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[ 0003] ThewpngsmRisgflocument rel ates generally to wrel S CT/US2006/060336

comuni cati on and anongst other things pilot information transm ssion
in an orthogonal frequency division wreless conmmunication system

1. Background [0004] An orthogonal frequency division nultiple
access (OFDVA) systemutilizes orthogonal frequency division

mul tiplexing (OFDM. OFDMis a nulti-carrier nodul ation technique
that partitions the overall systembandwidth into multiple (N)

ort hogonal frequency subcarriers. These subearriers may al so be

cal |l ed tongs '8 ,OFandL fTrPe uenc channel s. Each subcarrier is may be
modul at ed Wicbh, dat . Up to N HoUaPER BN SHIBFS FRRGAGFEREEHES GIoRt Hi ORPM
total subcarriers in each OFDM synbol period. These nodul ation
synbols are converted to the tinme-domain with an N-point inverse fast
Fourier transform (I FFT) to generate a transfornmed synbol that
contains N time-domain chips or sanples. [0005] Tn a frequency

hoppi ng communi cation system data is transmtted on different
frequency subcarriers in different BAGKGROENDal s, which may be
referred to_as "hop periods." These frequency subcarriers may be
provi ded byI'ort hgﬁ al frequency division multiplexing, other

nul ti-carri groosPdtheairésent dRahRhtidRIss RherSlyE WirbiRss eRmatibation. andiahidngst
f{ﬁquency hoppi ng, the data transm ssi.on, hops fromls bcarriéar.to .
subcarrier P e’éth%égéd’d@t PR RSO ARISsion fsaThohneRge F#WH@'S Tyisiogerisss
di versity apshabhiosod fReteat a transm ssion to better w thstand

del eterious path effects such as narrow band interference, janmm ng,
fadi ng, and so on. [0006] An OFDVA system can support nultiple nobile

stations siyppl tagggggi.wndFor a frequency hoppi ng OFDVA system a data
transm ssion for a given nobile station may be sent on a "traffig"”

channel t hat000d] Asserhogory fiqupncy dpsermdinle aerrenQF N pRisHcprgizes

sequence. Thifko ohhl%%&%@ﬁ%%ﬂdi%@@n%ﬁlﬁglehﬁg é@p@m)t ICFISIMIE @k 18lcatrRr USE
for the data 20077 051190PCT/ US2006/ 060336 2 transm ssion _in each

hop peri od. MeHration chrigue hptpraitiasitbheveral sysiem pandeidts prip arudinle (Mhs

may be sent o$hdpshlidR&RURLYsuBBarRlst MBLR sub&rfidss naloalecallb@ionsd, Bins, and
associated wth different FE sequences. These FH sequences_may_be

defined to BeduspenelypRals. Bachdcarst ianayls medlatehpirh dai- (Ymlrl ¢

channel , ang  hiid8o PR HodNB1af BE Berdt bARSIN SSHAIARboHEES i1€84Ih CRDLAHARL | N
each hop period. By ‘usi ngéortho onal FH sequences, the nultjple data

transnmi ssi oRgiqferdiess mpdeationtyiaiee 6oy oiiEd i bA&meripRR Wi and-point
enj oyi ng t hgvBeoefst Feudr thh GEHR NGV T to/EhStakd/a transformed symbol that containg N

( time-domain chips or samples.

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

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

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



[ 0007] An accurate estimate of a wirel ess channel between a
transmtter and a receiver is normally needed in order to recover
data sent ipaobMAR104h " €l ess channel . Channel estimation ﬁéﬂﬁ%ﬁ&ﬁﬁ%ﬁy
performed by sending a pilot fromthe transmtter and nmeasuri ng e
pilot at the receiver. The pilot signal is made up of pilot synbols
that are known a priori by both the transmtter and receiver. The
receiver can thus estimte the channel response based on the received
synbol s and the known synbols. [0008] Part of each transm ssion from
any particular nobile station to the bas@ station, often referred to
as a "reverse link" transm ssion, during a hop period is allocated to
transmitti ndraprmistion imessh&op eared- aMpliple dréa Wenspussians fof mpltinlameiifes

det erm nes th@oRak} by s sBNARAS S d ABkibRAra RO hRRAS ehak B RBeKREd with
error rate performance. However, the use of pilot_synbols causes a

reduction i Wiffgentdif exdupiesst ThepsRkigaBenoanay pafefinsddp be gpthegonal to one

achi eved. ThadkSso tBst JHBY Snd@dTEWCHIe], SnPESL gﬂ?%nte QatittaBimission, uses each
i nformation, | ess bandwi dth becones available fo data transm ssion.

t
[0009] One SYpsaréT iEppchipRresgdt Binvpias aribpeserbd seqreasss: bsriiiple data

nul tiple moihgnitishd %ﬁ%ra@l&@io@ﬁo% {8 ese {v9h 3né MBthGURHR B BE benefits of
frequenci es and synbo ertods. In such a system it is inportant

that pilot ifRABFFHIEHWe reliably received fromthe nobile station,

whil e at thqogaeah bb®irsi8 dGhatd of B X ileRBAWaAhE HehAden laSraakinitAbfdla teiver
information, since the block has a limted angetgnt of synbol s

pi tot . )

ar(E tones avaRqrEm|lE negsieddn grdertorigpovsy ife sentaia e ss chanarls frheandn.
SUMVARY' [ 00 Bhtirhiticals @iy Rormét bodensihBaGliloPbinehdGamhite DY intkRuring
for pilot synbals transmtteij fr,?ma nmobl | sta%liin or .a b€$e
station. ThahgRit &t e aeqetiRE 187 Pilonsienda made ap ot PLEYHBRISHUA 4TS Hievere
the Ei ! gt s?jbmaedtgr Bdﬂ?ﬂ&rﬂe&lkﬂﬁter Iili@reigﬁkf;&@t'ﬁlﬁ?e&ﬁv& Ben fhiuk eﬁin\ikﬂ$ ttRdhsnnel
my e Dase upon _a equency., s ectivit of the user. an a Trequency
Sel ective t AFBER Hsed Qs 6esFi e FTabeesnd S (BEFBEPR8R3 [ 0021 I n

addi tional qodustli PENbSsach CARHRISSIbM o MK Quitidglat AR bAD kthiibry td the base station,
mul ti pl ex pil ot éesféirngfl s Wt hout S}i terference and/ or bias

) i ng,.from

di fferent mSBeER e Ty eEediky TBRERGHOT, (U3 860 B 1S HIBTER Phe
same L r gque[nghﬁiﬁitt@fgcbf iidlr; s&ﬂﬁﬁﬁg_@n&ﬁlﬂﬁe ti5d 1Qin$:>h eirﬂf?iﬂbt@iﬁiwbd smteﬁmhnas ga_e
rovi ded. In _turther emodi nts, cnenes or redycling t | as
gr interfer @H%@PSPhWFb?S“WH%Iag‘E@F%ﬁ% P"t"ggt TSR PF#@F‘E%PC' BYFet
stations in tieksgbpidNgnield Gussarredditios aibe bffecieNenagissiot dhia rhid ehat
sane tine slots i t her

.an OEDM system are, provi ded. 41..1n
onbod mont o CohBe M oo TRR e IS BEngd e Mg BB aro\Fitreq.
Syl 5 are prayten B B e RN EARIE S NGS [ 5] T
S Ools are ovi ded. . IS .
f eat ur es, nﬁ‘lﬂ%,0%6{953@Eﬁr&%ﬁ%fﬁf%%@g@ﬁﬁgﬁﬁwrﬂé‘%g %Glple mobile
becone nor e spfpa f8ksdigRmid Reotigivaid eduplesGEdquRhtioNamtdynitdl béridie] ®ysuch a

i e drawi ng?s] I.n which Ii’%e referepce
C

when taken in conjunction wth th
characters isﬂsé‘?’ffl’i]ﬂﬁl@@f’?t%%t\é\%ﬁd’iﬂﬁb nformation, B stiebly seechyedrieqm the mefiler; g

1 illustrat eatian,Hild kit AeRasite WdidhedR LRI Gat i allocysd ©pilot
according t ?n opmagt%?ghc%e thltG block has a limited amount of symbols and tones available to be

used for both pilot and data transmission.

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

patterns may be based upon a frequency selectivity of the user and a frequency selective
threshold.



