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.sent on a "traffic" channel that is associated with a
tingydempinchinsesanplys-hoppi ng (FH) sequence. This FH
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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 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



transm ssion in each hop period. Miltiple data
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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




[002] In additional enbodi ments, schenes for inproving

the ability to nmultiplex pilot synbols w thout
wonverifiexsence and/ or biasing fromdifferent nmepoOT/US2006/009708

stations in a sanmesector of @ base station over the

sanme frequencies and in the sane tine slots in an OFDM
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mul t'i pl e access wi rel ess comruni cati on system

wille cthedidrayvings dn  winobdiliken refefe0os8 | cheiagterg Adéntifys torsaspendingly
a bl ock diagrans of a pilot assignnent schene

mﬁ%‘@h?‘giaﬁg@g’fe&h embodi ment; [009] Fig. 3BAillustrates

[006PFRLH Hhaeian® nifitifle RitRl watkss 0oRRunk@NE8MBystem according to
accordi ng to anot her enbodi nent; [0010] Fig. 4A

ar ¢rhbslimentes a pil ot synbol scranbling scheme according
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co\?xwﬁ?%ﬁbm_tsyltéﬂ%gdrdﬂggo an ehibbiffenpt €S a base station

multiple sectors in a nultiple access wirel ess
[068miim BAad lusiratasysblock dmgrandi ofgr filwt assignmimmdl sehente; according to an
1%00&3 Fig. 6 illustrates a nultiple access wirel ess
© teati on system accordi ng to anot her enbodi nent;

[009] Fig. 3BA illustrates a block diagrams of a pilot assignment scheme according to

another embodiment;

[0010] Fig. 4A illustrates a pilot symbol scrambling scheme according to an
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,




[0014] Fig. 7 illustrates a bl ock diagram of an

enbodi nent of a transmtter systemand a receiver
weyetsamv2sm a nul ti-input nulti-output multipl ePaTass®e/009708

wi rel ess communi cation system[0015] Fig. 8

illustrates a flow chart of a nmethod of pilot synbol
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116 xed station used for comunicating with the
termnals and may also be referred to as an access
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[0020] Referring to Fig. 2, a spectrum al location

mebilestetidnsrin a saeibt, isgdters 4202822, whd éR4 ssspeciivelyniof &d aveas covered
b stenh.i S g lustrated. A plurality of OFDM synbols 200
¥ Resg Fiapend

[0019] 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
mobile station may also be called a mobile station, a user equipment (UE), a wireless
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



over T synbol periods and S frequency subcarriers.
Each OFDM synbol 200 conprises one synbol period of
woOhesfii@gabol periods and a tone or frequency PCT/US2006/009708
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co?fRHﬁ}HEHti‘éﬁtm&f‘dl\_ffe%eBt distkarsnd. base stations. [0024] In
the case of a reverse link communi cation, sonme of the

[09341‘0@1 the 268t affa wvhwp link gommuﬁi]:auam,@ommfgh@me:olspz(l)ébbf a hop
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b€ HEAGECBE of Bl @htict, PRAGE®Snough 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
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




corresponding to different nobile stations. To nore
accurately extract and denodul ate signals of different
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should be accurately estinmatgd. Therefore, it nmay be
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[0028] 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
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.



estimati on accuracy of the constant conponent is
i ndependent of pilot placenent. The estimtion
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preferably achieved with pil#t tones |located at the
edges of the hop region. [0028] Pilot synbols 302 and
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hop region and al so at the edge OFDM
Qﬁ%%%%V%E%n synbol periods 1 and T, when the | eakage
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portion of channel enerq(,iz;y concentrated in the taps
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wille @hétt lbtosymbbl cdhaiaes 04 068 b 8 oahdagpmrspﬁm@gﬂd BuldpRSsymbol
ininterference estimation. Hence, as depicted in

peﬂog% anenesfie]@aCIpionet Thy dtsqhency tenepis preferablychesemtottiseslose to

t e owever
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InGhe éfBodiRBnt STHILBA, [0S 8T thB%ﬁle §y'n’ﬂﬂ>1§ 3’02':1&191 0%'3&1 clastél%ee at the
region 300 is conprlsed of pilot synmb
edxgaﬁ@qmncyﬁamnseqnd inieaph glusien aulyrmilet symb@iuceny; e at an edge symbol
sel.ectivity rather than tinme selectivity, pilot
ﬁbols 302 are located in contiguous pilot synmbo
[ngﬂ]sbﬁé %a%le %@ﬁnde’&) 8‘hoﬁ£t§i1teﬁ’1 Qnwhd Rreds rbo@i’h usSYi0ymbol
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doddinexactly at the edge. In the errbodl ment of Fig. 3A
none of the pilot synbols 302 in a given cluster are
[0831]t eshould 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.

[0032] Referring to Fig. 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



edge frequency tones and in each cluster only pil ot

synbol may be at an edge synbol period. [0030] One
woatieanedse behi nd a "horizontal" shape of the PCT/US2006/009708

contiguous pilot synbol clusgers of pilot synbols 302

is that, for channels wth higher frequency

refigh 820) Mbr.eythattme fithadimoftiRhe,(d.&. 168 3, ranRaRERAttofR . Deone 1,
stronger in the frequency domain than in the time

ofdbmﬁequengm.agq that definss the aubserrises, nﬁatbeowéudﬁd agipeet of the pﬂot
B SRRl w0 sE R S S 2 B BE AR GHREDY g seon

320i | wa@yabﬁi thel dntbdithédteshotin i@l KISt 8B, ofi ronégﬂ 18P ls$mbol in each
cluster be at tone S and cl ust er may be at
clysteranay he asp@@@%ip themexuyy or mnrurrgun @sauemy $1Hi>§a@&§e of

(OF A iyl BRRA R ik 7 Cufpl M A3 T sotceivty
may h@é&@@picﬁl pdttest Biab ?‘be o%?e@ned&%sa 9@‘“1%’[53%91 dl‘fthe pattern chosen

contiguous pilot synbols that each span nultiple
for elapoels sith o ghes ﬁ@quemm@le@tl\s‘arr@&%bol perl od of hop

| 32 OFDM ols at the hopr e
10855 BY5riEr bR YR PR Mot e by PO ety n the
enfB IR JFE 3B nthy BeOddSighed B a Hﬂﬁré‘nrt §‘1f’lﬂl§‘61 rib@ RS dd2@r more
defines the S subcarriers, may be included as part of

pltoh sympbolsin & ¢iffseing clusten cBon dxamplayalpsisn 324 ey be whiiffersnt symbol

é@t{l}?ﬂ ft %6the edges of the hop region 320.

‘it e enbodi ment shown in Fig. 3B, only one

[ODSS]OIAdaﬁi%JHﬂly, ) A§ASHEA 1 HR ShbIMMYORs B PigsNSA 2h@ 3Bhsﬂot patterns
maxi mum or m ni mum frequency subcarrier. [0033] [n

are_mm)dderd:sm m_aeq@ccﬂmm,hrsom §06,398, mc}:hmwﬂ?eg ) ﬁndﬁfghén% 328,
ol o0 SEL A e BB VR et R e pein.

Tl[fehoggrga By W tHe dhisehe %ﬁlrr%%é%f‘fbythé ket b inkdhob Eregion%Iy provide

. It should be note hat one or nore pil
imgpyonsdl simuitareaoh estiratiosr of the ¢hasne it respert toftnﬁrt gud 3IBguency

may be si.gned to a different synbol period than one
reﬁﬁ%ﬁ?ﬁ@% 1%fm‘gyrrbol s in adifferent cluster. For
I I tz di I
OB, oy 5854384 TRl 858 A\ A Do 90, B o

syntboﬂmpaerdrdpcrdgmnm sﬁevafr oFi gysater3namd o8 Blustetd mby patutiizetsin each

are i d othtteclus rs, 4, 30 08, an
P Sue, B2 pymBon o s Dermiiosawahclistosyey 2iso vary.
Tl?ert%ta@ hﬁlfn%la(ﬁ‘l o§ d e'rrfil Jt@yrﬁﬁ@l%ﬁﬁeré &etat}ﬁn&ﬁfﬁtoq&h&fmmber
regl he symmetry of the clusters wt

ofrpalqb esgzmbbls rbdrmredehyt the bake statorn tlpsuce@sfmlyrm;quuhm 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.

[0037] 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
such that there are clusters for frequency selective channels as well as clusters for time
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,.




i nproved sinul taneous estimati on of the channel wth
respect to tine and frequency responses of the

wohersnad2s59[ 0036] It should be noted that whil ePETES2008009708
and 3B depict four clusters pf pilot symbols per hop
region, a fewer or greater amount of clusters may be

[ows] | fnZBfhel é?nlﬁﬁﬁﬂerﬁQ i }[ﬁwt %atterﬁ%sibﬁrto bk RBLAIREY b&based upon
pi ot synbol s per cluster may al so vary.

theTtrditidnalfonwhish rtheocﬁhapnetl a$ b@ygbpﬂlmlzadd Fpr exatmpégs rfoiothannels that
cl ust?%gshrare a function of .the n

e s sl Shecd Mty £8 Behil:, SHRBRTs Soudhs e spiegpive pilot
paHEAOREY Afeepdal2dS WHBRhS fd;legsw ?@ecp RhdvBRehC YL hivhilki shdtion, e.g.

and to” estimate the channel ween t he base station
pedentridnsea fequéeysektiivnpilol pattsamsaeyl be lutilizest: Ine@hem@nbodlment
haye t S er .of |Iot The nuynber.
35, DA SPLRE hasn s B e gt (8 egingion made
aft@PQ fe%ét&ﬂnﬁ&fhurhﬁbr%ﬁh@ﬂ‘?&ﬁidgem be equal to the
nBer of pilot synbols in a hop region. [0037] hi
[omu Réforringnu ngsFﬁgsandSABapdoBalmpomtsc]mmast acsymﬂﬁng to further

RS Aty b I B 4 i}?l? anlnﬁ%' S Behideh PSR Cuo
ch o rfti‘@‘h taﬂ%ﬁ%&fﬁr&us@éﬁm@ 54 cf ) eft Hﬁé&gﬁn cluster 404; Cs,,,

ect i’ nnels as wel | 56'1 ust er® for

CgehielcCs y erratged e clisten4@G) end aﬂ@,q,pﬂ ptandatsb, gamanged ip cluster 408.
soma clusters arranged in the p tern of clusters 304

