqg ilﬁl\éﬁgt%d.\/\ﬂmeﬂleterx}gntsw 5 the gasmé) getsugfe LI{SGI'
specific and sector specific scrambling sequences are utilized in multiple cells, e.g. cells
602, 604, and 606, interference coming from the adjacent cells may lead to channel
estimation accuracy degradation due to pilot symbol collision. For example, a channel
estimate within the sector of interest may be biased by the channel of a mobile station
from the adjacent cell which mobile station has the same user specific and sector
specific scrambling. To avoid such a bias, a cell specific scrambling may be utilized, in

addition to the user specific scrambling and sector specific scrambling. A cell specific




speci fic and sector specific scranbling sequences are

utilized in multiple cells, e.g. cells 602, 604, and
w6Qeane/tozit7er f er ence coming fromthe adjacent cebCT/uUsEN6/009707

| ead to channel estimation acgcuracy degradation due to

pil ot synmbol collision. For anpl e, a channe

estimate within the sector of interest pry be biased

deyarhbimgcdcheme imayfbealefinkd by Ist{Y on. IY,\p;rEI t hichdp acectbr of scalar

cel | which nobile station has the sane user specific

fanciicschamdfiplgithe msgactinerbdquence ofpilay ginbdsifon eaerlpinashile station

a cell specific scranbling may be utilized, in

adgle tdeln T hRallis@jueBRB I pilot SombehI Z1) [?zs(ect LZy oo |
specific scranbling. A cell speC|f|csc§aan ng "Ehenma

Whith Rerdgionae b B¥nothlestafion. with .gXkPuSer spedifivlbrablifg @ the s-th
vector of scalar functions that nmultiply the
seetop of theve-tls exjueny defirfedpis faiovesy b sdcsorfspeci Ay eerymbiidig 1sentilized:
statiogn in the ceII The ov%rall sequences of pil ot
sy ol s.ocF O Xz ‘Wil S EF <655y, ©= 1 2nhi cH0)
orrespo]gg to % nobi | e éatlon Mﬁth g -th user
6%“6?11‘%1’80 PEAH tlﬁélﬁrﬁ’tt‘rﬂ th sector of the ¢ -th
cell may defined as follows. If sector specific

scranbl ing i ut|L|§edykc[< (V\9<)ST‘?}7}Ef XK XK G, k (11)

s S kg [Ty T sSéctor speC| i'c

&95&]"?' 'zplgza%? I&?&lfnlfééf ltl'lez ﬁ&' ?pﬁktcﬁo&g%gf 0 é a%il dlS reccl§nmended

whmtgbnEdmimatu&amm&néatWhmtgpebtf|c scranbllng IS
recommended when §>1 and i s not recommended when Q =I
e

[00pTloEPjikemparkspoeifie rand seeipf m@cé'wdsosenblmg, spaertiquiar optimization
gft%eﬁ%e&ﬁ@ SCI lo hpg%gé@ek%é rrtlggé t"?&é@%é 11\’&5: (!l 51gn.|;harameters that

ﬁmpbd&ﬁhgﬂfmaﬂaﬂeters that may be utillzed are that:

AU the elenents of cell specific scranbling sequences
have squal AlT9EMEMensR)f]cel Q?@dlflb ScrambaAP lsécFﬁn&@qtae@ €§ial
di ffepogubhstantially for different cells. [0068] In

the absence of pre-determ ned assignnent of cell

speci ¥ ¢ seelhsnscifiegperathimgseguenges diffenstbaiontialbf fobdisrent
staticalls, a (pseudo)-randontcell speC|f|c scranbl i ng

enc Lom SonE st ant dm
RBARICES iy | 53%ReR OFF ACRPERhef DEREHROATRE) solh spesifiq sorambling
deqtidticBg oV diar S@ibrlS PERds istatidRe] lae@)ﬁﬁﬁio)—}_ﬁtdﬁﬂf ddliedpecific scrambhng
enhance random zation of cell specific scranblin

@qbwe%&ams&oewné@ﬁtdnﬁ@tlu%%l@fcoe&tpﬁﬁtﬂm sygh ge@ﬁgﬁe &< SK may

be utilized in forming the Y 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
some embodiments, the periodic change may be every frame, superframe, or multiple
frames or superframes.