[ 7] Fi g. 2 illustrates a spectrum allocation schene for a multiple
‘access W reless communi cati on system according to an enbodi nent; [8]

Fig. 3Ailweshialsesea bl ock diagram of a pilot assignmeptrs
according to an enbodinment; [9] Fig. 3Billustrates a ﬁoc@%g}sgm

of a pilot assignnment schene according to anot her enbodi nent, [0010]
Figs. 3C-3E illustrate block diagrans of pilot assignnent schenes
according to further enbodinents; [0011] Fig. 4A illustrates a pilot
synbol scranbling schenme according to an enbodi nent; [0012] Fig. 4B
illustrates a pilot synbol scranbling scBene according to anot her

enbodi ment; [0013] Fig. 5 illyustrates a base stati oggvi\ibth mul tip

|
sectors in 0% pjsghiionglmalodinerip.cscheragidon Areovgn’ ll%t%%ﬁg’hﬁﬂm

to an enbodiymrdis wi@Bddntdrfegenct dnki} U5 biagihg Fromn Blfrém | rBolRCASTons in a same

wi rel ess conmuni cati on system accordi ng_ to anot her. enbodi nent; WO,
2007/ 051191 BT UDD P80 B3, Oyer %60%13 fepogrenerey Pﬁ“[:é”[ ﬁ%t e, tigjelgts in an

di agram of @rpaikedbARA predidadtransmtter systemand a receiver
systemin a nulti-input mnulti-output nmultiple, access W reless )
conmuni cat i H3&Jatfarer seestments, S"geri“Fﬁ frerpdncae é‘ef 1P igHerepoe for pilot
met hod of pkdabols wahehitte RnLAHifRReR GESHIR Bgiohd i Reighbaeig el ;oveDthk Hame
Fig. 9 illustrates a flow chart of a nethod of alteri nIg E)&'Iot synbol
patterns ac&SAnstys £Bd ]é‘rﬁ'l\%%%l)f“ﬂﬁﬁ]cc’fs n 4y OFDM system are provided.

[004] In other embodiments, methods for altering pilot symbol patterns are provided.
( Also, in other further embodiments methods for generating pilot symbols are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[005] The features, nature, and advantages of the present embodiments may become

more apparent from the detailed description set forth below when taken in conjunction

with the drawings in which like reference characters identify correspondingly

throughout and wherein:

[006] Fig. 1 illustrates a multiple access wireless communication system according to

an embodiment;

[007] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless

communication system according to an embodiment;

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

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

another embodiment;

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

further embodiments;

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

embodiment;

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

embodiment;

[0013] Fig. 5 illustrates a base station with multiple sectors in a multiple access

wireless communication system according to an embodiment;

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

another embodiment;



[0018] Fig. 10 illustrates a now chart of a nethod of pilot pattern
sel ection. DETAI LED DESCRI PTI ON [ 0019] Referring to Fig. 1, a

mul tiple | ess commruni cati on system accordin n

enbodi nenfﬁlia?%? O\Fédblsg?rat ed. A base station 100 incl udesgPrﬁtﬁ%%B?G@“:’“
antenna groups 102, 104, and 106 each includi ng one or nore antennas.
In Fig. 1, only antenna is shown for each antenna group 102, 104, and
106, however, multiple antennas may be utilized for each antenna
group that corresponds to a sector of hase station 100. Mdbile
station 108 is in conmunication with afitenna 104, where antenna 104
transmts information to nobile station 108 over forward |ink 114 and
recei ves i nltghtfigry fllusmatendblogk diagrand af apgmbedimentecafey mansmitii systom and
Mobi | e st at QL il eab
ant enna 106l‘1;B %ae%l‘iegﬁ’sgﬂ%l%gr mat IHI 0&;{1 %%&p#rgblphgmg? ép@@%h%e%%gn%\é%sfof%ﬁ%?agm
i nk 118 andyst@@ei ves information fromnobile station 110 over

reverse | inoh$f.rig %ﬁﬂhﬂgﬁscg' FYGOHRr Qs :3BLE8N 88 il 2y mbBscr@Rfion Aecording
and/or the area in ey are designed to comrunicate is often
referred totwan gnbediment; of the base station. In the enbodi nent,

antenna grogqs 7143y ¢ Qfusnaid al%we@ﬁ:dl&@fg rﬁ@cﬁwe?qug ggﬂwggﬁ@& Spalterns
mobil e stations in a sector, sectors 120 2, and respectively,
of the ar eagcmegédaibvnm?@%‘ﬁtamd on 100, [0021] A base station may
be a Fixed $5@l) G UDGHudtRlesCAMBH BihdrAds met%a Br b ;SBHR psf@érﬁlsa@a%m@nd may
al be referred to as an access point, a , Or sone ot her

tetxm nol ogy. A nobile station may al so be caIIed a nobile station, a

user equi pment (HE), a wirel fﬂﬁ;ﬂ § i term nal, .
access termnal or some ot he?B?:er% no ogﬁﬂ 38@2]1%‘? erring to Fig.

2, a spectr oial IRfatingto ngwensnfuwpmacrméstxiv@élessamﬁem&nmxaihbﬁIses&n according
conmuni cati gn emis l| ustra p 200
o Bl oot el BuaPeeaERh i M She hle Bl g b g el e Re s

OFDM synbol 1001045 and rI}OBI aels instedisy whelor peor adtenhad hin Figs Yirioely antenna is

peri ods and a . tone or enc I the S su

P0003] b arteH DR PR AR PR g DA e 106 Ao S P ae R e may be
may be assi gnh:dedtﬁ)r eaogl mmnnwghnﬂpehatcatremndd 1] mo’@rrbf)timtxﬁwnfloanMobﬂe
al l ocation sg¢ s. shown in one, or

nop 1 ogi on 36857 08 irmoamplivefin S ARisan | TE4S pURfk RERpEY S04 Crhomit
conmmuni cat i mfomweronao meobdle sentioh kS ot fomamlamﬂt Hépnd egioives infoshagivmeidm

of synbols ma zed to re rference .
o ovi de 1 reluges =P L08R TG bt B B BHLPRG Bion Hioief bEPESnR Ry
Each hop r egmemaZ(b%l wobnedesersynbed sraﬁ’@mst hefbrrxaanxena!esmgh:é@l statiot hid Oooxeer

or nore nobi.le stati t at _are comupi ca e _sector af

the base st AT gt Bt 108 e berieS eSRET Robbhom Hebih 4} 6vaohate fin
odi nent slig@ach hop region is assi gned to one or nore m)bl |l e

stations. j hho erio el nof

regi on 202 dﬁﬂ? Fhé n%ntFmag.rll%%’dg&gn § % nggr (rjtlh%rrseavlfilrvlt}lélgh they are

ac;:rgr Fi ngo'z d?sagﬂedt Etpl crmgnmeqd g&ﬁma&aofttm refeaed toons atsbe‘fﬁsﬁ mllr‘:]pnh&sntstacﬁon 2161 the

synbol s [ e in ual ns W n. ho n

my varyforBediens shfake gitos TR, L0 $hE"RE Rt s ieBig iRy SMANEAE o

pseudo- r andowbile statiouhoind aysecior, sactors 0N 22, and 124, erdmeemvdlmenﬁ tizegessoeered

ﬁel ect the {) gtls%w 10|bhe hop region 202 for each hop period. The

op sequence ferent sectors of the sanme base station are

designed to [ﬂﬂelbrA baxg statibn herydiee: farediskéion tisedafeotainthimicatingoeith the terminals

interference statlo C w th.th

base stati on gﬁgger?ﬁglﬁe&s q fidhdes” ?ﬁg ‘%?so Q& P%ﬁr%gﬁ sy A

pseudo-r andnnibvh: Bﬂahmesqag also o chlkel mmpblkemtmmg essdr@r;{uupmnb@m)as wirclcss

stations. This he omz -cell” int ng the
nobi | e st at |C%ns “rr@‘?Yh“i i glr?Fv?AC(feﬁg c?nfl*né‘l'%rsto a?éergm %ﬂé.r'm