In JeePmibRgncry Imeidor RATSERE WPel GV ESAY AR HapsRisTe multiple
m&iid s%t%ﬁ%r&h&@&%‘iﬁg@ﬁgp 1328 mbdrS thed %ggﬁnb({l@ 888ikreldht mobile

sone e I ments Fot pattérn chosen to be
statioin isk@dd e ymidépleastnh supbn wdyeoeotiah $anenOFDM symbcdtpenod and

toéthgh aglggqlllgf S}ﬁ%})llg 9381%#’[&1}%@% gggggr?agﬁwﬂ% recngj{ at the antennas
Of\(ﬁyélﬁé{glagfthgéagggpﬁkﬁ stations a tine-selective pilot

tern may be preferred, whereas for slow speed

[Oﬁmemsﬂig df\, emdh dfeths tpiibt symbdds @y ., pEgle Ls) GRs Cs3, ng, o Csg,
frequency sel ective pilot pattern % be utili

Coat keto &bodifidies Ah %Sskﬁn%tto Ha@te@? Mabils stglops eﬁ@p region 400,

o RO ERRT SR s SEASUE RSB i

mEﬁleextﬁﬂldigsthﬁbrEl @ch 6Atlﬂl”1ﬂlod Eymlmlh @i a pllbiogyadtiob nlusieh ene gluster
accordi n further enbodinents are.illustrated. In

402, 04,4900, HB‘E) 4pare genarried ARt FrapmsRitipd i suckyapay shagasgeeiver of
thg%:ﬂggs %’rﬁ’rﬂ)o@ 1erg tl}eﬁél{éﬁ\%g ?% Pbﬁ??%tg%g‘g (rqcaﬂ Q'%:Se’nq% thgﬁz soct}’?a? %ey are

orétiogand] edith fbspd:dﬂﬁd Bk pllobsynabuds £om, egch Gthefimodilel siation ih the same
arragﬁgd in cluster 408. In an enbodi nent, in order to
clusigs obhes eals %nneawy\peplmg;ﬂ PrRdsieTEipeLpe sHifief-g- 2 scalar function

toslﬂ‘fyl.llr}ggﬂé ?acg{ﬁf)g g pl p?és cﬁﬁ& t&ﬁ%ﬂhg? I?tv rl])t%%a@]gﬁnﬁe)&édq}y each of the

mobile stations. To prov1de ortho gonality, the inner products of vectors representing the

sequence of the scalar functions in each cluster for each mobile station may be zero.

[0041] Further, in some embodiments, it is preferred that the pilot symbols of each
cluster are orthogonal to the pilot symbols of each other cluster of the hop region. This
can be provided in the same manner as orthogonality is provided for the pilot symbols
within each cluster from a different mobile station, by utilizing a different sequence of
scalar functions for the pilot symbols of each mobile station in each cluster of pilot

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




stations should be nmultiplexed in such a way over the

sane OFDM synbol period and tone so that the pilot
wevodsaliesar e substantially orthogonal when receCcyas2@6/009708

the antennas of the clustergf the base station.

[0040] In Fig. 4A, each of the pilot synmbols Chqgi C2,f
sepdnbe ofébathr ntditiflles €t édch 6F the GilolSmtbollor @ paficdl clstér for the

g, and Cn, g are assigned to nultiple nobile stations

pagiculs prabilgistation ¢ige veckartof whichds prtbogenel. ege tiegandr peodugiis zero,

nul tipl i | nbol s f qi.ff .
wifbiskpdt & Redhr TpiREhe e SEhRpR PRl myftiboT i oy o pilor
syibBlsloPtheSothdiahoil dtatins irfalDthe eludh Land4Be sardd thob#® Station in the

and 408, are generated and transmitted in such a way
othayglusters.ecei ver of the pilots synbols in the cluster,

...base station, can.receive,them saq,that fhey are
10588 r e e SRR S AR dpigBing b PP e
or@loB&alikpéf the pPlbBsjnbld rdRRaGPEBhE cHStel is pltWiSed ¥eddBl to the

done by applying a predeterm ned phase shift, e.g. a
nugahgt of pilai symbols thay am proviged pergalohsystibal kbistsanpl es
ifuti the pil.ot nbal g, transnjtted each of
0 Tt bBSetihis i, 34750 B M PR ohheHary Veibrte users,
' c v, e ent i. t.he. se nce. .
143U B Pt ulosi6 6 2l MHRRE Wi s OBL BRSHETTAR omes
[ be, zero. [0041] Further, in sone
mg&%%d@pne%@’ &t" _ielsz%prngerr]ed that the pilot symbols of
each cluster are orthogonal to the pilot synbols of
each other cluster @f_tde hgp regi on_ This can be
provided in the sarrst; —rrtaér]‘fmér‘gw]drth?)&oqn%@ty i's

praovided for the pilot synmbols wi thin each cluster
hepg pnh dengtos tapgrnse 9b Hieraatdx spntamingdhe sequepsssn disgliscussed above,

0 SoRYET AT SBAIEh FBIIPTe 16 PSP PLaBioh e pseshoBld B¢ different
foPldifRrer VBRI stalYBANBIMBEL &) oBteInCEdRsRBInt @SiBhtes of the respective

orthogonal ity can be nade by sel ecting asequence of
chenudlsathrought fhel redudtion ofdoterfafentenbetpietropilsly spmaiads. f dforeover, the

Ul | ; . it ;
sefffacehonn B Likin iieotsiEn o urt tas proiphed figh p seuence or
veRIoP e Cd 1ihdar Z@hbindoh b tBS R&Edinthg sBqudeto rMﬁtﬁ&thfti%ﬁ ) A% may

the sequence of scalar nmultiples used for the pilo

dediped ol thatathe thex Ot tnetrixnobi | e stations in all the
clusters and the sanme nobile station in the other
clusters. [0042] In an enbodi nent the nunber of nobile
stations that nay be supp&+H3...%ére orthogonality of
the pilot synmbols across each of the clusters is

is pf @il delmn SinBgUakhduld béaoted i e @dpréisioat (23 ybdel BattiRT < N,.
are provided per pilot synbol cluster. [0043] In the

Tleatrtdg) dherantbeo bf birgdappid molsilodABatidri3eshquld fidt exsesd thie Mmber of
over |l appi ng .users, 1< q <Q uses the sequence S of

totg] pilotigymbolzrn the Igp 1e810lhe total number of pilot tones

[0044] Based upon the above, any set of sequences Q with a full-rank S enables

consistent channel estimation. However, in other embodiment, the actual estimation
accuracy may depend on the correlation properties of . In an embodiment, as can be
determined utilizing equation (1), performance may be improved when any two
sequences are mutually (quasi-) orthogonal in the presence of the channel.

Mathematically, this condition may be defined by

@D

(2)



(In Figs. 4A and 4B, NP =12 ) : here (r ) denotes

transpose of the matrix containing the sequences. As
wdizemusexsd above, the sequences of scal ar funcPCOUS2006/09708

each cluster of pilot symbohks, should be different for

different nobile stations in order to obtain

consi stent estiwmates .,of the respective channels

t hr ough t he redgﬁ .o Sta Frit efof allence Pt Reen pil ot

synbol s. Moreover, the sequences should be linearly
independent, as such it is preferred that no sequence
whaare VHGt & abeomaplex nehannel ogdin nadrtespording e thendai-th piiot symbol,

1<Sﬁq%20%§nan%@e|t %ﬁgﬁ%@ﬁ&} anah%ﬂ (051 e% qg; L u”‘ldl | n ﬁu%:)] condition

(3) mdkees e thelreqiligtnizat atmethally otthegoaalzegsmicen (2) above
matrix Q<Np . That is, the nunber of overl apping
mobi I e stations should not exceed the nunber of total

pil ot synbol s inzge Bop,. Oeg%ngﬂ [p@ﬁ@uréased upon the

above, any set ofZséfuéhces wth a r ank
enabl es consi st ent channel estimtion. However, | n
enﬁtrhieg thisboatiditemt fort ey ao£silzib chatrichatdlzatiaic dionacy typagal set of

ST Re MRCU] St SRRIGE ) FI Ao glaut g o chamne
exﬁﬁﬂts iRl U R E@ﬁéné’seséléﬂﬁ‘ifﬁy S/l R the QXSetd‘lﬁ)ed%stnan channels

sequences are nutual (quasi =) orthogonal
wigh estelaueelafsmdﬂeddhjarspmhd Newwerest the alohgitionhinsay be substantially

aifip, rl. Vi chgptely aftiar chigreds ichocieg Bt Cefby SresRepereby
reﬁﬁﬁrﬂg 19%ff€ﬁﬂa9ﬁg|deﬁa&éhoﬁlhe r-th pilot synbol, Ik Np

atime and frequency invariant channel Hl=H2 =...
[06451 M$ disousdéd with réspctrie Higse3A tand 8 Bepila qlibcaivantattats consist of

’glﬁ’f‘?l?%% P oHP s BRes ore ta e boass o6 .0681@1@%5? where cach
clds®@! is Zé?)hhgﬁblfs fﬁ”ﬁ el (rid CRU) %opﬁf$%3ﬁ%é '@t i S#nlc% a;hannel

I mpractic In fact, expression
vamla‘easnsans:ﬂmmmey clesthr zlu‘etgsnéralﬂ]y limited,idoe tcamhtfguemummy of the pilot
ctivity, %ql chis the case of estrian _channel s

sel
sYopl 1 e 206 apensreind eRAURYINS gF SleichanpFlc eimme (g Trequency.
HERDMAd: iRt ByuShs | ARbLAal ¥vdll chlip bilHor O

channel s and/ orp%nla%%é &}L VSI Snlf 1|%cant lox)éf%rﬁfﬂﬁcﬁ{@) to
begpete &kl potehigal elogwback of thls solution is that the number of overlapping mobile
stations that can be orthogonal over every cluster is limited to the size of the cluster,

denoted here N,. In the example shown in Figs. 4A and 4B, N_. =3, and hence up to
Q =3 mobile stations can be separated orthogonally in such an embodiment. In fact, a
fairly small number of Q is sufficient in many practical scenario. WhenQ > N,,, it may

be difficult to keep all mobile stations orthogonal over every cluster, since there may be
some inter-symbol interference. Hence, approximate orthogonality may be sufficient,

with some performance loss of time and/or frequency varying channels if Q> N,..