[0069] FIG. 7 is a block diagram of an embodiment of a transmitter system 710 and a
receiver system 750 in a MIMO system 700. At transmitter system 710, traffic data for
a number of data streams is provided from a data source 712 to a transmit (TX) data
processor 714. In an embodiment, each data stream is transmitted over a respective
transmit antenna. TX data processor 714 formats, codes, and interleaves the traffic data
for each data stream based on a particular coding scheme selected for that data stream to

provide coded data.



cell specific scranbling may be changed periodically

in a (pseudo-)random fashion. In sone enbodi nents, the
woeoiend2007 change may be every frame, superfranmeCTms2006/009707

mul tiple frames or superfra . [0069] FIG 7 is a

bl ock di agram of an enbodi ne of a transrri tter system
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tsqxls@attﬁss 732aNthrougha g2t arechen (AMER)ted XRam t¥ir entgimag 212¢a through
d c1vd"tter 722 receives and processes a
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[9072]1aAS receiver Eyktdrh 150 Rtk dnsAntfed(Bodulated @Péﬂafs' &€ recejved by Ny
filters, and u converts) the anal og signals to provide
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. d f
ROk coly] S SRS LSIIAS 3, e,

amlfien,asndl ddantdnverdha Iespbctiveerspeivtd \einyl, difi0Ze 1t conditioned
rec?l ver sy stem 750, the transmtted nopdul ated signals

FOeR;reYksls dappleprand finghes psocesses thenvopirles P Fpovidne cerrsponding
cfr@&ﬁjegegynsg,(g@ggm{lrom each antenna 752 is provided to a
respecti’ve receiver (RCVR) 754. Each receiver 754

[067&i An RIE déta. pyogessar [768rtken mogilest ar&]sproa&’sdes the N received symbol
ownc ve s) are tive receive gnal, digitizes
fams. H} Medgceeavers 5794? %ased on a partlcuija:r receiver procegsmg technique to
provide Nr “detected” symbol streams. The processing by RX data processor 760 is

described in further detail below. Each detected symbol stream includes symbols that
are estimates of the modulation symbols transmitted for the corresponding data stream.
RX data processor 760 then demodulates, deinterleaves, and decodes each detected
symbol stream to recover the traffic data for the data stream. The processing by RX
data processor 760 is complementary to that performed by TX processor 720 and TX
data processor 714 at transmitter system 710.

[0074] RX processor 760 may derive an estimate of the channel response between the

Nr transmit and Ng receive antennas, e.g., based on the pilot information multiplexed



signal to provide sanples, and further processes the
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woekoman207f 0073] An RX data processor 760 then PeTRISY®S/009707
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[0077] Controllers 730 and 770 direct the operation at the transmitter and receiver

systems, respectively. Memories 732 and 772 provide storage for program codes and
data used by controllers 730 and 770, respectively. The memories 732 and 772 store the
pilot patterns in terms of cluster locations, user specific scrambling sequences, sector
specific scrambling sequenées, if utilized, and cell specific scrambling sequences, if
utilized. In some embodiments, multiple pilot patterns are stored in each memory so
that the transmitter may transmit and the receiver may receive both frequency selective

pilot patterns and time selective pilot patterns. Also, combination pilot patterns having



transmtted back to transmtter system 710. [0076] At
transmtter system 710, the nodul ated signals from
woeewivsr77system 750 are recei ved by ant ennas Pe#,US2006/009707

condi ti oned by receivers 722,, denodul ated by a
denodul at or 740, and processgg by a RX data processor

Q r. th r e the recgeiver
oiort hobF OF s ol BRAI P breig GG channcls may be
wttized.0Thie rall3@6 a anadsmisterlto teanihjt LgleCifidipattern/tRselipbn a parameter,
rates and codi ng and nodul ati on schenmes to be used for
uf 2 deRIANLeBEACE, AR IISPINGAR 8R HsEruchen Hem thobase stagionor

a .
o obis QAR Y 17 S S RECRERARE nfclor bR, yser specifc
screamtdinigt tsequeanch, r gclirv epecifys t enamblimes peqidneed, yand cell specific

SRR edeaeye bt TURFL I risgtisge ofbe Bt Eof 1
[08FHEeRt inLe¥eivdD & 108655103 deshubd Mal B Gsdd'® M {;éc%g the Nz

patterns in ternms of cluster |ocatlons, user Spec
rgegi vadiignads oalstrshthedVr tramemaitedsyyabiol steeaysr dfose megeiver processing