[0022] Referrmg to Flg. 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



6 within the sector in order to subsequently apply multi-antenna
processing to the pilot synbols received fromdifferent nobile

stations. J@QdhlsBbpck hopping may be utilized for bot rbédﬁgﬁsezﬁtg%\e%cg

link and the reverse link, or just for the reverse link ndi ng on
the system It should be noted that while Fig. 2 depicts hop region
200 having a length of seven synbol periods, the I ength of hop region
200 can be any desired anmount, may vary in size between hop peri ods,

or between different hopping regions in a given hop period. [0028] It
shoul d be noted that while the enbodi mentS of Fig. 2 is described with
respect to utili.zing bl oc oppi ng,. the |l ocation of the block need

not be al ter°8HIPHé?Swg%% S@H‘lﬁgg@ﬁ’g?@é’fh el nsriods 2af|a tergy ey irequency
Ref erri ng t gubtagser ciAeaPshlzBrichd. ock di agrans of pil ot assi gnnent
schenes acc i to r enbodjments are illustrated. Hop regions
300 and 350 1WA hne £, SFERY o< RIS 5iReSimy OB 81 i Y mbeh 00 may be
to nFSd Hop lraeg'gxmd r:‘g (al(gi‘&dg%uﬂﬁgstaﬁidnﬁ tIn &y Bﬁxfbb@in&%ofadmchlliibeﬁidnﬁs@ié&ﬁc a8¢hown
i ncl udes pil.ot.s ol s .« Wth the remaining synbo eri ods an )
t one conbi né?%%ﬁ'ié’ RPT BB &P STEALY & s ’6’5’5"“%92’ %ﬁ’f@’i’o@)}ﬂﬁ@%@ ‘?f(rj’f“%mle
enbodi ment , spitions fog wolatuniadah o0 fehérsefink. Nfhif egihois, repiol, assigfndhbf
of Ns conti uogs tone% aover N ¢ons cuti%/e ngﬂ fei{nbol S shoul d. have
pi 1ot tones ¥ B3RP HE P8 Iaqosirsh o fesiice ptepiiel WERTFRGE Y BrAYIge jtiequency
general |y beltausty degipscddlctetannatiseffaatswi r el ess applications are
relatively functions .of ,t10e d frequ o that fiyst order
Cior ot mat i JhERR HRE HoRRn 200 T b G DA T S A Bn B bt tn e
across the mogbilcegatomsithatt argeinaoeinfnoeigudorc withr thei sewr i J1f e rdké QGfation and
regar di ng cggsqneeldtggnn itions that,.is slyff.icitsent tg estimte thed
channel for &g VeR HolPITESSPaft GheT FePUlRRts:icpch Sonjegion s agyigngd to one or
estimat e a paire nbile katiosd. Paii@netck hep period oo fiemey e ddqatiombfihop region 202

denodul ati on .ef ol s fromthe bil e stations, nanely the constant
-conponent 019"1 ﬁﬁ%ﬁ%gs 2??1 K2 Sr%ndggﬁ%?cafré?r?nv%?esa?ccf" ¥ T'§rtgé‘>3}983§’ig(§ﬁﬂuence°
and the | i ndarddibompdiresssignaehi ofSlymbpea04tier the Tradividual exqidleStations eithinep

channel acr Lne._ a frequenc pan of the channel. Cenerally
estimation géc@%ég@y&%)f V?Iﬁgg%%aﬁgg%?e%%‘fmonent i s i ndependent of pil ot

pl acerment . T0025¢SEhiemfibp oseqaegr acy @bfeudbeahdondgy rewivadpent acording to a

of the nop’ PEGEAREAGEHEREE Reltbic s Bise onbbE hep 35858 20 i i BeP Piriod
cont i guous [k dopssenaices Farsdiffesn8 Betior8 @F, th80&8ne dask ifor( kiegdesBird am the
324, 326, 3 3 Flg. 3B). In.an enhodi nent, each cluster, 304,

306, 308, a%%h%%l‘q'(é %}4 @%ﬁ*hear‘:‘fa aygit "1 By ce 2‘é‘,ter‘t§eﬁ‘?id°§§6‘“°("ﬁi ‘."r%‘%)‘le {aition
wi t hi n a hopomegnmalingraith shef saxecbaneisibibon. Rnthen hbp seduitaces domsanh trierstation
of- pilot symhols. 2007/ 051190PCT/ US20061060336 4 within a given . .
ko eqi on. I EEHRoF AR VAR TRl @ Bepreaunce oty o bR g Taie
3A) and 324ma326ieliB328ndamide 33Mt¢riiey” 3Byrfabnaoriniaugoube pirlobile sytatimlss in

may, in an gm% @%n‘;v%(a.fif%qbagc?t{nt the effect of a multi-user
{eég y IRt ereearrier i

i nterference caus -car iIAferference which results from
hi gh Doppl e{002a}/Inithesgasb of a detease gk @adsuniéationheme of thpisimbols Podef s hop

from nmobi | e_st 'q)znﬁ - l.ed. h reqgi.on, Are receiyve t
subst anti al F"'}gﬁf? er ee%%?%%\%(?gilgt&ﬁ é’ %?ssr{lﬁ %gtnag tsrarbs lgeds Cr’%lr{: %Poh%%gf@ons to
stati on maythertast statiorsi Tim dssiganenizofiilot syohibdlntoetht eymbale 204 shaunldvprkeibly
nobile statiqn. T of d.nterf reﬁﬁli hi,.gher. at, the.. e .
e.g. subcar %ﬁ%ro rtl ggﬁ%rggﬁ%é%rr%wg? fesjgccg?s e ﬁip“’rhgb"i of %al?ld) aqlgggﬁf h}oﬁge
edge g]:bDIVI sytﬁﬁmissqvelela}gaing prtibé spee hoplseglomngh Bs sepaeated ]Eiee toemk Riph: tegeive
caused by e r e ti.on of channel .

ener gy concé%%%gafs gdg a?%cﬁlﬁeogﬁ) gﬁ%gﬁa at e‘g‘:’:}gée({c]e%osu id(:l%fc;)lrr@[el i ng?atlflL%Ig’afﬁW
synbol s becorrespeiding fo diffatent Fobile ftatieys. i To mioteodcosmpidip bstrat end daadduthte

excl usi vel ysig'ﬁalg Q)? (ﬁﬂgx%ﬁt gfobﬂe *l?ﬂmkg,%% nre&p@%{i\?e TR erst%ehi%éa %ﬁe?‘n%%fsi &%ulcp be

accurately estimated. Therefore, it may be desired that pilot symbols on the reverse link

{2

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



WO 2007/ 051190PCT/ | TS2006/ 060336 8 [0034] Referring to Fig. 3B, in

t he case of channels with a pronounced tinme selectivity rather than
frequency I iVi.ky, pilot synmbols 322 are arranged

324, 326, é@%ﬁ&@hY9@30 of contiguous pilot synbols thaﬂqgg@#ﬁéﬁg 36
mul ti ple frequency tones but have a sane synbol period of hop region
320. OFDM synbol s at the edges of hop region 320, those that have a
maxi mumtone, e.g. tone S, or mnimmtone, e.g. tone 1, of the
frequency range that defines the S subcarriers, may be included as
part of the pilot synbols, since there m#y be pilot symbols 322 that
are at the edges of the hop region 320. However, in the enbodi nent
shown in Fi gvit th%mcpordﬁ@r@ﬁrltgtsuwmﬂy qrppbanwltcmtsm@rprnagssm to the pilot

assi gned to o Beo RN Rim Bty Mobisaueacy subcarrier. [0035] In
t he enmbodi nent depicted in Fig. 3B, a channel with higher tinme

sel ect i vi t y (8371 Halpek hornjpe ey bpailizadfor heth thaufpriverddistcanddbe teyerse diok, or
rotation of {1@Qomgr)wc@sccltﬁﬁé@dﬁcﬁ&lﬁ%ghqwgls&rﬂ“ itg&hghg,%rnoft&?ﬁ%ﬁﬂc Fig. 2

sel ectivity (Fi e note at one or nore

pi | ot syrrbold§Pi°% earcFreianu30Q having, & lagtemfowve symbel Fripds.3te lapgih (98 hop
assi gned 10 1ggigh P08r &AL bS !H?Qllem%r htﬁguﬁthﬁﬁ 0%‘?%9{1 SR Get{?v'elnptho? WEBBYS or
in a dlffere cluster. For exanple, cl ust er 4 may be at different
synbol per i dgtveeniiferenthopping somons ipg@rienieaiveriohal | y, as depicted in
the embodi mgp§ss) ok stcdu@Sbe Abre@Biht IBile Rid é?ﬁbo‘a%&ﬁ ro@@&ga@% Béélﬁbg&q'ﬁﬁ?espect
that the clusters 304, 06, 308, and 310 %