[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

3)

4




resulting in performance degradation. [0045] As
di scussed with respect to Figs. 3A and 3B, pilot
walhbmaaeisen patterns consist of a few cl uster spot/usedoen09708
synmbol s placed close to thejgdges of the hop region,
where each cluster is contlguous intime (Fig. 3A)
and/or frequencyp Fig. 3B). Since channel variations
i nsi de every clu St 9 £= @enbra]llylﬁpmf@j due to (5)
conti guous naturétof the p| | ot synmbols in time and

f d t th h I

fr ectioncy SReNED HalrhbY dfe seiEne=cat qurt iiaatwmﬁapences

pot o .anﬁduﬁid;%eefftﬁaP%ﬁhéé’@% S bR mer

of ove%%ppl ng nobil e stations that can, be or gonal

over e ywcg'ﬁmtlerouiﬁvd*tlﬁﬁ,@ﬁnm{(ltﬂ)a?v@ @SGKC%&SRMC. (6)

clustef! denoted here Nc . In the exanple sh in

Et 2ot g Hersgs, B PL Pl 48 FesiBhER S Fhereiallyual Shsolut

f act f I [ nmb f Q

suf Q’?dc}ll%g’ntg aénprﬁgﬁ@fti}y&etaﬁla%ﬁy ivggnarlng %eg Q >IN§ , it
wHERY M inbotds Ok tofaP nki@®Br BF c1uERRE o€ sBled | ORS that the number of

orthogonal over every cluster, since thérfe may be sone

piloRRES = Mr[fqol i nterference. Hence appr oxi mat e
orthogonallty may be sufficient, with sone perfornance

[00473 SinQin drnbBRiRAE] e eh@RGIUes S/-ES" ytsng a@@ @fégféhsusirfg &ponential
>Nc . [0046] In an enbodi nent, esig

ﬁmmbmb eﬂhﬁt b®rthdt e safee %' gEr §ﬁﬁb(ﬁr pﬁ)URl@H'lﬁn%c% Sequence.
oo may be define Any two sequénces are
Fuﬁh@l‘n ogotha;l epbedimenie thetgroupssef Na‘ spqucntessyaldhes made mutually
t hereby satisfying- Subsequent groups of Nc sequences
orthpgonal, Withinrgeeh glwgter, wegasdlgsreofcadestenisisi sinca egpwptsaare not limited

to Eﬁféﬂﬁdal‘ Yo ﬁl&s%&] %Jtth tsﬂg lrs?c?t? (ée%ls’%géjzrgg%?%y ﬁt{\% cﬁlster across all of

thes pldsit @mbo@é by (@q@zﬁtm@gaafaédﬂeﬁua\tadetf@&me@w&hln each cluster; and (ii)
approxi mately the sanme power, where M denotes the

popyating Himindie-ciyster| pestienss agrpssscluetkks. , This ¢anabe sémn equation (7)

PP by RS T

exponentl al functions so that sq that it he sane eper gy

per m‘l (/N ed. by, e sequence. Further in thifs
enbo rn& UPgn o serqwencesﬂz—vnay be rm )2

rou
F () +pl 1 rtﬁb ]gﬂ "W th cfi clusfer, regardl ess qf (7)
cluster:size SI nce ‘exporient s jar e not I|mted to :
part pul Ies Fan th the seq(uvehces usg,dl
ever %2 er acHﬁgs Ie oW .

[0048] The above expression (7) may be written in a compact block form as follows:
S=[S,....8, |= (F(M.)®F (N.)),_, 8
where <->:J: 0 denotes matrix block spanned by columns 1 through Q of the original
matrix. A more general form of S may be given by
s=[s,...8,|=(vev)_, ©)
where Uis an arbitrary N, x N, unitary matrix (U'U =I,,) and Vis an arbitrary

M x M unitary matrix (U'U =I,. ).



the pilot synbols, by (i) defining exponenti al
sequences within each cluster; and (ii) popul ating the
wonoreaiedsest er portions across clusters. This eanuse06/009708
seen equation (7) where a NxN Discrete Fourier
Transform (DFT) basis is defined. [0048] The above
[0839)" BS& aﬁbécﬁ)neﬁﬁme bﬁn%f bf BbilE s@nsmaﬁﬁla§a be @,{sp;fos:t%m where
as follows: s= 1 1 (F(Mc)(r)F( Nc")) (8)
ortmep@alyty déthste tmlvqlaa@ossmcls phithaedhstays isqirovided, 1s equal to the

rou of t nal tri eneral form
e SR RSy et e B vty By ' (o)
[005@" B A érﬁb@dim’éhb ke Sp¥ndMiak g cHEs @Iz edBd fﬂul‘u;{l s%males of
Np ) and Vis an arbltrary M x -M unitary matrix

the pilofviymbdlars Fen¢thted mtiinng @i disomete tHowrienmdns formf functbml, evhuch is

o AR 4 DRy BB R M5 R ISR AN s

geRERW B8 Gymbslsefat hnsnsdide afl WhE phade sﬂhf’c‘i’é Opgﬂféﬁ Qhufing Fé¥mation

are provided per pilot synbol cluster In an
ofgth® spinbels tusingiibe disprsteciaurier transfotm cﬁmg:tmnun ngmiatm the symbols

t the sanples of the pilot synbols are
fogﬁf%ﬁ“ﬁf% ¥ utilizing a discrete Fourier transform

[0DSM)Cl QR eHddinbis VT FigdkNQWN.and N4 MRdi ﬁ%@tﬁroﬂﬁﬁi €f vectors
the discrete Fourier transformfunction is used
reprepantiagdhe brsjusyeendlthe faatar turtions gséash, chater dioat gagh pmﬂvsle station

mfhe farbo FRPEEQth P SoRdSROhtRLISQer B SorF gLie) BF pigied so
thhﬂ“@n@yc[ﬁ&@ﬂ M%Bnil(t?%fﬂ/e%ﬁ' @8- sehﬁ@éé& of 'i'hé B&lar functions in each

nbodi ment s Figs. 4A and the inner products of
cl\mgtfor@Chem‘tebamtlongspmmdséquence of the scal ar

1OBAZ P i TosGE b5 s BieabRE At Sobh Siens B Epbto the

h lid 18Phal) treATIMIIEEDiRR s|iBE1s Aidhed to the h the scal
ctiq)ﬁiggllﬂnortehoggna ity betﬂv\%ens%qhe geqlﬁée%ece% g Olpreglon © sealat

shsftsainzay $tilhdei devedédh at diech badeusthion ﬁm) roréaxcto behitilieed to perform

inie}fe%é;?:? slﬁtﬁng AT ﬂ‘l ?f@l[ Ogﬁggeleplllzur L gl s: Igaég%tﬂil]&?é for interference
esﬁﬁx%hgﬁ‘ %chte Qhé e BP0 %&ﬁl B8P qhki- Bﬁﬁéf%&ﬁ?ﬂflﬁlt}@i#é%g;fﬂo? symbols

pilot synb assigned to the hop Teglon,
bysthe bther nmjmlssﬁatlbnstms@mﬂmehb ldp tegwnbase station in
e o.be utilized to performi nterference
8551 hekPape torkis Gr RASC SHrbioB ith SRUIEDIeHSPiersyiRy 2 prpltiple access
1#Elkdd t i
b SafoficshSl SIS S0RE 4851 PR LIBOBAASE i MRS, A o
stai;pmtﬁﬂ@nb&ndemmuhtpﬂmantamal dreupst aftantmaan SG, gﬁédartdw(lﬁhe[n Fig. 5,

eqi on
on y one ar%enna 1s shown for each antenna group 502, 504, and 506, however, multiple

antennas may be utilized. The multiple antennas of each antenna 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 different mobile stations.

[0054] 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



[0053] Referring to Fig. 5, a base station with

multiple sectors in a nultiple access wirel ess
woaosunisat i on system accordi ng to an enbodi NmeERCTiUS2006/009708

illustrated. A base station;300 includes nultiple

antenna groups of antennas 502, 504, and 506. In Fig.

acourafly HerBb@i1ABd QA Asddfos RPMe] @Jnn@aiaﬁ aind ethen ﬁﬁfcﬁb&[hlly, at the
502, 504, and 506, however, multiple antennas may

bage Flefiordue theerhopenabiteorthe epprasinetely @éﬁomnaéﬁhbct\yﬁml of the
2 504 a 0 be utilized to provide spatia

1n§ ng?tg)(rg?ﬁe&lbsggé station to signals transmtted

[obsignHwevére iBlrAkéDAS inte fderiRl ARAFPSAS Re SRMIION statidhs near the

ition to the spatial diversity provided to the
baginflarg rod et segteyse- gamObd@ stetiom 8§ 1@ Whidheisdichr abenndam bf B@tors 514

oy AR Sugts P wibh b FRRGuPb Barelai gt et & pgppover

thA® BilbEsypiltlld 80 biheAn®BHs Sfatibss RELSR\CEEBES HM BRE$16. In such a
station 500. In the enbodinent of Fig. 5, antenna
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i ntra-sector interference may exi st for nob

dlﬁﬁemnt sentorsewith tthe poesenidpilof dshiza, pdot symbels qranmttteﬂeby mobile

510 ich.,i ear und of secto
st $2Emay Rotlde el B EHmPis dRAEDRIct § wipfli oot 806 which is
schb@fléth Sobfdr Y dheth@tsainemp TBEYERS Iﬂdmle s@dﬂoﬁtmﬁm@éﬂeaumd in
fromother nobile stations in both sectors 514 and

sestbd 516.n Feribér, I sinaieaseodependibg los the powencahtiol stoaiegy utilized by

eent alI ben tipn at
g g o o 58P Lty B Ra NPT Pecl HlaVeRpfiqgn mobile
stERSA 508 mhy Bubsiffitaly eRdRdTheSi2ha 18% d‘f%!@oﬂef stmﬁsw & antenna
i ncreased from antenna 504. hi order to fully benefit
gbnp 302 lod the segion Hi, faspamiadlyt wlranam®bile sfatige G0B8ris §lbde to the base
accu te estimte of the channel of nobile station 510
EFﬁg)n antenna 502 of sector 514 should be provided.
[00SSE XEbrdet fo doRfoa BITBNRE-s &%@ﬁﬁt@fﬁeﬁeﬁhé MlaE Hl%y A5 scrambhng codes
sequences are used for the scalar nultiples of t
mpy betused/ fidroths mobildi ftitementTheesctamiding ¢ddethay pmqsem individual

d I d by nobile . . )
nBb iR alPe B SRS Liearl b My Fiswiont PoRERiceiRg with
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on the sanme hop region as nobilé station
grouph 80itosxte iarcosposite chafke] of mobliestationy H8randGades

ending on the traol strate utilized b
[0‘3?’91 Pn t e%ase where an),P er m0b1{1 stat{onsls assEgn%g fo an entizre gop %/egion, 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.
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power |evel of synbols fromnobile station 508 may
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station 510 at antenna grougs502 of the sector 514,

especially when nobile station 508 is close to the
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,respect to Figs. 4A and 4B.. i the exanmple of Fig
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N3@6mPlexQ HinPESnd henaumagiltipfy SQRd Or RspddtivdIe G8hbnts! f of  the
fhis is the case, distinct sSets of Qdifferent

set8@ices9eqS! . 05 SIC F@ UM hoBi1E Q8kechs TRY REma S&t & QﬁI alc@ll consisting of
i fferent sectors. [ 0059] However, |f the cluster size