! e b outilize and cell specific.scr l i .
SEMERE ey b Hblwi Bl B wiReeBRise OSSR e fipaco-time
pédivdr frodeseing SechhiRues Grideh bft Mas RefBREDT0Y asSublidtiohNBchniques);
transmtter may transnmit_and the receiver nmay receive .
amdt KL r SHeRERRAYP Stgllérgﬁ/t;qpéh@qqogt apdt t@rﬁger@qd cmqﬂ;latmn” receiver

&) Q | - . 2
ELGHL RN S L5l OB PP concnion
ar ameedssveamadedintonitrecsivagiresssing techaigne). s may be

il . Jthis. al]l ows ransmtter to transmt a i

@{S@Ji ﬁﬁ@e&é&iﬂﬁﬂ%@%ﬁéﬁ% systsap Ahretasie sYStsEhmAY berappHed to a
HSAUBPESingdE-oliBuf ' it d
ISR Loy BREANSA NS Lt 2 W, o e
statioac trangimit bneo br miee fHinitel sprednetons singkeantepe clefice, e.g. a mobile

cramgl.i ng sequence sect.or specific scramling. ..
Bl At RIS Y sBef RSB iGins piaigh st e e inthe same
rh&hnBLad ddstrizedvitirekperPfoFigs7.on of the pilot synbols.
007% At the receiver, various processing techni ques
[RO811 pRefgging to Fig- obes flavhechnR ofee anetbad sifgpikitssymbol generation
h L t. nbgl _strea Jhese .
S5 6% ool TSR, SR ] R e
spleCtedny beatagnitiedsdufing shed tepiorafi8mSP pektichlalhobas &tatieh, block
8@roc SSi nq techni ques (which are also referred to as
QuatiesaPilehsymakal huias yayabriall jaligneds fps deasgmipsion in a frequency
: .80 | [ en C "
SO BTV EY of B AN L] SHETRB) <5hf SoloBllly of clusters
some ad whichcare sligned fontrenshessiorcia chepehtysdlante and a time selective
»sucecessive cancell ation" receiver processing
p@hi que). [0080] Wiile Fig. 7 illustrates a M ND
[6053] €Dhcel IR SilfdtesyRIbol AMsERY 2B s@BREH €4 deRrRination is made as to
mul ti-input 'single-output systemwhere nmultiple
vihethes dha claster pf &, base gtatiohds eviueh shebmobile station is communicating

supports, or is in communication with, multiple mobile stations, block 802. This

o)

determination may be based upon predetermined knowledge of the network in which the
mobile station. Alternatively, this information may be transmitted from the sector for
the base station as part of its pilot information or broadcast messages.

[0083] If the cluster does mnot support communication, or is not currently in
communication with multiple mobile stations, then scalar functions are applied to the

pilot symbols that are unique to the cluster with which the mobile station is



station, transmt one or nore synbol streans to a

single antenna device, e.g. a nobile station. Al so, a
weioglie2woat put to single input antenna system pay/usen06/009707

utilized in the sane manner descri bed with respect

to Fig. 7. [0081] Referring Fig. 8 a flow chart of

S LBk B ULy BSTRER, D\AGE BTN Pl i may

e stetedris thsm:obile stadidn tand hahterdad@andmg d»nCHJibdlcfw liaeﬂmﬁrdatlon signal
ion f a rti mobpi | e _station ock 800

tii*ﬁtgé gathp Ei P%ﬁ%&% Pliqtﬁ’%%lwb&a 35t messagaed f or

[0DS4)STT B8 icRfter Mods & Ig,ﬂ)ﬂe&ﬁﬁﬁnﬁﬁl:ﬁﬁﬁﬂ With (nllzﬁlﬁgle eiﬁ%blleastat%'ons then

time selective chann (Fig , Oor a conbination
awlas functiosome applighicthegrilot aYm‘goie dhdtare tmigns 0o i mobilastation,

g b e ri e odtieny e Gralef Topions Ty Bbapaalécaition may be
Kb@écﬁﬁﬁém @t u8fuk SAsmERT aSed for ?Et?ﬁfont &eprelidsd 865 tRf advi& at the

base station in which the nobilTe station is
teaepdmpRERstA- supports, or is in comunication wth,

[gﬁ# ' R!ftgr l[%r lﬁfncﬁtoﬁg ' e l?l‘llocekelélglég)ei;g P?ﬁt?{e\alth which the mobile

rmnation nay aded u

stationl édgenmimicittgnat e mkobile svdlios HtstifearbRpplicdl tttaé 'pﬁGt symbols,
Alternatively, this information may be transmtte