348, and 3360 (yhiligingablpck hoppigeefhsr Mspjons yfrr%t i%’kv@ilqeﬁ Wésfﬁ?‘e élteft?@) ‘befesen

center of th@nﬁgﬂm&egﬁqgnoab&ﬂﬁgnnetry of the clusters with respect
to the center of th op regi on may géOVIde i mproved sinultaneous

estimation dPOPMRpaREete Wet-ndreaiget®. black idipgrampy of pilgtiasfégament schemes

responses Ofacédigingha Qé\ﬁékal eB@Q&ﬁlentst ar® NAKsefe FRPLEg A0 Wl 329 a'%é 8éfined
3A and 33 depict four clusters of pilot symbols per ho re i on,

fewer or gr &XtesyrabRIpRToSY bseﬁ&%erréerﬁaww ukpp regaen 3 ShBit “symbols
region. Fur Bbghnd h&erdgibneio iféuddsl flﬁ'lbt SR 2D QKithRhé F&naﬁ%ﬁg%m%lyﬁé&fds

may al so vary. The total nunber o ilot sy nbol's and | ot "synb

clusters arén%'PBﬁCWF@ﬁnﬁﬁﬂ%h@“ﬂdﬂﬁeﬁ“oﬂ”ﬁlﬂé@m%ynﬁﬁl§ﬂﬁédﬁﬁ#@& bym-dn
the base st ahibaRiniddt, PIGE S d1l1batiERITRA heH RoplRbRnSWIED 8 loSouSsFaV V@R i kbus

the reverse link and to estimate the channel bétween the base station
and the nobit?1es &Vek Vprenspgutiye QI symbelseshonldehpvisailohippes tasated glpge to the

nunber of pichgds &y Ak hﬁ? & NUTART isOferddRlllyl Becilisd kypisal tdhdhnd@in Rireless
e

mul ti pl exed over a sin op region can, in an enbodi ment, be equal

to the numb@PPERtipny ke @&?ﬁ*ﬁ%ﬂysﬂw fiingtions 08 §iesnand Heaumey o Fheti f g order
Wm le Figs. aﬁﬁmﬁiﬁ‘iht%ﬁ oJteRy eaniél] @g SHPOHdeE Iru,abﬁénaoaaﬁah CHARSs qaetﬁ@rregmn

ﬁr channel s aV|ng frequency sel ect|V|ty or timne sel ect|V|tX
phl ot patteith By Fd Teyese0 Progdesossermaies ot 1sms shawek von 11“1%%% that is

there are clkulcemstd Stinfatethd @RS BIr@CilMEmMEPid§t8lich. a&s ¥WRdhl 1t<'-'l§preferred to
clusters for tinme selective channels in the sane pil ot attern

sone cl ust eFEERP SRFEEOT Fhepned NITAMREST ot Propersicesint emdcngtsi@iaﬂse ®f szsmbols

310 and sorr&*mei &ﬁ:hﬁﬁl&ileﬁitét@di@eﬁhmély tiecidtahEdinfinesl E1HRIchadwd, a 246 order
328, or 330, g % In some enbodi nts the pilot pattern chosen to
be utilized %y 340y HERBITIPh &8 oBai oah SOTBPnsRhi & Hith ardeR 4ffe Taylor
bei ng opti ”bil%ilsmﬁoéf 6% BRG] acké¥s 1 HAAD 8h frbfdinciBpantF e HiadhelS mslrauy

novement , % vehi cul ar, of nobile stations a tinme-selective p
pattern nmay SHEFOFASFTAEY © w@a%tafftcfpn@%wtgwéapw%%mﬂowlaﬁ%w The

station, e.gstiBRiRSIctiR@bsof &eﬁﬁx@ﬂ*&ﬂ{ﬁbn&&h@ reyypreREabbRL e RA RRth Akt
utilized. In other enbogﬁ t he pil ot pagternyg;n bem%hosen baség

upon channepn@éﬁﬁﬁﬁﬁéﬁgwEﬁgﬁeﬁe#%ﬁﬁ%@g@ﬁ made after a pre-determ ned
nunber of heg3perHied §ym1£cﬁ@§@-j arﬁejﬁrarré Qﬂaﬂg@d s &ﬁmga&siglot @ﬁﬁb&l‘c@ﬁﬁ&s 304,

pilot patterns are de ed. % bl ock i s icted as
306, 308, dnd 10 (Flg 3A) dnd 324, 326 328 and 330 (Fig. 3 ) 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




100431 In Fig. 3E, pilot clusters for nulti-input nulti-output (M M)
mobile stations that are transmtting nmultiple layers is depicted.

Each transgito@itsgpa. here being four, includes pil ot

cluster. Therefore, if less than all antennas are bei ng ﬁmﬁhzeg&g

| ess pilots can be included in each cluster. [0044] Referring to

Figs. 4A and 4B, pilot allocation schenes according to further

enbodi nents are illustrated. In Fig. 4A, hop regions 400 incl udes
pilot synmbols C,e, 10 C2,q93. and C5, T, arranged in cluster 402

C4,v C5,q, and Co,q, arranged in cluster7404; C7,69 C8,q, and C9,s,
arranged in cluster 406; and Cza,q, Cl11,9., and Cl12, arran ed in

cl ust er 408within cogivenhaiegimt , THemtdizeléom Qﬁﬁhilﬁﬁ?i? 80% @gai‘@%lfm ﬁ\}%@gt%)
in hop regigns yhe ipl b b YAALPERY! St OUREL AL RAAY

pi | ot syrrbo?qs 3?%&%? In%jifé sy ?9 dgltlgedﬁ%)?er ent %bl Ilgi%st ati ons shoullndim
be mul ti pl estebbdimenueke altmycqsmé thet ¢fect afrp r@#wsgrymferwmcaaseédw inter-
tone so tha SORSEBR SN MbEosRE d@iﬁé/" reads.
recei ved atéat"he én%rge%naos% %ﬁhs&g& uster 1% t(?#eIJ base stadtion. 4%

In Fig. 4A Fegeh dipilheypibblst fremmobile gemspobsduledonp sage élor:aeglon are
C74, C8,q, £eile t%ugsta ﬁé]‘gntcgo%vefl 1RER, ﬁé&l&gé‘@%ﬁs&&lg@hbbi@é fation may
nobil e stations o op reglon 400,” that is each synb peri od

i ncl udes nu¢rpatp|aes13311ﬁwt syebe| of intrigienes mﬁﬂ@ak@fmawef gty hismeunt of
station st aﬁ'té?%?encg%ﬁ%ﬁ& éthﬁ'e Qdéegte £ VB Ser Naf RivcHricd BTEOIhe hop region

cluster, e.g. cluster 6, and 408, are qenerat ed and
t Ransmi ttedaﬂdwalsﬂj%qfhaed@yofﬁa’@ S‘&“‘P@éeﬁ msymge! pemodpl| gl sghep dheslepkpee is

the cluster g, dby BARSs 841d) bﬁ@ad , G 3NWhEL file (Rl dHEHR cﬁﬁnﬁéﬁ%ﬁe@%ﬁn%ﬁa‘:sdm
or t hogonal Wth re respect to the pilot symbol s from each %t her no 'jﬁecant

station in thﬁeta@anf@a’tleﬁ@‘teér °Y°h‘f| §r®%n° ethe o REDH syppols pgeogmes signi

predet er m negd. pRAS §r plibd SymiR1PareAosha Slcldsingf h@ﬂlet&lg%lbf Ia.lhby re@@ﬁ |ﬁlere
of the sanpies constituti'ng the pilot synbols transmtted

t he nobil e Bt boriiserafiation g0 ehengpk ﬁﬁ@%@l“l £GLUTd e AR rfo DIy (’J‘&Id&’f%fe’éff‘ce

vectors r eDEé?ﬁI?d@ﬁ)h ngleh@&? 2§ AEN61RE & Plos )€ aSE B Phlof %&%dl@&i’% pla@e&@l@hb to the
cluster for each nobile station may be zero. [Q04 i\ urt her,

embodi ment sedges of thedopresipdiomyeaer: erading tht sivppp Pdersalldhe pi It syaoefs ace

are orthogogptheg&%egggtmlﬂogtr%gqyﬁbol s of each other cluster of the hop
region. This can rovid in the sanme manner as ortha onal {ﬂ(@}%/éﬂf In

provi ded f of008kk Rgfqr@gg & Figo P4 Wi homi 12eR AR0 &3 cRBsot ARt

mobi | e stat yan casléyof'tdhla.h.t@wgmﬁl & frkGHofRleds BQYRnCs me&&a&afatﬁeu NGk Otk
for the pilot synbols of each rmblle station in each cluster of |Iot

synbol s.  Masdesyiity.cailot gembelyi3Ra@ro oosrd 3t contighaus P sepRoheluser 6y3°6

Se' ecting as;gequenseweh eRbAst SHtbl Bhasr Joar 3@@@@80&1&31@ s@hﬂlﬁﬁgamulhplc
nbols for a particular cluster for the p rticul ar nobil

t e vector &mbgipsHodssangrenedsiancy tang. T]E‘Eh SqUTREY tOﬁ‘FdﬂBJiﬁfe"P Yf ?SSn to be

Wi th respectiotOicAny @@ée@,rof "cl%pﬂ'r&ﬁl@ﬂé}} Rdgd HEhE a6 edpEch 940, B6RERT, not exactly at
mul tiples used for il ot synbals of the otfh%{e b| | e, st a?'t?éons in
all the cl uﬂtee‘?dsgeaﬂé} t@lﬁeengé’ﬁiﬁn‘?%bﬁfllség s34t 7BK 9intbe palop spapols | 39218 4 given