S Nectos, h @&l %t&%eﬁﬂ@@rﬁmgflng JeR 'Xlg : ”?% fn%y be utilized to

stati ons in each sector t1 mes e nunb sectors

mhﬁh iﬁﬁlecs%hﬁencééq 55- @y @ A | JRAL tnﬁﬂﬁle i skat@né 0"1‘111 sﬁéh 8 %84S Wobile

desSi'gn is'to keep tomintain a limted
sté’dfﬁl% REARL dHRSENt IBRGHS Fof ﬁ&ﬂhﬁ!&%bﬁg 5E0488 5 f@i‘hart‘ ﬂ{ th‘?lve mobile
effective to reduce inter-cell interference. g
statame Shatautiize tthe s&pe aisér spesificascbdmbihgsequeaies sayspe S »] may
utilized along with the user specific scranbling
differjdeaae . diffe@60 keofors gucific s@awbling séqreatddl Ngndeqaniied to

is a sequence X s =[XL ,..., X Np of pcorrplex
mﬁhmp@tuhensertsbaﬁﬁmdrdmlﬁimg def@enicespecti ve el enents of the
uences. S = [S1 Sb ] , far_ all nobile station

[Opﬁl o Sumiialystecussrspecific sapibling,dt is pigderesd that all of the entnes 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 each sector specific sequence X,,...,X; consists of an exhaustive search 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
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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.

[0064] In some embodiments, each cell in a communication network may utilize the
same sequences for sector specific scrambling sequences.
[0065] 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



Table 1. [0063] In an enbodi nent where Quadrature

Anpl i tude Modul ation is utilized as the nodul ati on
wecehmnmag2sa set of sector specific scranbling sequasem®s/009708

X1,..., X that may be utilig dis shown in Table 1

bel ow. Each entry of the table specifies | and Q

spERiP AP cFor @pe @ b Amblirz seqliencss ar® wdiligted in HultidR WML .S cells
=3 and Np =l 0064] I'n sonme enbodi ments, each cell

602.n6@4, casen@lifi, dfaﬁertlgwneﬁecqmirmg fiery the iadiagenttgedls quayelead to channel

sequences for. secgt.or cific scr in uences.
es PR Bl e BGH ne B 6 oL s TRl SR ERRPR o ghonnel
estEAABUAKIEA thd Bectt SfaMeRBOmaE 68 hitsBd by Gh BInkhEl of a mobile station
enbodiment is illustrated. In the event when the sane
frosetthe ofjacerr epblewihichcmabide statipnrhasfheiseing wssr ansifingnd sector
spetBe SlRblTE, ngtﬁlé&hizsﬁﬁleé Eigguealhcge psggﬂﬁg'éérﬁplgﬁpgﬁg%% \Silized, in
adaition e Mic GRY gﬁedmysdrzﬁﬂlﬁiﬂgoarﬁ%%ﬁls Rfid BRAhBIMACA WeB GYecific
degradation due to pilot synbol collision. For

I i WA hi nyt hel' sept.pe
SO Schchn BATREIGcREL] BRIt g 1T SO RR: Blctor of sl
frfBhy R ) O AR Aegfdic of B RRl: B L) bBBie station
. li-hg. . To,Aavoi d suc La a sell _gpecific T
in 365 805 1Y o B redl S oo s oeif Zore 1 eougePon oo

specific seranbl i and sector specific.scranb]ing.
WIS ForgssBeRd @ LBk FGE Suio Ayt sesciflt PaRariE tpcte s

A 4 ' ' e oy i

sepfplof the o el iy e o FBWNCF Bbiof el BanitEly Mo

for ry ="®bi-g syationdk<tg aedds< sThe=aygr.al l(10

sequ??li(g’e’é ofk’qp!}lﬁcbt ‘Synbol's Z( P§>c) =\ g c) ,...,(Z )N s
If SectrispériBOLdrAPINGS nbbutdliZe®bi | e station with g -th

user specific scranbling in the s -th sector of the c

-th cell may defined _as follows. If sector specific

scranbl i ng gt Tz U WIS XIRY X5¢ ¢=42,k- Np (11)

|l s S C1,2,... . (10) If sector specific
[08GA] afvb lalraaglyi menigonedt fhei usechf dectoy speaific Sclambking i rdcombmended

[ 0066] As al ready

< | . S |, 2, . 4.y
Wl?ﬁlg‘lﬁg i>olnaé]31, lslrlﬁter%ﬁ%@mﬁ’f‘degé‘@fe&rlél:pleci fic scranbling is
RO MOS0 ST R o

ceH aspacifit isogmblig pRglidnced Adedyat utilizzd! | Tie 6o @edign parameters that
speci fic_scranbling sequences need be utilized. The
mayis WHized aredhatanet ers that may be utilized are that:

Al the elenents of cell specific scranbling sequences
have’“‘equaﬂl the elements of cell specific scrambling sequences have equal

modulus.

* Cell specific scrambling sequences differ substantially for different
cells.

[0068] In the absence of pre-determined assignment of cell specific 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 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



nmodul us. Cel |l specific scranbling sequences differ

substantially for different cells. [0068] In the
weahewnaee@sof pre-determ ned assignment of cell BpEiSEI06/009708

scranbl i ng sequences over a;petwork of base stations,

a (pseudo)-random cell specitic scranbling sequences
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t (TX) data processor 714. In an enbodi nent,
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[067(2”?1‘1'@ toRAIBRN R ehéh HahAtBoR R mbkih1d:Ra ks Rllot data using
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ls. T data rate, i ng, and nodul ation for
lﬂéiﬂb T map %t@an?malgplﬁefoa et gy Thsthen dIPEAed to a TX
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ul ati on syrr data streans are
TYrpucadsd 720 ﬂae’ﬁXpmvnieesZ‘é;omoﬂﬁEthymboh&&eaﬁmy th @7 transmitters

| nb f OF . TX
(1R S0 maghohah BRgy FUBTHRGE TOGrHE AP fbfgpes 4 respective
syﬁﬁo%ﬁ@ﬁ@arﬁ Qo Nordvilil "JH%% Ml fBfeS al(a-ﬁg ?gnZlgzgn& 29 ohditibns (e.g.,

Each transmtter 7 recelves d4a rocesses a
antpd e cfilters, and upconverts) the analog 31gna1s to provide a modulated signal

suitable for transmission over the MIMO channel. N7 modulated signals from
transmitters 722a through 722t are then transmitted from Nz antennas 124a through
1244, respectively. ‘

[0072] At receiver system 750, the transmitted modulated signals are received by Ng
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.



synbol streamto provide one or nore anal og signals,

and further conditions (e.g., anplifies, filters, and
wapewnnesh s) the anal og signals to provide a nmeduluat@d009708

signal suitable for transm ggi on over the Mivl O

channel. N T nodul ated signals fromtransmtters 722a
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arjestineaservafithe Jnodulatiop spmbels tragemnitied cfmsﬁhg wanesmn@mgudz@sstream

h di t d I
o8 BuE 8RB R 260 4P BEmet e i ehBaSRER, i afiey thch Arccted
symbspﬁfe‘éﬁl('{o &6 Ghe ShffRalid 9 i dafistiR¥md attR p@é&@ﬁﬁ@ﬁ%RX data
60 then receives and processes the NR received sy

pr@ttesmﬁéOfls compRmestaey (e et pefoivassichly TX propessen €A and TX data

§§% proces% gt ique to provide N T
pm‘iféio@ g EGEET SEYYB4E: The processing by RX data
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with e BiHE i B pigrnoe/bE AR e BHRCSH, dcording 1o
pﬂ%?bﬁ%rﬁéjst%m neBldrfay. trﬁelhsmrthaﬂaeﬁt 1?@1‘4 fredlRhdy Ecarrier

he data stream The processing by a processor
and@@m'bgl paiod| assigmgdaioyeach pilotisymplealf dn aé@itlbly th uparspedBorsector

720 and T dat ro sor 714 at transm tter stem
speaho T Hl Phsite RREEERE Sodbnrdymipe Sad Sundtivar et they
miy 6 GBRE %%, ROESR0ES6: R %ﬁﬁluﬁfé&h& retcélaeé gshﬁb@mo & the proper
recelve antennas, e.d., based on he pl i nformati on

deneding paneocsur.wi th the traffic data RX processor 760

10F T, S haced) ecponke rimsty Bomryed R dor graprsor A ey be used to
petRERAT idale, t cé/ﬁﬁguﬁBGéésﬁlngtafHe' flceRBd ﬁﬂﬁ@oﬂo“%?rl'e%is change

assi gned to each pilot symbol hi addition, ‘the user
megaatidni rates $)es¢lmmes,pamtﬁema,ct1ansj RKI 1bros¢sexm TGOcmay further estimate

h
3 Rz iy otpe e p ety e SSHRE ot Aty sy} Pieams, and
pos&Bly" cﬁﬁ@f‘ c‘ﬁ%e? ¥k tSritis teﬂlﬂt b PheR uaﬁﬁﬁ&dtb r?a\gco?l%ller 770.

occur. [O The channel sponse estinate generated
Rlﬁydafa( mocﬁsms?ﬁo 66 Ccomrpllize 7(219 euriay dugkerf derves pm(mnmate of the

Gh e/’I élgﬁ[{grgtgg g}‘f’s%érrq g C%}:ltrglli'er 7!’7‘8 %I?elnvpergwdes Ah%%rtlel state 1nformat10n
(CSI), Whlch 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.
[0076] 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
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controls for TX data processor 714 "and” TX processor

utitized. THid aNpwEeritansrhitter ® F8Bmatnalspeélicdiattemtbasdieupon a parameter,
operatjon at the transmtter and recejver, systeng,

S“FE%%T@PP%?%}?HC%%? fesRonsE40 2R H‘S%‘i‘%tl%’r P e ‘é}“‘c‘) PR or

[0@’783913&4&&8{%% 02hd 798tRnUSAdeRYt RRIRL PRt pABrRY) Sser specific
770, respectively. The nenories 732 and 772 store the

scpinhtdingp atquennss, | sectoer apecific cdonmheling ceqidnoess, andsegell  specific
specific scranbling seguences, sector ecific
SCERRLIIRg Sre%eng%sqaa%mnf&l}tﬁxzﬁ iR FRispRE OB ARt sypbelst |
il _ os 1
(OB FAISIP T s SRR protostine effiques S2HEpecd 19 process the N
reededd sipmaby 40 detect thet/Vqt thnshiitiaissyinitiod streamys. tThessrecéivardocessing
the recei vge may receive both fre&uen_cy sel ectjve
n

tegligtes PREY dengrolpRe 1N WOePRRIATY S2IBETEE (afRabiahgnd space-time
rol i pySPATRE AR, (Phich A BEETHOR D LHBHAL DN techmiques);
argle|(8y t Tsuecestian nmilEngreguabizationt | dndz étterfdrbmee ahhalistien” receiver

transmtter to fransmt speci fic pattern based upon =
Pracqssing feshgique St 2 A B%ﬁﬁf%de@ﬁn ReceRHve lﬁteng%eﬁ% ganoplfation

oSS AL AL N B T 0070
[0p80JoWHikt Figr Msllustiakes a MBI $36tem, the same system may be applied 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.