FIPBIT BoRIeRca: o soals Tungion 48 apalics Ao REopaymebals, bltxé< 808. The
s@hl!lé%e | 5Y QLR rQRiBhs RERALCRS indTRER aﬁle%/hltlhol(?@ m%l:;ﬂet Btion is

cl'uster does not support communi cati on, ofr
®mrman¢dt1y1gl Thisosraian ﬁumtwmmawvtaj'y onelr izl ff em'ibbélbls not specifically

P D P R Bt B3 B R Mo, a1
tWRI (ﬁﬁre&ﬂ&ﬁ RBpilR FhdbisOfal $E IR EAL fod thd ln%ﬂess%’ﬂon to base

an enbodi ment, thé scal ar” functions for each sect
stedipnbe stored in the nobile station and utilized

ectoy identificati i. | that is
BER"TA4 HoeB Bpfeh YiocuhEl vl Fbesla il gpbon i Smbpctiment
inessageshas¢ QBB DT khc Bﬁﬂfe‘ StEfsles @@ ToBdRRR the pilot symbols. As
comuni cation with mJItHoIe nobi | e stations, then

digogpesfl vrithwespesht Bige 4ppiB, Sdand6 tthﬁescplar mctigmbut seletted so that
SECHPRUPRh, RO A BB L0 Lo LRSS AP RIATHBTE fom e

samatmoblle”rmytldﬁe ibasied piloRynbs] thbkgkeaddentie sffe USEGther pilot

|strat|on or, provjded to the device at the tine
Sw%ﬂﬁfﬁﬁ% ters dof th ef[fe‘d%g] staijopg thesame secter ofthe bs statinny

[00%7] VR QH&itiSH ! RGS btlgcktshﬁeséﬁﬁécﬁ Fwivdh tﬂaf,ﬁ@'ai Gh ¥ %ﬁ Mb# feach be

station is comrmunicating or the nobile statl
implemeppsdi edono Or meorpi thsttuctigmb oh s, C(ampmtblereaﬂamel en@ba,ofuch as a
scal ar

bR LM LR RN A —

[0083] Cl@éﬂ-,rrin@ toAHig o tN Bowripatt &% ABTHOA of Sitering pilot symbol patterns
according to an embodiment is illustrated. Information regarding channel conditions is
obtained, block 900. The information may comprise SNR ratios at one or more sectors
of the base stations, a selectivity of the channel at the base station, the desired traffic
type, pedestrian or vehicular to which the base station is to be optimized, delay spreads,
or other characteristics of the channel. Further, the information may relate to periods of
time, may be part of a regular maintenance operation on the base station or network of

base stations, may be based on increased loading of the base station or network of base

stations, or other times.



conmuni cating. This scalar function may vary over

time, if each cell is not specifically assigned scal ar
wouowtiozns t hat are known by or provided to thecmwisedoe009707

stations. After this operation, the pilot synmbols may

be transmtted fron1the nobi 28 station to base

P08y B iniotmiagon g salron P AFoEBG BerARTS] OB Rt th sector or
Méé‘%ﬁu&'ﬁ ' lfl&ck0§023 aThe Qhatlyie n%@niﬂal Sﬁefeﬁﬁ{naﬁ&ﬁ‘ Sihethel ehe Sfinmel is

| ot synbo s. As discuSsed with respect to Figs. 4A,
ueﬁcy sedebtiges Hmestskictive,f ame tcomination ofdiadlot SKhesanalysig is then

%ﬁw&l % cget%ergr of @I tI o %é%? g‘o at3 ?ﬁeﬁg g_%)na I.%(Ii ﬁgr%qﬁgblle stations

thhthp eomﬂluﬁica%rwm higd segyorien |ba§d stafic, Hlakad04n THee ploEsymbol
and other pilot synbol clusters for ot her rmohile

Jusders gray benall ghgredsior frgpsmaissiom &n pfreguencyt selstive GﬁsﬁA), a time