[0047] In apgebadi e edoBarddubis tofds 41alh echsélaiteonty pilaf syl by be at
supported, where orthogonality of the pilot synmbols across each of
t he cl ustergnF@WB\PPHWOdrs equal to the nunber of pilot synbols

that are pr ?(W:@E‘bnep?a”noﬁélbOﬁehmo‘i‘h&ﬂzb!tﬂﬁle  shapd Jof] @@%ﬁﬂmgﬁoﬁsh@bt symbol
enbodi ment s of

and 4B, .the - th user. of ver | appi.n
users, 1 Sqelejersafgdlof W@@ﬁﬁ% tsgtha g?fr chpgnels with highsr geﬂencfgel?ﬁ%’@’m the
total nunmbe@frdd (¥eab)AREHohiM rrlydso stébho@f titBEreddbncy-dabhain Sehn=ih Sheinle

here (F) denotes transpose of the matrix containing the sequences. As
di scussed alemain. t he sequences of scal ar functions, in each cluster

of pilot sypnake 1t Shalh hebrotdd fthar md of %org'ﬂﬂ(o@rs?ﬂﬂao@m bﬁ;hsélaétb@ﬁﬁ the

in order to obtain consistent estinmates of the respective channe
embodiment of Fig. 3A, may be at a different tone than one or more pilot sym Olb ina
different cluster. For example, cluster 304 may be at tone S and cluster 306 may be at

tone S-1.



...SQ is of full colum rank. It should be noted in the
-expression (2) above matrixQ Arp. That is, the nunber of overl apping

nobi | e st afipF eyl d not exceed the number of total
in the hop region. [0049] Based upon the above, any se&éﬁﬁsszg%%ﬁ%gs

Qwith a full-rank S enabl es consi stent channel estinmation. However,
in other enbodi ment, the actual estimation accuracy may depend on the
correlation properties of S. In an enbodi nent, as can be determ ned
utilizing equation C), performance may be inproved when any two
sequences are nutually (quasi-) orthogon&l in the presence of the
channel Mat hematically, this condition nay be defined by N EO for

all | p,q ki903dh&cértRre taFig. 3BniIthx C%ﬂqaaﬁﬁb@l@bwwﬂb@a?ms’mt%c gedeotimiby

k-th pilot gy ¢t ULHCH e a4 AEddORL c1EHEE R0k,
= H2 Hkrp) co ?%?noir?lre{ﬁl%m} Qelg%e‘}étg‘iagﬁ&cg rbgg;w reér?gr?t 0 rrutcual |y 836,

or t hogonal %%321 wad 389:of cpptigneus Pépheyrelnls theb bt Spam TRbHPLE ATPdpensy| tanes but
channel r eahév%aé M §5:2881% 68! FHo ESI%Eloﬁf?’Z@)ha@Pﬁi\/P sPRY¥olR @t the cdges of hop

i npractical . act,” expression be satisfied when a channel
exhibits | |?ﬂgt®oﬁ2£q thosq Hpt P?‘@q%@ﬁ@?l‘%%’@t‘?% toge Sypfi BTy RS, @ 1§l

pedestrian ghapnelgiets fande g@c{tﬁfeﬁﬁé‘é %e%ﬂcaﬁﬁk@h@pﬁéﬁ@hﬁéﬁﬁ‘é%{aﬁ dthe

condi tions nmay be substan i ly different on vehicular channel s

and/ or chanAdtsssfbols. 4ingp ghare e BRkrtayymdpsetR?, thehsieatythe edenstafithe hap
per f or mance, Legr aat 1HBGevdrORORE Abolinkmt SEReh W Ff}. BBSBRG onkGilst §fnboln

;Z?rbBB pi l ot allocation patterns consjst of a.few clusters. of .pi | ot
ol s pl ag¥d stEE P LRYHe b SR HBIH O RGBT AR eI

cluster is gpab] G WSehBoding®: ddpided 3/ ¥igaBH/ @rchzit{t@ﬂ%@t'ﬂ%%ﬁdfitﬁne Sctivity
Since channel variations inside every cluster are generally limted,

due to cont PEHEEES AAmiFa PETerp Rat pravdie aiBet & #A0% Fofeionef the BgfifeR cipsen

and conti nurdrxeha{newmﬁh@ﬁae&equen&ymcaﬁ@y?frgcw;ncy Hence maki ng
di fferent sequences orthogonal over each ster allows condition 33316

to be met. K36} &hehoyld dnﬁawﬁa%& & O P 1B (Eop [§yLolshly e3qke ISRt &

of overl appkmBodiRihi & ﬁ%am QRSy bdadsighad tde dﬂ‘f&é?ﬁ@?rlﬂﬁdﬂ Yol tRMEdé or more
cluster is limted to the size of the cluster note her e TT

the exanpl ePStfosimbals B gsditfgnh qipsien, 1 @@mplﬁuf 24 B P §lf%er‘3nt

nobi | e st at gﬁ&l@@ﬂo@gtﬁmﬁ@g@i@rt hogonal ly in such an errbodl ment .
In fact, a falrly smal | _nunb is sufficient_in many BBractlcal

scenario. VHER7IQAdd@ onally, Wpﬁ?ddl‘fﬂl'q earedimgntr QEB1Es) $4 BB PPePilot patterns
stations orfRqgenakd QY 8at the clusters, 304, 306, 308, and 310 (Fig. 3A) and 324, 326, 328,

and 330 (Fig. 3B), are preferably symmetric with respect to the center of the hop region.
The symmetry of the clusters with respect to the center of the hop region may provide
( improved simultaneous estimation of the channel with respect to time and frequency
responses of the channel.
[0038] It should be noted that while Figs. 3A and 3B depict four clusters of pilot
symbols per hop region, a fewer or greater amount of clusters may be utilized in each
hop region. Further, the number of pilot symbols per pilot symbol cluster may also
vary. The total number of pilot symbols and pilot symbol clusters are a function of the
number of pilot symbols required by the base station to successfully demodulate data
symbols received on the reverse link and to estimate the channel between the base
station and the mobile station. Also, each cluster need not have the same number of
pilot symbols. The number of mobile stations that can be multiplexed over a single hop
region can, in an embodiment, be equal to the number of pilot symbols in a hop region.
[0039] In addition, while Figs. 3A and 3B depict pilot symbol clustets designed either

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



every cl ust
Hence, appr

er, since there may be sone inter-synbol interference.
oxi mate orthogonality may be sufficient, with sone

per f or rrancg,()lzgﬁ@ggl:‘%ti me and/or frequency varying Channl%{’ﬁgéz%%?%oj&c
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[0051] In an e

of scalar f

_ ment, a set of design paraneters fo sequences
unctions S =[S ... ;] may be defined by: Any two

sequences are orthogonal over the entire set of pilot synbols,

t her eby sat
2007/ 051190
sequences h
appr oxi mat e
clusters of
an enbodi ne
exponenti al
provi ded by

isfying s;,"0 for all 1 p,g Q(5) k-1 WO

PCT/ US20061060336 13 *All the elenents Siete of all the

ave substantially equal absol@te val ues, e.g.

|y the sane power. where M denotes the total nunber of
swwhzkatNoerg asoclustars foh&equentieselestivpichamsts agvweellapscelpdiers £r time
Qe;lecti ?‘Eha%%gféqm ess[aﬁlseﬁoﬁ ga%tteﬁl, eaé otk %fhrs%gs é:l‘?aln@gd in the Ipa’ctern of

unctions so tha he Sane energy per synbo
clestets 30dq3@m 368, or 310 and some clusters arranged in the pattern of clusters 324,
326, 328, or 330,.

[0040] 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,
the pilot pattern can be chosen based upon channel conditions, a determination made
after a pre-determined number of hop periods.

[0041] Referring to Figs. 3C-3E, additional pilot pattems are depicted. In Fig. 3C, a
block is depicted as having a pilot pattern similar to that of 3B, except that there are a
greater number of clusters, e.g. 9, and the size of block has changed. The additional
pilots may be utilized to improve channel estimation properties. It should be noted that
number of clusters and pilots per cluster may vary depending on. a measured velocity of
a user, e.g. a user of greater velocity may have more clusters, an/or pilots per cluster,
than a user with a lesser velocity.