[0081] 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




scranbl i ng sequences, sector specific scranbling

sequences, and cell specific scranbling sequences are
woaodsa1exsp | i zed in transm ssion of the pilot syabwiss006/009708

[0079] At the receiver, varb&us processi ng techni ques

may b e used to process the NR received signals to
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in the same manner as described with respect to Fig. 7
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pilo? SARE qEhtt Greb uRight 2#dS Md RRted Uit IwRidAOPhd EHLAB station is
froma particul ar nobile station, block800. These

coppmmcaglylgb‘dbclc Bkt br an emaljodiment) theaslcalgnﬁuicﬁms for each sector may

tran on,in a.fre sel ect.ive (Fi 3A),..a .. .
be i ab s rope siin B R GupSding Sn Wisfior idehtigRutign signal
th&t'@ﬁ&&[aﬁt%’ﬂ?oﬁfts MHt ﬁffoﬁﬁa@mﬁ'o&gﬁfa@cafs%leﬁgagéksm ssion in

a frequency selective and a tine selective channe

10p&4] SH] th@eluster leep suppbrtsypmboinicdtiost itls narépls eh@nleaﬂatloas then
scglﬁg m{lgt?qt %fgnqpiqlsgﬁa q:ﬁleﬁfﬁ]é)% e WE‘I’ h]ga:té\tfqhgw%{lg %ot t re n%blfe station,

HI6EOH) | G ABRRRIEAS, the'scdls fuﬂct‘fmf‘ b4 hOR1eMthfdn may be
mul tiple nobile stations, block 802. This

badet epcm rtatnoyue mdgntifier lnsesiefbr upgisirpgioadst mowidaddo the device at the

kno eof the network in which the nobile station.
tirag P ®, this information may be transmitted
Pl e —

stm:ticms iecominesicaintg authp mdblle cstalmnntsa]lﬂ arp applied the)pllot symbols,
i n_commu nmul ti pl e nobi

tl t t
angihg Sg%@ og ﬂ% ﬁcaé%afvr]la&?o#% ﬁgp%wg trthe gt F@ﬁb(tl% Tipgk 808. The
se%én@% é%e b Bn@rrgla{ég' ﬁl)u ﬁlet Q:eltl hﬁl thlIalt ?ﬁe %&hle station is

station
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.

[0086] The scalar functions discussed with respect to Fig. 8, may in an embodiment
involve a phase shift of each of the samples that constitute the pilot symbols. As
discussed with respect to Figs. 4A, 4B, 5, and 6 the scalar functions are selected so that
each cluster of pilot symbols is orthogonal to each other set of pilot symbols from the




communi cating, block 804. In an enbodi nent, the scal ar

functions for each sector nmay be stored in the nobile
webadsitaeesand utilized dependi ng on a sector PCT/US2006/009708

identification signal that ,i,s part of its part of its

pilot information or broadggst messages. [0084] If the
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staflbiSCUSSBEL thhésh respect to Fi gs 4A 4B 5 and 6 the
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ase station. [0087] In addi tion, the bl ocks
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el ectronic circuitry. [0088] Referring to Fi

selettine chlamne] (Big. 3Bt rogprgfinationefichistass pesme §§/Wgtﬂh are ahgned for -
tt di | tr
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desired traffic type, pedestrian or vehicular to which
bapalpnQr s ?ﬁg{l on is to be optinized, delay spreads,

[0090] 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
utilized may transmitted in a preamble of one or more data packets that are transmitted

from a base station to a mobile station at regular intervals or during initialization or set-

up.




or other characteristics of the channel. Further, the

information may relate to periods of tine, may be part
w@booa/1t@gul ar mai nt enance operati on on the baseCEHUS1000009708

or network of base stationspzmay be based on increased

| oadi ng of the base station or network of base
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anal yzed to determ ne the channel conditions of the
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(FP&A epl%@é%ﬁoﬁsr EdhtEMersD $iBroSE Mo Brs OiGBFloREssbR, biker electronic
mobi [ € stations as part of the initialization or

urgtstdesigngsk to petforme thel tinesioms desenibad hemins or ¢ edmbinatidnothergof..
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oS EDe Shafdts, Sulswkre %ﬁ%hﬁ?ﬁ@%%%&%ﬂ%ﬂ Bffgitomey be
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may transmtted in a pfreanble one or nore

fupetodost deserttwt] heraint rl’imsmﬁwaed cbdc;srmlay basstored am |nmmctr§zs wits and
nobi station | ar | al.s or durin

ofeRries By Piskersf cfhesBitons yibusy bF roaRbnisd pithip tis processor or

eﬁtélﬁ&l H"ﬁw%&%}bé‘s%rs iTBWhih $Asd @ ol bd %sﬁim{u%ldiﬁ{fﬁ&r@oﬁﬁled to the

the nunber o fot symbols to be transmtted in each
prob@swrenamqmlshrwn$§qnbkhewammlﬂtemet groupi ngs of pil ot

[O§¥4§b %ge I@ﬁesrluglgcc}?ts%go }bo:t}gqtléﬁ]gdrff%cggsg %gw\gd%ﬂeq%%? Sr%twdteg to enable
adyPRtdonGkiRA$h AR aﬁ 16 QHRM lof lasd ﬁ@%?é%lﬂﬁ 1%’&@11 V‘dﬁ@usaiﬁo@iﬁcatlons

menory or renovabl e nedia, which are inplenented
toghere esdodimentrmhapbé emadily apwrénd to Gloee sl«nlied m the axt;mﬂrthe generic

p %%é%@%&gﬁﬁ%%ﬂ{)g@y%%ggﬁﬁgﬂ 0§ BtPeengbeo imen w1t%out departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



exanpl e, these techniques may be inplenented in

har dware, software, or a conbination thereof. For a
wharodware9 | npl enent ati on, the processing unit SP@I/URINN6/609708

base station or a nobile stagion may be inplemented

within one or nore application specific integrated

circuits (ASICs), digitatjghgugg processors (DSPs),

di gital signal processing devices (DSPDs),

pr odr. ahwaklas bagmunitetércapataiisDeompifidieg:d pr ogr anmabl e

gate arrays (FPGAs), processors, controllers,

m crbl@dhineHUSBRY,  ni cr opr ocessors, other el ectronic

uni t,s ' r . hQns scri be

nor c TP bl bl of bilel 5hbBRG) BEEGea from the
wisgéss wameminiqatiendedied iy pluhity etdeniacimsticlesaid bed

herein may be i npl enented with nodules (e.g.,

pr oG8dnsessor qounlet ivathsthe ahleast ong antenpm andyike fegmaryythe processor

[0 ' L f twar may _ be

cagtfiy WO inloe bt BB 8o Ry dORR R By Dbl or e
plurelityrof seelart fungtjond eribipl teiiemiseidn Wity pildt BENBY1O 666518 afenna.

external to the processor, in which case it can be

communi catively coupled to the processor via various

oot | o eI EP oot et O i P SR R Py

stares amoter phaality p€sctin fisdctibheghd whérbia thé prob&sobdeasedthdSnples
toéhe resent jnventign. Various nodifications to these

ipHedtty thagrop of befhithe pluybisy efrecalenfunpidens asiialgreup of the
j / .generic principles defined herein
an%glt}%}gmg%%?fl%ggf %ﬁg‘iﬂ%@f enbodi ments wi thout departing
fromthe spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the
enbddi Hheviseletisamupmicatian ppraratys elclym dovhsreia the anether

' [ - i Encl-pl es ;and novel
PSS <SRG ORS LoRER: oty henll hRIGhahe it K
vedtor B onthogbied So ERAWHEr ¢&dtdrON appar at us, conprising: at

| east one antenna; a nenory that stores a pattern of
pilot synbols to be transmtted fromthe wrel ess
co i i i ce. lurality. o cal.ar :
Funct bl YNNGy Bfdth ot i, R0 e ity of
scalefuAdtiohs REmPrick vdreorieNiRalar filndtoly SRBHIEREn CadkSIRrie
sanpl es conprising the pilot synbols to be nultiplied
ortyogenaltasiach ether Mectost ural ity of scal ar functions prior
to transm ssion of the pilot synbols fromthe antenna.
2. The wirel ess communi cation apparatus of claiml,
wherseiThetvieel 888 Binyhunication apparatus of claim 1, wherein the plurality of

pilot patterns comprise pilot symbol clusters.