:Jé:ﬂecﬁggbﬁ %“E$%$l GEK SofERAGEIPLEE LR bESREGhidiPar 'aﬁgned for
may ea menfed as one or nore T nstruction

mSmlssmmutaefreqmdﬁbélectmchnd a ameh;ehstme chemmely lehsmmﬁc pilot

are i errente 0 o | er, or oth

Ratiem § eél may us%flg)(ygagf tf;\f@p étqtlé)ngltlbat cgmn‘gmlcate with
fhb QLRI 6f srdFRiR ol tifle ta%rthé‘ ala%hbé?fc 1§)ﬂé¥f@fmed again for the
patterns according to an enbodinent is illustrated

basé stahert orsectoegar di ng channel conditions is obtai ned

Y0807 pie ™ttt Shegiail B af8PBl o SomhlnRRfk at o base

SRIRCIri Bakd Yta@dn dreorChaRRBLctRn thieb s fihdtheWase tBRon or sector
desired traffic type pedestrian or vehicular to_ which

tohthepmebils istationn 25 sparb obehe puitiglization efeFelyps prasgdiye. ofn some
?gdﬁlrrr%a {{?rﬁ%ﬂi{ah&é lagtsv&él?%h tptﬂgt ?ﬂgéf’ﬂ +Se{ 3 ctllhce scra.{l)‘ltaﬁn% S?quence

smf:toa spegfid scrralmahmg SEABLED, an@'bﬁbelb Bpeifid hﬁarbb\laeg sdgatncenis to be
or.. network of —base stations, nay be based qn increased
vidigad mpydransRitied s @ RIPETPISPT OPC RBIAET Hatg Pagetithat are ‘ransmitted
t { T -
B0 2Rt & bl Wl IS Ra ARl B Bl Milafzation or s
gect or or base statlon block 902 The anaIyS|s may be

@Q?&; ftrsgq@ﬁgﬁvp eﬂéﬁ }?sbs?rqulgsp glgclhh A4 %e 5 gpteﬁgllnﬁ the number

JMS1RBAWYSE $o bS n{aﬁk%ittb'& i} éa’cﬁ@lﬁs@br%@&)ﬁbf@ ok #id @b groupings of
synbol " pattern that is to be transnmtted from nobile

y
pilait $rorbols hactxlsmayha: bhaeles i deserdbedi witht tespess ctooFigord b@%’e each be

statio bl ack ot syrrbo cl us
B 356 o amec RSB My LPPRyeE bt Bt o5 o
fbingry AYemdvabiahedR) edichy areCigila@bntédivg. a PBcessof, éontroller, or
conbi nation _of clusters some of which are aligned for
‘?th%Frﬂl?ﬁtfs@cc?ﬁmPﬁr}’a frequency selective and a time

i
802 Th FfifAS peoB BBER) b L8 Plond o h yAFNE B, For
@mmp]m itleead Eeohmtlhes 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
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic

units designed to perform the functions described herein, or a combination thereof..



t he base station or sector until such tine as the

di agnostic is perforned again for the base station or
weeatsmn207f 0090] To i npl ement a specific pilot partsee/009707
at nobile stations comruni cating at a base station or

base station sector, an instrdction may be sent from

base station . gr sector. to,th bile stations as
DB BR e st B EREn ot teoreed Ridiesd gdh may be
BB aaD difiebsuled (.01 PaddedtregSfunblici, phd 86 ddQtth&rgerform the
user specific scranbling sequence, sector specific ,
Waetions| depeyibsd dgstie e Thentpliyare epdessipay: ibejstored i gy units and
: L : .

GROUETEY plPolshss” T Pkal bERAMAR wRtfhn the processor o
dxtanamot thedprbéessora ib aglecls cada tncanoba combiun&atively i copkt to the
regul ar .intervals or dgéing,iqjtialization or set up.
PTOPRSEqT Vid VIS MRPAPRAHS K<BEVE Fh e anal ysis may al so
|{9@94ﬂt Thé gf"éili&lﬁ SBGLEFHnNEr 1RSI HRE TenodRhditd iSYERRIed to enable

0 be transmtted 1'n each cluster of pilot synbols and
artye pgrsow pikildpsl @ the | @t teyndabe sor Aks dhe tpresent dokention.  Various
described with re ct to Fig. 9 y each .b . .
RS Fenie ab tiede GREEReplsaby Fe rglly hoRSR 4 Tross e in the art,
drRiatle BbRritRRindipl sWelina® hereTBRRY Ve @pplicdnte \vakd: @mibBdinfents without
whi ch "are i npl énented by a processor, controller, or