[0042] In Fig. 3D, a pilot pattern with additional pilots for frequency selective
conditions is included. This may be useful for users with highly frequency selective
channels, which may, in certain aspects, be detected based upon delay spread estimates
of the users. Also, channel statistics over time for the sector or cell or user session
information to calculatc a ccll, scctor, or a uscr specific threshold to switch to these
patterns with additional pilots. The additional pilots may be quite useful due to
frequency variations and multi-path that will vary due to the different channel
conditions at different frequencies, e.g. for mobile users or others having a greater
frequency selectivity.

[0043] In Fig. 3E, pilot clusters for multi-input multi-output (MIMO) mobile stations
that are transmitting multiple layers is depicted. Each transmit antenna, here being four,
includes pilot symbols in the cluster. Therefore, if less than all antennas are being
utilized then less pilots can be included in each cluster.

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



Furt her,

in this enbodinent, the groups of N, sequences may be nade

'mut ual Iy orthogonal within each cluster, regardl ess of cluster size

since expogethe Rifenot limted to particular nultiplespcﬁﬁ%?w%%ﬂﬁghe

sequences used in every other cluster across all of the p

synbol s,

by (i) defining exponential sequences within each cluster;

and (ii) populating the intra-cluster portions across clusters. This
can be seen equation (7) where a NXN Discrete Fourier Transform (DFT)
basi s i s defined. 111 (2Y-02 1t2% eAr

0

C3,4, and Cs,g, arranged in cluster 4025 Cyy, Cs,g and Cey, arranged in cluster 404; Cyg,
Csq, and Cy,, arranged in cluster 406; and Cjg,g, Ciz,4, and Ciz,4 arranged in cluster 408.
In an embodiment, in order to improve spatial diversity in hop regions where multiple
mobile stations provide overlapping pilot symbols, the pilot symbols of diffcrent mobile
stations should be multiplexed in such a way over the same OFDM symbol period and
tone so that the pilot symbols are substantially orthogonal when received at the antennas
of the cluster of the base station.

[0045] In Fig. 4A, each of the pilot symbols Cr4 Coyg Csg Cug Csg Cog Crg Cspg
Coyy Cro4p Ciz,4, and Cyz, are assigned to multiple mobile stations of hop region 400,
that is each symbol period includes multiple pilot symbols, from a number of different
mobile station stations. Each of the pilot symbols in a pilot symbol cluster, e.g. cluster
402, 404, 406, and 408, are generated and transmitted in such a way that a receiver of
the pilots symbols in the cluster, e.g. base station, can receive them so that they are
orthogonal with respect to the pilot symbols from each other mobile station in the same
cluster. This can be done by applying a predetermined phase shift, e.g. a scalar function
to multiply, each of the samples constituting the pilot symbols transmitted by each of
the mobile stations. To provide orthogonality, the inner products of vectors
representing the sequence of the scalar functions in each cluster for each mobile station
may be zero.

[0046] 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 cach cluster from a diffcrent mobile station, by utilizing a different scquence 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
scquence of scalar multiples for cach of the pilot symbols for a particular cluster for the
particular mobile station the vector of which is orthogonal, e.g. the inner product is
zero, with respect to a vector representing the sequence of scalar multiples used for the
pilot symbols of the other mobile stations in all the clusters and the same mobile station
in the other clusters.

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

number of pilot symbols that are provided per pilot symbol cluster.
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[0048] In thc cmbodiments of Figs. 4A and 4B, the ¢ —th uscr of Q overlapping uscrs,

1=2g < Q, uses the sequence § of size N, where IV, is the total number of pilot tones

(In Figs. 4A and 4B, N, =12):

S, =[S,...8, ], 15¢=0, (1)

here (*) denotes transpose of the matrix containing the sequences. As discussed above,
the sequences of scalar functions, in each cluster of pilot symbols, should be different
for different mobile stations in order to obtain consistent estimates of the respective
( channels through the reduction of interference between pilot symbols. Moreover, the
sequences should be linearly independent, as such it is preferred that no sequence or
vector be a linear combination of the remaining sequences. Mathematically, this may

defined in that the N, xQ matrix

S=[S,...8,] (2)
is of full column rank. It should be noted in the expression (2) above matrixQ < N,.

That is, the number of overlapping mobile stations should not exceed the number of

total pilot symbols in the hop region.

[0049] Based upon the above, any set of sequences Q with a fullrank S enables

consistent channel estimation. However, in other embodiment, the actual estimation
( accuracy may depend on the correlation properties of 8. 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

Ny '
> H,S; 8, ~0 forall 12p,g50Q, (3)

k=1

where H, is a complex channel gain corresponding to the %-th pilot symbol,
1sk<N,. In atime and frequency invariant channcl H, = H, =...=H),, ) condition
(3) reduces to the requirement of mutually orthogonal sequences:

N,
is;,p S,,~0 forall 1<p,g<Q, 4)
k=l



_eeNe [ 0053] The above expression (7) nmay be witten in a
conpact block formas follows: where 0,1:2 denotes matri x bl ock

spanned bywgOhiRsied through Q of the original PCT/US2006/060336
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enforcing this condition for any possible channel realization from d typical set of
channels may be impractical. In fact, expression (3) may be satisfied when a channel
exhibits limited time and frequency selectivity, which is the case of pedestrian channels
with a relatively small delay spread. However, the conditions may be substantially
different on vehicular channels and/or channels with a significant delay spread, thereby
resulting in performance degradation. '
[0050] As discussed with respect to Figs. 3A and 3B, pilot allocation patterns consist of
a few clusters of pilot symbols placed close to the edges of the hop region, where each
( ' cluster is contiguous in time (Fig. 3A) and/or frequency (Fig. 3B). Since channel
variations inside every cluster are generally limited, due to contiguous nature of the
pilot symbols in time and frequency and continuity of the channel in time and
frequency. Hence making different sequences orthogonal over each cluster allows
condition (3) to be met. A potential drawback of this 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. When(Q > 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

VA

varying channels if Q> N,.
[0051] 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
Ny
>.S.,8,,=0 forall 1<p,g<Q, (3)
k-1

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

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

NC
ZS:WCJ,@WM =, nNc+lép,q_<.min{(n+l)NC,Q} , OSn<N2, 0<I<M,. (6)
k=1 C



: matrix. A nore general formof S may be given by SSQ= (V0 U),0
‘where Uis an arbitrary Mc x Ne unitary matrix (UV = IN) and V is an
arbitrary itary matrix (tit =). [0054] In an j he
nunber of ﬁ%ﬁ%?@gé#gtions that may be supported, where %?Pﬁ%%@ﬁ%ﬁ?%y
of the pilot synbols across each of the clusters is provided, is
equal to the nunber of pilot synbols that are provided per pil ot
synbol cluster. [0055] In an enbodi nent, the exponential functions
utilized to multiply the sanples of the pilot synbols are generated
utilizing a discrete Fourier transfddm function, which is well known.
I n enbodi nents where the discrete Fourier transf rn1é§§%tion | S used
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matrix. A more general form of S may be given by

S=[8,....5,|=(veu), 9

where Uis an arbitrary N, x N, unitary matrix (UU=1I v, ) and Vis an arbitrary
M x M unitary matrix (U'U =1I,, ).

[0054] In an embodiment the number of mobile stations that may be supported, where
orthogonality of the pilot symbols across each of the clusters is provided, is equal to the
number of pilot symbols that are provided per pilot symbol cluster.

[0055] In an embodiment, the exponential functions utilized to multiply the samples of

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

well known. In embodiments where the discrete Fourler transform function is used to
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channel estjimation, and other functionally, at the WO
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sectors. 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

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



[ 0065] However, if the cluster size Ne is | ess than the nunber of
over | apping nobile stations in each sector Q tines the nunber of

sectors i nwhhgmBidey this may be inportant if a goal ofpéﬁﬁ§ﬁ&%g&§%gn

is to keep Ne to maintain a limted pilot overhead, user speci
scranbling codes may not be effective to reduce |nter-cel

interference. In such cases, a sector specific scranbling sequence

may be utilized along with the user specific scranbling sequence.

[ 0066] A sector specific scranbling sequence is a sequence X, =NpT of
W conplex functions that nultiply the rispective el ements of the
sequences S=[S, ...SO for all nobile stations in a sane sector.
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of -Xs be such that any pair of pilot s ot s
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condition (). Cne way tg approach 1o the, ghoice of if th
provide owever, if the same or

substantially the same sequences are used for the scalar multiples of the pilot symbols in
different sectors with the present pilot design, pilot symbols transmitted by mobile
station 510 may collide with pilot symbols transmitted by mobile station 508 which is
scheduled in sector 514 on the same hop region as mobile station 510 is scheduled in
sector 516. Further, in some cases depending on the power control strategy utilized by
the basc station to control the mobile stations, the powcer level of symbols from mobile
station 508 may substantially exceed the signal level of mobile station 510 at antenna
group 502 of the sector 514, especially when mobile station 508 is close to the base
station 500.