6. The wireless communication apparatus of claim 5, wherein the wireless
communication apparatus transmits 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.



stores another plurality of scalar functions and

wherein the processor causes the sanples to be
woobiipi2sed by the group of both the pluralityPof/US2006/009708

scal ar functions and a groupsof the another plurality

of scalar functions. 3. The wirel ess comruni cation

appar. atheswidéless cdinihghicatios lapparatub 6f AaidE BEKhdabarRé plo¥ebr

scal ar_functions conprise vectors of scalar functions
vagiaythpieaueney aarge hebeeara first ipe herdpshand a sscentttime peréed so that
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freeaeiyiraggefoL h 86con@fingC@iad. functions and wherei n each
vector is orthogonal to each other vector. 5. The

wi rel ess communi cati on apparatus of claim1, wherein
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transmts signals using a plurality of frequency _
pesiggchatveer s fifsh sgmbolagtied eyf ¢ laglgeymibel peséad an irern e pilot

d a mninmum freque and, wher ei n. t he
sy plPEERE B ool Ve 3L R uB B0 Y REF avcpe g the
plidalitofpYIEDSInSooiDot didh oftthe pRaslity O Slubdfs iPkidhsgthikted d@fing either
pil ot synbols of each of the plurality of clusters is

the figghaymbal@griod pnthedast pwab@mesiodubcarri er ot her than
t he maxi mum frequency or the mninumfrequency.7. The
wi rel ess communi cati on apparatus of claim6, wherein

t he PIrTEeSEElEss\CdiniReniéddn HpFANAE 67 clhidh 9 SwhatMRBSpldrality of
first time period and .a second tine period so that no

pikof xgakaie peBPRetdplaralibeofftiveg sedastiye pleigemibetl clustersfand requency
[ riod. are within the frequency range for a

Se%@%%ﬂgﬁgfﬁgbggﬁ?%e§'8. The wi rel ess comruni cati on

apparatus of claimb5, wherein the wirel ess

conmuni cation apparatus transmts signals using a

pl urlé: iThe virelesswomgumicatioy pprsratpee] deisn hevlesein eachf ofithe

S ol riod.and a l.ast_.synbol, peri od and.wherejn th
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pilot synbols so that only one of the plurality of

pilot synbols of each of the plurality of clusters is

t r andnikheadraessicogmainidation eppardtig eff claiynbovhepein ithecplorality of

the.l ast synbol period. 9 he wirel ess co ni cati.on .
scl g pEons T e S ohsralan HEREs T RrP ey o vestary duasi-
orfbBHR o ERARENESedtoR! Urality of time selective pilot

synbol clusters and frequency

12. The wireless communication apparatus of claim 1, wherein processor
multiplies the vectors of scalar functions and the pilot symbols utilizing a discrete

Fourier transform.

13. A method for wireless communication comprising:

generating a plurality of pilot symbols to be transmitted from a wireless
communication device; and

applying one of a plurality of scalar function to each of the plurality of pilot
symbols.



sel ective pilot synmbol clusters. 10. The wirel ess
comruni cati on apparatus of claim1l, wherein each of

wo b@oplozsal ity of scalar nmultiples consists of Per/phase009708
shift to each sanple of eachgsynbol. 11. The wirel ess
comuni cati on apparatus of claim1, wherein the
pl urgl, iThé métheEaf Adind USGHIeRAR tHeMaliS\eAOfbctidns are
scal ar functions and wherein each vector is

grourediio vedtorg gnd whersin aadh veetenis ardogenal to gach prher weetet. ess
communi cation apparatus of claim1l, wherein processor
multiplies the vectors of scalar functions and the
pi | o5, ShHEedtBodib d1hii ¥ vehekih 6psiiag compisihg khifisd Hpiase of
13. A nethod for wrel ess communi cati on conpri sing:

cagle panple thag cemprises gheh piladsypbolaccedingdp herssalpefunction.
transmtted froma wrel ess conmuni cati on devi ce; and
appl ying one of a plurality of scalar function to each

of tige THeuhéthod ¥f QhinPl 3, GhirtBt¥bRIpSsidg ap]lgi?ﬁigfﬁﬁbih@ﬁsc@far function
claim 13, wherein the plurality of scalar functions

ofnethgr plupsdity ofrsceler fumctionnta eatheoidhepluzadity ofpilassyinbols.
orthogonal to each other vector. 15. The method of
claim 13, wherein applying conprising shifting a phase

of epghieanRhed bh@hint PHRINEES _aﬁﬁl?ﬁi§ Rhb@br P Ainction comprises
according to the scalar function. 16. The method of

vagying ayeryime the ehetherssalor funiction ambied tg pleiotymbol etthk ahurality of
iLoinCt%qQ of another plurality of scalar functions to
PRt he plurality of pilot symbols. 17. The method
of claim 16, wherein applying another scalar function
conprises varying over tine the another scalar

f unct§. GFheapethodef ¢laim 1 i whsreis fhetrdhrabity aftpslopsymmbals ap of

ilo ols. .18.. T thod.of claim13 erein the
st e s i O BAER £ v SRt e i g
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and a mnimum frequency, the nmethod further conprising

gr ougspving e phimalityl afipylobsynghdlointasgindiersisandnt o ¢l ust er s;

Sy EB B adeR oGP areab e PR et o Bih et o that
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than the maxi mum frequency and the m ni mum frequency.
frequency and the minimum frequency.

19. The method of claim 13, wherein the plurality of scalar functions comprise

scalar functions are unique to the wireless communication device.

20. The method of claim 13, wherein the plurality of scalar functions comprise
scalar functions are unique to a sector of a base station with which the wireless

communication device communicates.

21. The method of claim 13, wherein the plurality of scalar functions comprise
vectors of scalar functions and wherein each vector is quasi-orthogonal to each other

vector.



19. The nmethod of claim 13, wherein the plurality of
scal ar functions conprise scalar functions are unique
WO 006he028% r el ess communi cation device. 20. ThePorURmA6/009708
of claim 13, wherein the pluyrality of scalar functions
conprise scalar functions are unique to a sector of a
bas €225 t'BHel iR¢thod biclii €3) wmeiwaplﬁkﬁg&h@ﬂm&i éfdchlanfunctions
devi ce communi cates. 21. The nethod of claim13, |
coppsises wilizige piigergieiHoprigr transforay infapplyingdhe seadprguncdiens.
vectors of scalar functions and wherein each vector is
guasi -ort hogonal to each other vector.22. The net hod
of cizi AMmbbhoddterifiléss @pRitni@tibh e ofprikialki ty of scal ar
functions conprises utilizing a discrete Fourier
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sy NPy g eba secpndmateless cgnmyhigatian deviegppagiond pluzality of scalar

i r el i cat i i ce. d o
P EN IR R e -
syBlbelsaivheptirOdach CRisRE of the Hlureity of irdd pHEEStboR W bathbdohaPlo each

ilot synmbols, wherein each cluster of the plurality
othgr dlystestof i hurabityrafdirst riikot syl enhibe pbraiy bf sgched pilot
cluster.of the plurality of first pilot synmbols and
Syyﬁgﬁpﬁﬁ%ality of second pilot synbols; and
t r angd¥isholitking, frdrh B debehdSOEEIBE: MRl &S0 ABVE tRakdcBRd
device, the second plurality of pilot synbols during
pluralitysefrpslopsymmballs dyringfthe sarpe pluraity of tme frdersials ahé atthesame

| urald of .frequenci the.plurality of first
Plgﬁﬂ tOfJ%BSrfcé?s aﬁil.w élﬁ‘éa?ﬂ%é?ﬁ%rap%‘l ismlg%lf" wherei n the
plurality of pilot synbols are transmtted utilizing a

plurality of subcarriers between a nmaxi num frequency
and 2 niheimethed eletpy @hcyhereid thplusility offpiles syrbols gre tfanemmitted

t{tlhe first .'tFI SS .CO ni cati on device, conprises
utfeR e p e OB RATFTS DF el Tl LqauR Gl Ap A mggpum
frédjulefdy SArIRrSin $Andrhdingd froh LS thir@RErdsk ebmiirRatlioRfevice,

each cluster is assigned a subcarrier that is one
copiyises trimsmitting each cluster of the first plurality of pilot symbols so that at least

one pilot symbol of each cluster is assigned a subcarrier that is one other than the

maximum frequency and the minimum frequency.

25. The method of claim 23, wherein the maximum frequency and the minimum
frequency vary between a first time period and a second time period so that no
frequencies between the minimum frequency and the maximum frequency for the first
time period are between the minimum frequency and the maximum frequency for the

second time period.



maxi mum frequency and the m ni num frequency. 25. The
met hod of claim 23, wherein the maxi nrum frequency and
wo b@emiazsarum f requency vary between a first tiPET/psr0ea9708
and a second tinme period soghat no frequencies
bet ween the m ni num frequency and the maxi num

f r eq&The thethol BEclhini 33, WieiEin PRI pIOFALIBS 6F JIRE ¥REKLI AR
m ni mum frequency and the maxi num frequency for the

trapspgind during amdwiabty, afgontigneusernln] periodd ketweerd finghemetal
ralit f_pi ols are transm.tted durin
o0 B 418 SSnbpctinchbd B FHOBE BoRor Bk B o
plitalisit of31B0 YymBEE k@ thabditly and aSthe pUEIRY oPBllbtQRYmBOR of each group
_Wwherejn groups of pilot synbols each conprises a
is papgmitied fugng pithes thesfrgtrymbol periasar thilagt symbobperiade
plurality of pilot synbols of each group is
transmtted during either the first synmbol period or
the 1ASThesiBiBod oPE1ain®93, fdrther EBAIPABING APpYngGind iR godlar function
further conprising applying another scalar function of

ofgnetheepluglity af scalar Hinchend tareaghupicthe phisality offirshpiddt symdols.
plurality of first pilot synbols. 28. The nethod of
clai m 27, wherein applying another scalar function

conmz§. SEfe Mathyd B9cleie D7, tviiReih RBplg@tn6hes §cdlad Function comprises
function applied to each of the plurality of first

vasyipg oventiao the angther spalar fimction aprflied|teie#ahxd the plpraltigy of first pilot
Syﬁﬁ)@)’&)rising selecting the first plurality of scal ar
Mct i ons based upon a sector of a base station to
which the first wreless communication device is
transmtting. 30. The nmethod of claim 28, wherein the
f i r s39. pFhpmptheg obelaige 38, dprthercempoigmgisslecitigthe firss phumality of

b et o THET B PR %y AL B IRoRS,

coniGhitAth dQTEeé GensHfgikgr S of scal ar functions and
wherei n each vector is quasi-orthogonal to each other

vector. 32. The nmethod of claim 23, wherein applying,

at t irst. w,rel.ess.co ni cation .device fLrst .
ot ur 1 T3 Bpndi oF cfF i o eea SR raF piElinrFseflat gShons i

wrilipseCto @hSfifsP WireRks EdriaAieAtBn dbvarpl yi ng the first
plfurality of scalar functions. 33. A wreless

comruni cati on apparatus, conprising: a plurality of

antepnas; a th tor.e { rality.of pplot
g 0 TR e SR IR AR
comprise vectors of scalar functions and wherein each vector is quasi-orthogonal to each

other vector.

32. The method of claim 23, wherein applying, at the first wireless
communication device, a first plurality of scalar functions comprises utilizing a discrete

Fourier transform in applying the first plurality of scalar functions.