drasngdien thospiat ef seope tof fhe jnyewxn. THeus, dehpricspné snvention is not
ﬁ?e’?lﬁéd %%GDCL] lﬂgﬁe{e {3 tﬁg%(mgﬁdihlgﬁés %ﬁg\;}ﬁ %gregly bt & foao%sacggrﬁgé the widest
or exanpl e, ese techniqués nmay be | nplemented 1 n
ftapelv@isBiens @ith iy Srinodpleatbidvienfthivesy disttdsedherefror a
har dwar e i npl enentation, the processing units within a
PVAATIS L1 B:nobil e station may be inpl ement ed
within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),
di gital 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 conbination thereof.[0093] For a software
i npl enentation, the techni ques described herein may be
i npl emented with nodules (e.g., procedures, functions,
and so on) that performthe functions described
herein. The software codes may be stored in nenory
units and executed by processors. The nenory unit may
be inplenmented within the processor or external to the
processor, in which case it can be communi catively
coupled to the processor via various nmeans as i s known
in the art. [0094] The previous description of the
di scl osed enbodinents is provided to enable



any person skilled in the art to make or use the
present invention. Various nodifications to these
wentmdiozent s may be readily apparent to those Bkiriuseme/009707
in the art, and the generic &ri nci pl es defined herein
may be applied to other enbo ment's wi t hout departing
fromthe spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the
enmbodi ments shown herein Quf, Ao be accorded the

wi dest scope consistent with the principles and novel
f eat ur.es wiireleds @daEhunétation appakisils, lcSmphidinyED | S: CLAI M5
1. A wirel ess conmmuni cation apparatus, conprising: at

| east 2AFASt O AFS a nerory that stores at | east one

time ?ﬁ{e b ¥t Bloldtat RAL Sidtihe @él@ftp\%ggqio@ attétn Rorresponding to a
alirty ot pil east

pl ur ot synbols and at ohe frequency
sletadicy i ofe ppliot otyngimist eand @br leetponeli frgquencynssldeéive pilot pattern
lurality of pjlot synbols: and, a pracessor coupled

Giriesbondite o Blet DT Rt Sin S Eh T remor vt he

Pr oces pRicestBt SSlpldadv BN thelit 16kt Rt dn€inRa @hd tRemahotyeBRtprocessor
one tine selecti ve@pl l ot pattern and the at |east one
felesting 0oy el patteinvef the pbleagiane dinte selectivepilli padiemsand the at least
co nication.a r.at of claiml1, wherein the at
AR qugn‘@;ste?er?tewgs)gﬁoeté)taﬁérg' pilot pattern conprises a
plurality of time selective pilot patterns, the at

| east _one frequency sel ective pil ot fattern con&ri ses

a pl ud-althe yigkess saugpanestiapappatatus of glaimgtl, yheteay ths at leagt one

Lain: t .

ARE S S0P ARER S 3 Eh S phuTarhy o B soRRBvEpi e fitoms, he o
leest ©he fvquankcy télectplepilat patieriotorhpress e phyralstylof Ciegwency selective

Ll ot patternsg. 3. The wirel ess co ni cagjon . .

PP BF CEihs Progessos SHietiR &L f5r oas _Pf {pe pfurality of time

fd&ave pfivt p%@clﬂ%@ tahd 8t 18hd: Bhe BATE PLiality S Ple®dncy ké18dtive filot
synbol “clusters that are orthogonal "to each ot her. 4.
s r el ess conmuni cati on apparatus of claim 2,

wherein the plurality of tine selective pilot patterns
conprise pilot symbol clusters that are orthogonal to

each ot 1R¢ wirkless' &EnMiiiEAtRHSapP AT CRulith QN whBRA @b Phurslity of
claim 1, wherein the processor_selects the at |east

Beaneney sdhectiye pilal pattornscomprge Bidatspmpolelyiters thap aretasthegonal to
Qagﬂottl{%? at | east one of the plurality of frequency
Sel'ective pilot patterns based upon a paraneter.

4. The wireless communication apparatus of claim 2, wherein the plurality of
time selective pilot patterns comprise pilot symbol clusters that are orthogonal to each

other.

5. The wireless communication apparatus of claim 1, wherein the processor
selects the at least one of the plurality of time selective pilot patterns and the at least one

of the plurality of frequency selective pilot patterns based upon a parameter.

6. The wireless communication apparatus of claim 5, where in the parameter

comprises a predetermined threshold.