(' [0062] In order to combat the intra-sector interference that may arise, scrambling codes

\ may be used for the mobile stations. The scrambling code may unique to individual
mobile stations or may be the same for each of the mobile stations communicating with
an individual sector. In an embodiment, these specific scrambling codes allow antenna
group 502 to see a composite channel of mobile stations 508 and 510.
[0063] In the case where a single mobile station is assigned to an entire hop region,
user specific scrambling sequences may be provided so that every mobile station in a
given sector makes use of the same pilot sequence; the construction of these sequences
is described with respect to Figs. 4A and 4B. In the example of Fig. 5, mobile stations
508, 510, and 512 may have different user specific scrambling sequences and therefore
sufficient channel estimation may be achieved.
[0064] Where multiple mobile stations are, or may be, assigned to a same hop region,

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



contents of each sector specific sequence X1,..., Xs consists of an
-exhaustive search of sequences such as the el enents of every sequence
are taken const ant nodul us (PSK) constell ati
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case" channel estimation error variance corresponding to the "worst”
conbi nati on of nobile stations fromdifferent sectors and different
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based upon the potential channel environnent. Channel estinmation
error may be conputed analytically basedl®n statistical properties of
the channel. Specifically, a trace of the covariance matrix of a
channel est ispedifc sqigmbling speacrdea meg|beatiliped Hithoeluger tiee Meisteaender awequal
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cases, a sector specific scrambling sequence may be utilized along with the user specific

scrambling sequence.

[0066] A sector specific scrambling sequence is a sequence X, = [XLS,...,XNNS ]T of
N,complex functions that multiply the respective elements of the
sequences S =[S, ... S, ], for all mobile stations in a same sector. In a cell consisting of
S sectors, a set of § sector specific scrambling sequences X, ,..., X may be utilized
to multiply the sequences S =[S, ...S,] of the mobile stations. In such a case, mobile

stations within different scctors, for cxample scctor 514 and 516 that may have mobilc

stations that utilize the same user specific scrambling sequences =[S, ...S,] may
differ due to different sector specific scrambling sequences X and X utilized to

multiply the user specific scrambling sequence.

[0067] Similarly to user-specific scrambling, it is preferred that all of the entries of
X ,..., X, have approximately equal absolute values to maintain approximately equal
power between the pilot symbols. In other embodiments, it is preferred that entries of
X,....X; be such that any pair of pilot symbols in a pilot symbol cluster,
corresponding to any two combinations of user specific and sector specific scrambling
sequences satisfies, should satisfy condition (3). One way to approach to the choice of
contents of cach scetor specific scquence X ,..., X consists of an cxhaustive scarch of
sequences such as the elements of every sequence are taken from some constant
modulus (PSK) constellation such as QPSK, 8-PSK. The selection criterion may be

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

“worst”” combination of mobile stations from different sectors and different user specific
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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
which defines frequency selectivity. The analytical expressions for the minimum
achievable channel estimation error subject to a given correlation structure of the true
channel are known in the art. Other similar criteria may be used to optimize the choice

of X,,..., X as well.

[0068] In an embodiment where Quadrature Amplitude Modulation is utilized as the
modulation scheme, a set of sector specific scrambling sequences X,,..., X, that may
be utilized is shown in Table 1 below. Each entry of the table specifies I and Q
components of cvery X, ., I <s<Sand 1Lk <N, with §=3 and N, =12.

Table 1.

k 1 2 3 4 5 6 7 8 9 10 11 12
y=1 {#+1,+0) {+1,+0} {+1,+0} {+1,+0} {+1,+0} {+1,+0} {+1,+0} {+1,+0} {+1,30} {+L.+0} {+1,40} | {+L+
s=2 | {+130) | {100} | {-rs0} | {ara0} | {ro,-} | (110} | fea0) | (st} | {ro) | {roe} | {ro,4} | {eos

s=3 | (s} | {0} | {0y | rneo) L fro} | fao) | (oo} | o) | {10} | -} | (00}

{-1,+

[0069] In an embodiment where Quadrature Amplitude Modulation is utilized as the

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

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

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

according to another embodiment is illustrated. In the event when the same sets of user
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specific and sector specific scrambling sequences are utilized in muitiple 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
scrambling schema may be defined by ¥, = [Yl,c,...,YNP,S :|T which is a vector of scalar
( functions that multiply the respective sequence of pilot symbols for every mobile station
in the cell. The overall sequences of pilot symbols Z _ , =':Zl,(q,s,c)""’ZN,,,( %c)]T

which corresponds to a mobile station with ¢ -th user specific scrambling in the s-th
sector of the ¢ -th cell may defined as follows. If sector specific scrambling is utilized:

z =S, X,, 'Y, 1<k<N, 1<s<S, c=12,... (10)

k,(g,s,¢)

If sector specific scrambling is not utilized:

z =S,,'Y,,, 1<ks<N, 1<ssS, c¢=12,... (11)

ky(g,5,¢)
[0072] As already mentioned, the use of sector specific scrambling is recommended
when Q >1 and is not recommended when g =1.

[0073] Unlike user specific and sector specific scrambling, no particular optimization

/

of cell specific scrambling sequences need be utilized. The two design parameters that

may be utilized are that;

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

#* Cell specific scrambling sequences differ substantially for different
cells.

[0074] In thc abscnce of pre-detecrmincd assignment of cell spccific scrambling
sequences over a network of base stations, a (pseudo)-random cell specific scrambling
sequences from some constant modulus (PSK) constellation such as QPSK, 8-PSK may
be utilized in forming the 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
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some embodiments, the periodic change may be everyr frame, superframe, or multiple
frames or superframes.
[0075] FIG. 7 is a block diagram of an embodiment of a transmitter system 710 and a
recciver 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.
[0076] The coded data for each data stream may be multiplexed with pilot data using
OFDM techniques. The pilot data is typically a known data pattern that is processed in
a known manner and may be used at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data stream is then modulated
(i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M-
PSK, or M-QAM) selected for that data stream to provide modulation symbols. The
data rate, coding, and modulation for each data stream may be determined by
instructions performed on provided by controller 130.
[0077] The modulation symbols for all data streams are then provided to a TX
processor 720, which may further process the modulation symbols (e.g., for OFDM).
TX processor 720 then provides Ny modulation symbol sireams to Ny transmitters
( (TMTR) 722a through 722t. Each transmitter 722 receives and processes a respective
symbol stream to provide one or more analog signals, and further conditions (e.g.,
amplifics, filtcrs, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. Nr modulated signals from
transmitters 722a through 722t are then transmitted from Np antennas 124a through
124¢t, respectively.
[0078] 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.
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[ 0070]

I n sone enbodi nents, each cell in a conmunication network may

utilize the sanme sequences for sector specific scranbling sequences.

[ 0071]

Referring to Fig. 6, a nmultiple access wirel ess conmuni cation

system 600 according to another enmbodinmgast is illustrated. In. the
event when the sane sets of user WO 2007/ 051190PCT/ US2006/ 060336

[0079] An RX data processor 760 then receives and processcs the Nr received symbol
streams from Ny receivers 754 based on a particular receiver processing technique to
provide Ny “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.

[0080] 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
with the traffic data. RX processor 760 may identify the pilot symbols according to
pilot patterns stored in memory, ¢.g. memory 772 that identify the frequency subcarrier
and symbol period assigned to each pilot symbol. In addition, the user specific, sector
specific, and cell specific scrambling sequences may be stored in memory so that they
may be utilized by RX processor 760 to multiple the received symbols so that the proper
decoding can occur.

[0081] The channel response estimate generated by RX processor 760 may be used to
perform space, space/time processing at the receiver, adjust power levels, change
modulation rates or schemes, or other actions. RX processor 760 may further estimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a controller 770.
RX data proccssor 760 or controller 770 may further derive an cstimatc of the
“operating” SNR for the system. Controller 770 then provides channel state
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor
778, which also receives traffic data for a number of data streams from a data source
776, modulated by a modulator 780, conditioned by transmitters 754a through 754r, and
transmitted back to transmitter system 710.