33. A wireless communication apparatus, comprising:
a plurality of antennas;
a memory that stores a plurality of pilot patterns each comprising a plurality of

clusters each of which comprises a plurality of pilot symbols, each cluster of the



clusters each of which conprises a plurality of pilot
synbol s, each cluster of theplurality of clusters in a
WG 2008/1pi25dt pattern bei ng orthogonal to each oP¢EUS2006/009708
cluster of the plurality of gl usters of the same pilot
pattern; and a processor coupled with the plurality of
planlignéfasusiéitl id heafe BubypatleREbdOE alifol dab® bMdr BldSker of the
pilot pattern of the plurality of pilot patterns to
Pllél@b chisters pi e srme pilsyetom; grdups recei ved from a

A RN L A

utﬂizﬁigmni?e?pllwm atedri dfhBle iRyl 61y piddt itlefs ©RAH4RES Snultiple pilot
nFrlse at least one tine selective pilot pattern and

ERYPs eaeived Bgucrilyralisi eforiralesssieviges gdhe pluralitpsf antennas.
The wi rel ess comruni cati on apparatus of clai m 33,
wherein the nmenory further stores a plurality of

SeqURINCH WinélessAotridiéigR Bpparitis 8BARINOLH Sihet6If RN WIBrality of
of the plurality of sequences and wherei n t he

pilot pettosasogonerise ¢t logel opeitimst selective pildtprittrnad iableagfone frequency

Seféc{l\% 1?&{”3&' s of the pilot pattern with sone of the
uefice ™ he plurality of sequences prior to

decodlng the pilot synmbols. 36. The w rel ess
comruni cati on apparatus of claim 33, wherein the
menmotdy h?rWlﬁ@PSSwml%ﬁQn Iaeparzptuw@lamy%;fwl@equ@mmory

rocesso ele |veI I ns
ﬁlﬁﬂ?rts or ulr%lr‘ﬁy 8? setthgncIS? arg yﬁt% T(o ?aﬁ]té gqef Sgquence of the
pl@@hfy&fﬂ%eqﬁehbes@lﬁhvﬁe@ﬂﬁ tigf prbé@so?%@llé@tﬁkfe@ysn@fruétb ghultiplication of
plurality of sequences and sone of the another

th@ piletayimpolsexf thaspild pedern prithaomef dessdienyes hbthgipluality of
rel.ess ni cati on appar at us of
se VRS or e ling Yok B SmEED: "gener at o an

instruction, to betransmttedfromat | east one of
thejﬁburallty of antennas, specifying a pilot pattern
of t Bleumfrlbaswonﬁmpuctatmn poparainnefl dlainbds3, whensnithet neemory

h
fo o e e G0 O e pes A4 S Bgre T PR PrcRoT AER eIy
inGAehs RikiplicAorTithdpild dghbals bPﬁhe%YlHﬂS%ltteﬂ@Mtﬁ HRtH me of the

assigned to a frequency within a frequency range
sepeangeseef the pbmlm af saqueprenand somet of the mathenplureljyexisgquences

erein | .eas ne the plurality of pilot
m§§%%§h§d@ﬁ gPt ﬂg'plurality of clusters is

assigned to a frequency subcarrier other than the
maxi mum frequency or the mnimum frequency.39. The
wi r el7e shecwintensicommnpricatipp apraratss of claihed mvdsreimttergdressor

S TN A RO T N .

speEIBliDMPUS: PatBRQIS (REpTuLSy &eﬁlweﬁﬁt@mf folbetiranMRRRN to the
period and a |ast synbol "period and
wireless communication apparatus.

38. The wireless communication apparatus of claim 33, wherein each pilot
symbol of each pilot symbol pattern is assigned to a frequency within a frequency range
between a maximum frequency and a minimum frequency and wherein at least one the
plurality of pilot symbols of each of the plurality of clusters is assigned to a frequency

subcarrier other than the maximum frequency or the minimum frequency.



wherein only one of the plurality of pilot synbols of
each of the plurality of clusters is assigned either
WO b@oflie2se synbol period or the last synbol perPCDUS2048009708
The wirel ess comruni cati on apparatus of clai m 33,
wherei n each of the pil ot Q)S/nbols of each cluster are
assjgned to,be Lransm.t lihd & 7 LARBEREYch pilot
su E%’g ?ﬁﬁeérflr%?ss 5° grou E)Qaﬁ#n‘? g%‘%%%tggu%fudsw??sed uency o PO
BDsRdakh Bilst shdbl panrgeisfaapned toanimbod fariodwd apjuraityof
Syn%axi mum Erequ_egc and g{%gqitng }?lsyn‘o‘glwgfg[aiéod q%cqlgf:ﬁ%dand
contjgeans sphbelderip Ql%qjgyegny sypabql pigao "ﬁj’én
first.synbol | . | BRDbF clusters i
whRERBPFO R O i sATBIZHREh oP BB clusters s
assicficP&ifef MRGirtthgmbBXperion dr tesfastgmbol perivd. mi ni num
g?equency as its transm ssion frequency subcarrier or
the first synbol period or the |ast synbol period as
its, transm ssion - ' A WM LBl LSS cach of th
co n ea‘?'ﬁré;lﬁssézp?g’;l}r{a %stloagg#%%u%?%%laéé?&pl ur al ietal ():/ %f °
1Ry EBNE ST edth PR ¥rd 438igned wrtesranspittedaltilizingef frgjuenty
Pl pa?l_tﬂer ns each of which conprises a plurality. of . .
subchmiet of sgrovp efcatigees fresiergysupearpign tha) raree fand f gramym

a sa il ot pattern ' t :
trogiepe B BrOpEe b dlle? B Sy SABBEL el AR Ofonguons
synRisH1 pBridds tAdtGardbelff 6 8 FESsymbulperidd s b bast fyentpil peebd end of

antennas and the nenory, the processor caysing a
wheteir ial saelyclosternq moresthabenapilat éﬂflb‘i’lﬁ@ a%Stsnaﬁ @%?‘P’S@“m

tt f .th | [ ' . .
trofaE R e o iagh risks B sy REARIENEy fPefior or tho frst
syrABS19RASS or the last fiEnb] Hetied as ieomansmisani symbappaial us  of

claim4l, wherein the processor causes a plurality of
pil ot synbols according to another pilot pattern,

di fferent. than the one pi t .of the plurality
of 6?1 gtwﬁg?scsecr” Q'“fnécn%é’gtak %%tﬁ?’tcbg%ﬁflp g'm at |east two
of fLhSuRlikf & dnteingd; antennas. 43. The wirel ess

communi cat’i on apparatus of claim4l, wherei

\ t.he .
pl urahemyryothapptorss P aturalithofadleh rﬂa%nateaﬂéagtw%ﬂb CPRpses a
sel.ective pilo atterhn, a - - :
prgghef plicf pgh Gie S ERdh, Stk g8 LAREMA kttem being
ortRBBHaBto ol bthet @bterdds thebREAt)of dlastere wb the shuretplilet pattern; and
stores a plurality of sequences that are_ orthogon

|t
eaca mwodeesor seepledhwithdie plheality ofr antgnngs gprd %Wstﬂgﬁy@%essor
wh [ h S | ect i i. . .
camﬁgr ?? IBﬁraglg? P%?o&?s?%ﬁéls %??oggltnlg ;62“ %&i %ﬁg%ﬁ#ﬁg%{; itlre o'%lurahty of pilot
paRtahb & Be Whdshis@Rorf fat 1A tHO G eRRGRGalHy dfhatephas al ity of

sequences prior to transmtting the plurality of pilot
synbol s according to one pil ot

d

42. The wireless communication apparatus of claim 41, wherein the processor
causes a plurality of pilot symbols according to another pilot pattern, different than the
one pilot pattern, of the plurality of pilot patterns to be transmitted from at least two of

the plurality of antennas.

43. The wireless communication apparatus of claim 41, wherein the plurality of
pilot patterns comprise at least one time selective pilot pattern and at least one frequency

selective pilot pattern.



pattern. 45. The w rel ess conmuni cati on apparatus of
claim4l, wherein the nenory further stores another

w@bkwmealizsy of sequences and wherein the procesBOT/US2006/009708
selectively instructs nulti;plication of the pilot
synbols of the pilot pattern with both sone of the
Seqye nﬁ}e Swf%gle%srb%m%&ﬁriélﬁbﬁ YpHraR 8 GPQRRES1, AtbrSiA TR Bémory
the anot-her plurality of s%quences prior to

furthéranends b piurglity besdoliericas itay areforthbpatal tyeroblothenswmerkerny the
to one pilot pattern. 46. The w [el.ess.co ni cati

plurafsolcpeiuenses Gy RErelB e fRrEer SFireH PR HEELGs mylilicAtaRof
an i ot . J ) . pe

the ol Ao dn G ain VBTG il LEREAGE of Rt o

seq@énceiprigl tortahihiting thp iplulitpaf pAotrsynibolstrecerdmgsaione pidot
to the wirel ess communi cati on apparatus. 47. The

patigit-el ess conmuni cati on apparatus of claim4l, wherein
each pilot synbol of each pilot synbol pattern is
assigned to a frequency wthin a frequency range

bet y&emhawiraksdeomrhiie catdncppaaths af niaith Hliwhereiqubempgmory
and wherein at |east one the pl‘ihr al.it

: of pilot. .
furthpniteres appthaplurality qfﬁgqlmn&qsaqnﬁt eggin elgrf)%qggorisglectwely

. SSi an . L .
A b G UTORPARE  gs o
seqObsicek ©F thequFaliy of a¢quencesppd sahe of tie apbthenpladalityvhisegignces

‘each pilot synmbol of each pilot symhol pattern
priewstoitipnsmitting éew 05@#%%@9‘%%&3%% tB e gHot paftern.
conti guous synbol periods between a first synbol
period and a | ast synbol period and wherein only one
of ybeTRE whirldsé yorafupichtidn ppaiatisofciaimachwbéreithibe processor

plurality of clusters is assigned to eifher_the fi.rst
gengyaiboin Perp@ipneto t{eﬁ@nprggtfedsfm% 8t le'ﬁé pp%a}_; ttﬁg Q_lurgrlﬁg of antennas,

Wit el ess [ [ b Bfichni BN
eGSR of e RT Rt sl B Pt BT
witePesh ofnfrimsoatién gsbatdtid. i zi ng a frequency subcarrier of

a group of contiguous frequency subcarriers that range

froma m ni nunfrequency to a maxi num frequency and

duri,ng sy:bol ' : t ;

perﬁgdg%Fﬁégmﬁgﬁge r%ﬁ?@l%ﬁgégngﬁ%%ﬁﬁgéygggﬁfgﬁgghe{
symBSL ofHBpilotRGMmbEIhABch ishssigied t6 B fegudncy witires frequamoy enge
than one pilot synbol is assigned the Xi_mum
befwasgaanesimym EemicnssHdATMMIRERdRApeney aodsvhergp ahicastogp the
frequen subcar rd [ [
o LRI S Of L Bfrald B oEERA, aBBLAE, Plichiticy
subGridy ShérahASiBe GRRTTh (Ruaty ap firrmainimundrgpoesiyng:

means for arranging a plurality of pilot synbols in a

plurality of clusters; and

48. The wireless communication apparatus of claim 41, wherein each pilot

symbol of each pilot symbol pattern is assigned to a symbol period of a plurality of
contiguous symbol periods between a first symbol period and a last symbol period and
wherein only one of the plurality of pilot symbols of each of the plurality of clusters is
assigned to either the first symbol period or the last symbol period.