6. The wirel ess communi cati on apparatus of claimb5,
where in the paraneter conprises a predeterm ned
woOhomglozd7d. 7. The wirel ess conmmuni cati on appar atuasedo6/009707
claimb5, wherein the paranet is dynam cal |l y updat ed
In response to a signal recei'Ved at the wrel ess
co [ ' - 3. nr Ss comunication. .
appar it G eIcPRRRn B Spudh e Ra L EERS, SRORTLF PhinBibeer s
dynpnieatiytupdated atrespdrsataatipna redeivtddet tetwigslkssiconiintdation
the wirel ess conmunication apparatus is to operate. 9.
4PRATAYS el ess cormmuni cati on apparatus of claiml,
wherein the nmenory further stores a plurality of
sequences that are orthogonal to each other sequence
of th® Pheawaklesycapimyumigatemepparaivg ofibleire iSnwherein the parameter
rocessor sel ect.ively.i.nstruct | tiplication af .the
BBEREE et o e dion SERASIv R A EBr e idless
cRgHenieafontpphiafishs 9 etdts, of sequences prior to
transm ssion of the pilot pattern. 10. The wirel ess
comruni cati on apparatus of claim9, wherein the nenory
further . ral.j of. sequences. and
wher o 2 uERs ARk Bpbbity O R o P 5 BE memory
fixthér gpdres aphoalitgof td@edek tat aierdytlogodl td &RhRiteRequence of the

attern with both sonme of the sequences of the o
I@lﬂ@ilw ofsgagnceyiferaaen dhripressssorsrelectivel ¥ istrHels multiplication of

ﬂg{e Pfl@tl Wo&%ﬁﬁ%@?&%@ﬁeﬂ@iﬂ{ sonf &' tﬁ@lg‘%hérf‘deg Bfr’] fk pthﬂ'glity of

ot pattern. he w rel ess conmuni cati o
sppaces preordd trehsthissidn ofithe pébhpdtteen. pl ural ity of
frequency sel ective pilot patterns conprise pil ot
synbol clusters that are quasi orthogonal to each
ot her10, IPhe Wh&led doflnBBScAieH ﬁ?ﬁﬁr &85 bPAaBPD AR 1R
claim1, wherein the plurality of ti m% sel ectri ve p?jlegltory

fyetherastorss anmiiparipburalilylob seqnpgndss|and wistedsr thetphedessr eelectively

. L-orth nal each other. . 13. t hod, of

SRR AL AP M PR PuRhalf bems ot bl P ot some of e

eQUETIceY 6fthé PRirdllts bEFaqueIEP khBidhek oftBE Bhdth&idlurality of sequences

i nformati on regardi ng channel conditions from at | east

PA10§ §Q trafpsmyfsion pltbe pHetRaftem: det er mi ni ng based upon the

information a selectivity of the channel; and setting

a pattern of pilot synbols based upon the selectivity

of t He. cfenmiedlesk£onfinmicuvh appaoitus bidlfinil B, wivdiein @hdplurality of
tern conprises setting |ocations of

‘%q%ltu%rhcr}gﬁf.pggyg %ﬁq}g)lag?lgg comprise pilot symboq clusters that are quasi-

orthogonal to each other.

(@)

12. The wireless communication apparatus of claim 1, wherein the plurality of
time selective pilot patterns comprise pilot symbol clusters that are quasi-orthogonal to

each other.

13. A method of altering pilot symbol transmission in a wireless communication
system, comprising:

obtaining information regarding channel conditions from at least a sector of a
base station;

determining based upon the information a selectivity of the channel; and

setting a pattern of pilot symbols based upon the selectivity of the channel.



15. The nmethod of claim 13, wherein determning the
sel ectivity conprises classifying the channel as
woOnemuerncy sel ective or tinme selective. 16. Thecmaiskmed 009707
of claim 13, wherein determning the selectivity
conprises determ ning the frequency and tine
selectivity. 17. The nethod of claim 13, wherein
setting conprises setting clusters of pilot synbols to
be optd. MTtzadethed obélhin fi 3,06MeEI6 ¥ettitl Gt aViBrnddtihgrist®setting
sel ective_conditions. 18. The nethod of clai m13,
Ipgatiome pf pRRHSYIbPheJustetinsni t ti ng i nformation indicating
the pattern of pilot synbols to a plurality of users
so that the users transmt pilot synbols according to
t he pHL.tHremtthod béclame I 8rwindreih ldetehrasngthatselectivithytomprises
i rel ess, cqnmuni cati on apparat us capabl e of

‘\E/iﬂ?sé fhe ‘%tjm%e g %W&P‘?‘W SBIECINFRE Y SECHVST which i s
transmtted utilizing a frequency subcarrier of a
group of contiguous frequency subcarriers that range
f r om 6. Tt methrod pEcjaim §, wierein determining the gelecttwityaothprises

ring a,s ol period of ~a group of contiguous synbo
Gkito tR DG ne SRR By ol per Lod o a
| ast synbol period, the wireless comuni cation
apparatus conprising: at |east one antenna; a nenory .
t hat Et oTleesmngmi af elpim §3.07hes¢in settipg comprisesseléing clusters of pilot

| Si ral i f eagh. of i.ch -

SR SR p Bl B K Panie 3Bt TP condivions
wherein in each cluster only one pilot synbol is
assi gned_t he maxi num frequency or the mnimum

f r equihchesgethpd of ¢lama 3 .<urther copwEsE Sansmibng infermagien
IRl Bl R o PRt yBfboR oia e TR ) URE e ramcmit
it pyrebolsiatdording tpthepattemyto dfe sactbeofiths basecstdtion. nenory,
the processor causing one pilot pattern of the
plurality of pilot patterns to be transmtted fromthe
at | eppt A GARIRE EMARNTibN SppahRuIipaR e OF traMMiteHsOHSurality of
synbol periods utilizing the group of contiguous
fymdglresacly of whishris trenssnifted utilimngi frefiussy seheauriar ofie igonp of
appar at of claim19, wherein the plurali.ty of pilot .
SHBadt ealtng Bhthpe ghd e bop Fattuidr firdustgy g axinmum
RefuepsyNard@nthriak o s§aiol df SFRALERELE doatiSedus ¥ @mBbl Ririods that
pattern. 21. The w rel ess communi cati on apparatus of
rangg Hema fisghwinehoh petied teentastpymbel nesiodsthe meksless communication
%# aﬁkk%xlgéﬁ%equences that are orthogonal to each

er sequenc€ of the plurality of sequences and
wher eithedsh@nepmos@asor sel ectively instructs

mul tiplicatiqgn, of
aP memory that stores a plurality of pilot patterns each comprising a plurality of

clusters each of which comprises a plurality of contiguous pilot symbols, wherein in
each cluster only one pilot symbol is assigned the maximum frequency or the minimum
frequency as its transmission frequency subcarrier or the first symbol period or the last
symbol period as its transmission symbol period; and .

a processor coupled with the plurality of antennas and the memory, the processor
causing one pilot pattern of the plurality of pilot patterns to be transmitted from the at
least one antenna during the group of contiguous symbol periods utilizing the group of

contiguous frequency subcarriers.



the pilot synbols of the pilot pattern with some of

the sequences of the plurality of sequences prior to
wdeediorng7t he pil ot synbols. 22. The wirel ess PCT/US2006/009707

communi cation apparatus of claim 19, wherein the

nenDry further stores a plurdfity of sequences that

are - or.t onal to each ot e ,of o
ol e S et G AR S oAaaip b Guetsi e plurality of
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25. The wireless communication apparatus of claim 19, wherein the at least one
antenna comprises a plurality of antennas and wherein the processor causing multiple
pilot patterns of the plurality of pilot patterns to be transmitted from the multiple
antennas during the group of contiguous symbol periods utilizing the group of

contiguous frequency subcarriers.

26. The wireless communication apparatus of claim 25, wherein the memory

further stores a plurality of sequences that are orthogonal to each other sequence of the



receiver of the data packet. 29. The data packet of
claim 28, wherein the preanmble portion further
wonelendss7i nf ormati on as to whi ch sequence of &CT/US2006/009707
plurality of orthogonal sequence avail able at a
receiver are to be utilized®y the receiver of the
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plurality of sequences prior to transmission of the multiple pilot patterns.

27. The wireless communication apparatus of claim 19, wherein the processor
utilizes one pilot pattern of the plurality of pilot patterns to decode multiple pilot symbol
groups transmitted by a plurality of wireless devices and received at the at least one

antenna.

28. A data packet for transmission in a wireless network, including a preamble
portion that identifies a pilot pattern of a plurality of pilot patterns to be transmitted by a

receiver of the data packet.

29. The data packet of claim 28, wherein the preamble portion further includes
information as to which sequence of a plurality of orthogonal sequence available at a
receiver are to be utilized by the receiver of the data packet to multiply the samples that
comprise pilot symbols of the pilot pattern prior to transmission of the pilot symbols by

the receiver of the data packet.