49. The wireless communication apparatus of claim 41, wherein each of the
pilot symbols of each cluster are assigned to be transmitted utilizing a frequency

subcarrier of a group of contiguous frequency subcarriers that range from a mmimum



appl ying one a plurality of scalar functions to each
of the plurality of pilot synbols prior to

WO e@adni2ssi on of the pilot synbol. 51. The w reCEES2006/009708
communi cati on appar at us of ai m 50, wherein the neans
for applying conprises nmeans for applying the

fre@%élﬁg?'td.si %{ﬁoagfmﬁﬁ?fegﬁerfcy Bed BT SQmitAbeREEHr £1rdah 8F cc?ftiguous

s I's orthogonal to each other cluster o
symbdl perisdunthat mng&Rom Bfestaymbbbpaicddmmlait sanbalrperiod and
apparatus of claimb50Q, further conprisi.n ans_for
whalsti U G96h SHSICHBP TOESIPAP ORCRILGSBROGH S ArUE NS RRF Y
e hidAh LRy 580 sk i@k YutRhrrRl bothe first
ﬁeg%ﬁ%gﬁg.eSB. fﬁgqﬁﬁyelgss conﬁzﬁic%tiog gb%é%atus of o
symbaliperibd or thied agt ispmbglpleripd gs dnparserisssaudyarbol perdad. on
conprises varying over tine the another scal ar
function applied to a pilot synbol of the plurality of
pilap, $s corfmuniBRioWabFargs c6APAKALCat i on
appgpa?%ghg% c?alny%ofgwﬁggein fhe pIu?aIity of scal ar
f unotdansforaompging e pheditapf pilvtcyinbols inreluralitywé clustetsh and
wi rel ess communi catiqn devjce, 55. The wrele i
comABPIVEEITG R Wﬁ%&%ﬁ%ﬁ%ffdl%‘ft’é’ﬁlﬁ?%ﬁcgﬂﬁgeéﬁwaﬁﬁ’edPﬂ"t
! : loffi5idt 8Rsb&IONPr i se scal ar
S hﬁ%?ﬁgﬁ%g%ngﬁﬁ%#o%uoe to a g%}gtor of a base station

with which the wirel ess conmuni cati on devi ce

communi_ cates. 56. The.w.reless co ni cati on appar at us
of /T SOICIGER EPBIH{CALOT FRAREALYS ) At ot ipgyraeans for

. L ol . .
oo o AL et Sop RIS PR ol SRR S AL Soch
clsted ofpdotesymbiolsds nehognildp eaclr athei algstearafpilobsysreéms f or

assigning a transm ssion frequency to each pil ot

synbol of each cluster so that at |east one pil ot

symigl 9 v@?ﬁgﬁg ChghiifcaliSn ﬁﬁ&ﬁﬁ‘segf AaitHs Firk e bothPRding

is one other than the nmaxi mum frequency and the
meting forapplvirenateitoy scabaf fuiktien wf pdtherplavhitnafiscas fonctions to

apparatus of claim50, wherein the plurality of pilot
eaglyﬁ%‘r@pghgalgyﬂfgﬂgq-ﬁy{rggﬁ. during a plurality of

conti guous synbol periods between a first synbol

period and a | ast synbol period and wherein the neans

f or 31 rErgying eseopmmiumication appmrdtos ofadsing 0, vdheesas Applyingt

synbol tg a synbol period so that so that at only.one ..
amghep ol AERSIOB CORRERFS CRORMERVeF e B anAtparsaaleR fidlipn applied

& [ . ' r the last synbol
to%gﬁ%%ﬁ%}frﬁl@bg.o‘%ﬁe\fmﬁlwé}*{@gbgg@g ni }:Sgti on appar atﬁs

conpri sing: :

54. The wireless communication apparatus of claim 50, wherein the plurality of
scalar functions comprise scalar functions are unique to the wireless communication
device.

55. The wireless communication apparatus of claim 50, wherein the plurality of
scalar functions comprise scalar functions are unique to a sector of a base station with

which the wireless communication device communicates.

56. The wireless communication apparatus of claim 50, wherein the plurality of
pilot symbols are transmitted utilizing a plurality of subcarriers between a maximum

frequency and a minimum frequency and wherein the means for arranging comprises



means for grouping a first plurality of pilot synbols
into a plurality of clusters; neans for applying, at
WO b@oflie2se wi rel ess conmuni cati on device, a fiPSI/US2006/009708
plurality of scalar functi Qs to the first plurality
of pilot synbols; neans for“transmtting, fromthe
first wreless conmuni ' devi [ o
e [ st EBUT NG, Begr hEarS iy Blot PhiboPbFERy chbtehe
that 3 1e8stRhd ?ﬁbﬂ dyvel of et eRRRE BssigRahssiboarrigr tapisrge gther
second plurality of pilot synbols into a plurality of
tharcthe stasirsym fregnencysnd shaynipimBm .U Fecond wir el ess
comuni cation device, a second plurality of scalar
functions different than the first plurality of scalar
f ungt iRSyitdesd copBRREcapbh eparitys of clgid 50, vehendio ki, plurality of

wherein each cluster of the plurality of first pjlo
pilos yyrblols aiegransmittsd shiaing e olusalith obeomiieuEns Sgol BPH‘?Aﬁé’eEWeen 2

| uralit f first pil . - - f
sisCrihprlofinis RSy Bbo e RU R yhe AR et Wrdahitp?
contptReSREARGoWAds ﬁﬁgseaeﬁgmmiyﬁmbl torn syebot peridd® thatco iht at

lurality of pilot synbols during the same p uralitY od
onlpbnd piles symbek afidach aeicB tEREMBEEURNE il ye ! symbol perio

requenci es as. the plurality of first pilot synbols.
or th Flbatief P

s communi cati on apparatus of claim58,
wherein the plurality of pilot synbols are transnitted
utilizing a plurality of subcarriers between a maxi mum
f r ebRieAoviredesd cammumicatian PPREGIBHES RN EMher ei n t he
means for transmtti . : ' Y .
ConG<at PP Bt et s TPl lh & BlEARy of clusters
eacheGha kot SplPhk e the fist wiklessalonintudtativinl devicsyafict plusdity
that at [ east one pilot synbol of each cluster is

of sk fmetions wube frst phiality gt pilef syHBOlSt her than t he

maxi mum freguency and t ) Q; Coon 8QicelBR

TP SR i 5o G PR Hen BecTte
phABADSf hidst shhBBRMutihk Aglutality ©F titdentepualsand o b phuelity pt

and the m hinum frequency vary between a first tine
frepagniced; and a second tinme period so that no frequencies

bet ween the mni num freque 1Y .
S8 lity of

f r e AFERTAPT BOTPIH? ?eicP%qep Haﬁ@%ﬁ?ﬁ)&%ﬁ ar e ﬁat en the

cld¥iepd. mum frequency and the maxi num frequency for the

second time period. 61. The wirel ess conmuni cation
appanahs Srapplying, at SEcondErepss CORBRHEAtN;deyIces2 S5PPst

pl%%lggf%g g%iér i aglg Tgte:r?e a‘tgalfll[}ié ng\e@gﬁﬁgﬁftﬁbf Lok Functions to a
second plurality of pilot symbols, wherein each cluster of the plurality of first pilot
symbols is orthogonal to each other cluster of the plurality of first pilot symbols and the
plurality of second pilot symbols; and

means for transmitting, from the second wireless communication device, the
second plurality of pilot symbols during the same plurality of time intervals and at the
same plurality of frequencies as the plurality of first pilot symbols.

59. The wireless communication apparatus of claim 58, wherein the plurality of
pilot symbols are transmitted utilizing a plurality of subcarriers between a maximum
frequency and a minimum frequency and wherein the means for transmitting, from the

first wireless communication device, comprises means for transmitting each cluster of



first synbol period and a | ast synbol period and

wherei n neans for grouping conprises neans for
wa@e@apineg t he plurality of pilot synbols so thetT/o8t006/009708

one of the plurality of pilgg synbol s of each group is

transmtted during either the first synbol period or

thd filt pRsdlitpHHIRE sREb19Eo tHiPat 1344€ oM pildt SHbEIUTIVAEH €laktboi

apparatus of claim58, further conprising neans for
assgnsidys suljcaarienthatris erapther tham e rosximpmafiesugaey 31dithe igipum
ﬁmpf §Falar functions to each of the plurality of first

ﬁP?b?'synbols. 63. The wirel ess conmuni cati on

apparatus of claim58, wherein the means for applying

anot her scal ar function conprises neans_ for varying

over60: iTie witetesa pommenicgton appafaincel daimaifh Whetpin mearsciar

tra(t)lgm}tgr?g Qalm%rs %iel r}1 iglfun{ frgc?l}enggr Lr?cf the &qr?%usm frequency vary between a
first time period and a second time period so that no frequencies between the minimum
frequency and the maximum frequency for the first time period are between the

minimum frequency and the maximum frequency for the second time period.

61. The wireless communication apparatus of claim 58, wherein the plurality of
pilot symbols are transmitted during a plurality of contiguous symbol periods between a
first symbol period and a last symbol period and wherein means for grouping comprises
means for grouping the plurality of pilot symbols so that only one of the plurality of
pilot symbols of each group is transmitted during either the first symbol period or the
last symbol period.

62. The wireless communication apparatus of claim 58, further comprising
means for applying another scalar function of another plurality of scalar functions to

each of the plurality of first pilot symbols.

63. The wireless communication apparatus of claim 58, wherein the means for
applying another scalar function comprises means for varying over time the another

scalar function applied to each of the plurality of first pilot symbols.