[0082] At transmitter system 710, the modulated signals from receiver system 7350 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



18 specific and sector specific scranbling sequences are utilized in
hultiple cells, e.g. cells 602, 604, and 606, interference com ng
fromthe agjoaeenisieel |s may |ead to channel estinmation SEEHEREY060336
degradation due to pilot synbol collision. For exanple, a channel
estimate within the sector of interest may be biased by the channel
of a nobile station fromthe adjacent cell which nobile station has
the sane user specific and sector specific scranbling. To avoid such
a bias, a cell specific scranbling may be utilized, in addition to
the user specific scrambling and sector 3pecific scranbllng A cel

specific scrambling schema may b fined b 4
is a vector T8FEEAVEP™y (% 18 e‘fﬁgf 8 fheT Pﬁlvflgetdh W@?Bg‘?:tt?"\]pea“ée‘hﬁﬁ@ A &L
of pilot syrdeemideothe @€l ¥atd¥Dddidl @)dsﬁgaﬁndomodmaﬁd&e séiRlrdes td Ibe BYE & the data

Station w b et e B reiaf varbud i R ROt Rebce ol g TR G gpeessor

the ¢ -th camb may deflned as follows. |If sector specific scrambling
is utilized: slsc=1,2, . ... | f sector . specifi. .
sor b i ng. 10080 CRRTAITeas0 30§ 77y dirL & GpepRion, St ESisrfog apd receiver
c=1, 2, ( ZIsﬂz}tel[n@Or?:Bﬂecﬁﬁelﬁl I‘M&dynémi aﬁﬂeIV,Z proeidesergfe € kdptam codes and

SPec! e ST et TR I it e o LECOTLRR e

no parti cuI ilod }phﬂtd’i‘hi&i tedins of chstdr lsqaeamf uSerSepeaitfib | scragnthiag seqeases) e tbr

berutilized. Th ar ane t.hat are t
Al the of ergre orptins SaRRPAL oL Eh R B saEn Rt somB g Eaenets: i
nodul us. Celdtilizgpeciid seéms eﬁﬁnﬂ)ﬂmangs, sedpitde pist pbtfeh&r ars sheédit eahl ngerhay so
different c 0074 term ssignnent ..
of cel I spedhitite bgrRbitle Ry BenTEn ERERs Ses et M SR Dot JEgh Ry Blective
stations, a pijpseate)s aaindosseettivegfilecpdtietnss cAlantﬂomt@nﬁmquﬂntm&tei’msdrmng
somne consta nmodul us S tio S
e sed i n ST RGHBALOT ecRiRte ofiinal B ABuS Wecdp i TR maf be
enhance randmmmahtTmﬂab&wcehhngmMBnbnnmsnnamp@nﬁgpaﬂﬂnhmmddp@adpmamcwr
st eady conbi nations of scranbl uences,. cel r anbl i ng
may be changse pérnl 8 3‘1”7[106 ol 1CJe(s sgu?o AR %cmff;dgnhﬁw asﬁ statit.

[0084] Processors 730 and 770 then can select which of the pilot patterns, user specific

scrambling sequences, Sector specific scrambling sequences, and cell specific
scrambling sequences are to be utilized in transmission of the pilot symbols.
[0085] At the receiver, various processing techniques may be used to process the Nz
recetved signals to detect the Ny transmitted symbol streams. These receiver processing
( techniques may be grouped into two primary categories (i) spatial and space-time
receiver processing techniques (which are also referred to as equalization techniques);
and (i) “‘succcssive nulling/cqualization and intcrference cancellation” rccciver
processing technique (which is also referred to as “‘successive interference cancellation”
or “successive cancellation” receiver processing technique).
[0086] Whilc Fig. 7 illustratcs a MIMO systcm, the same system may be applicd to a
multi-input single-output system where multiple transmit antennas, e.g. those on a base
station, transmit one or more symbol streams to a single antenna device, e.g. a mobile
station. Also, a single output to single input antenna system may be utilized in the same
manner as described with respect to Fig. 7.
[0087] Referring to Fig. 8, a flow chart of a method of pilot symbol generation
according to an embodiment is illustrated. A plurality of pilot symbol clusters is

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



19 sone enbodi nents, the periodic change may be every frane,
superfranme, or nultiple frames or superframes. [0075] FIG 7 is a

bl ock di agyay enbodi ment of a transmitter system/

recei ver syst eﬁ?o?ig{(%ol na MM system 700. At transm tterép/Ug%a%ﬂ%[}%
traffic data for a nunber of data streans is provided froma dat a
source 712 to a transmt (TX) data processor 714. In an enbodi nent,
each data streamis transmtted over a respective transmt antenna.
TX data processor 714 formats, codes, and interleaves the traffic
data for each data stream based on a par22cul ar coding schene
selected for that data streamto provide coded data. [0076] The coded
data for eadi¥0dalthese wilebpnbs abesterd maypheeslt alighednioptlegsmigsipn iny g figguency

OFDM t echni qeRStivel (g PBADta BafeaselStily Qh@rﬁile )(Flg gﬁpvm 38 @bRAESLHP clusters
that is processed in.a khown rnan ner, and H’ef\f/ be used at the receiver

system to esPTfel evhitieare RHERHE) for BEpHedon inpeTonyeRPpiclsctye prd btimgelective

coded data fc@.énrfé@-cFuﬂl@érathétpﬁl@ﬁ%ht@rstrﬁﬁnbé%&é@t1%6& lpdh Wh@t}i&bcﬁ&e is a high
mapped) based on a partl hfyﬁ%r nodul ation schene (e, g PK,
0

MPSK, or g 94 theomebi theagsepat Bis sy esrAons ?)F%E"fi"ﬂ% ch%eah astipogtion at

synmbol s. TthéjBés@ stadfof, AGGY]HRChunedRd oMbk uedY b WanSAR A RtAorile 8RR, as
may be determ ned by mstayctl ons, performed on praovided by controller

130. [0077] VHe*hBaRUEOrHRt WRimstion phpaay beipm transepitted fromythese fripnnas may
pr OV: ded t o bR ulikz@d ﬂh@(ﬂﬁﬁﬁbér ItdDastoMd b EctdBh dftHE hﬂﬁﬁer%‘ ﬂﬁﬁé&rﬁﬂ&% per gluster
ul ation e or rocessor t hen pr.ovi des
m)dul ati iﬁ@n@% g’%r Yf’gﬁ%{bﬁ%ﬁ'ﬁ pelegied, (adeiRymipgten it mndg s to
722t. Each twimeseiithé €fusté? 3f HECHIs¥ 8%t Un BIIA6IE B%eH0Bild SBREE I ¥enmiibaing
streamto provide one ar nore anal og s¢gna&t{meenﬁé]f urt her ond| tions

(e.g., anpl SEPREEES: OF |1§ 4P COMIRY eAYOBNYE PotiAimsn ]°§kt§92 This
provi de a nagittraimdos hgnak basddtupbh erefdefenhrnea&ﬁmslsug@omehem M-Whikch the

channel . NT ul ated sjgnals fromtransnmtters 722a thr 722t ar

then transnmt®% dla S?art %ﬂ%‘b"ﬁkaéﬁ?i TPHIT YR R?&fﬁnsmefsgé%ﬂf the) setor For

[0078] At r elechasestatiys beparySlis filoe idfo@mgich bt BibadRdtmaiegessi gnal s are

recei ved by epnas, 752a through 752r and the received signal
R T

from each a FISISF 0B UBPFo SOBTR MRS tPR & v By DGP@\VR)enﬂy in

754. Each r ecsimt@icafibd vatngltiptnfobite gtanorfs kﬁear@alaamidnahesne ?ﬁiﬂed to gle
t1 one

downconverts e |ve recei ved sij igitizes the con

signal to pP 0% &Engﬁp hat arg nupiaYs tt?le‘ihgpﬁ{i‘lﬂfct é’\%ﬁh HECk dHp| webis, station is
provi de a cesmaspaadhfdHlodesial iean eﬁfbﬂb@’neﬁ tth@s’tﬁlar fMBtions for each sector may
2007/ 051190 CT/ 1152006/ ﬁ”é 36 20 100 a‘] data rocessor 76Q t hen
recei ves and®jibeeds NI %ﬁd\}ﬁ Z§‘§/ oiffrication signal

recei vers 75141’: Esqubﬂm Iﬁﬂm&ﬁﬂslpﬂmlﬁforﬁﬁﬁ&iMﬁﬁmﬂkﬁﬁﬁﬁ&b%steChn' que to

I‘OVI de NT streams. The, proces at a
{ocessor 7&@%{0@ %?& c?lfl%;t%lg?eﬁ FEPTH &P g 10%841%16“91@&{%‘“6@?% gigldeps, then
synbol st r eatnlirnfohetites asy sigled tb higd pﬂdt&syﬁﬁ)blsnlﬁhte@:e @ihidul@o MRS HoB1I¢ SRtion,

synbols tra d.for the.c espondi n eam  RX data .
processor 72@’%#@% JB g6 IcEPR 1m‘i§%1p @53‘@5’%" rcff@‘étbﬁ’é?gﬂ%ét@ﬂon may be
det ect ed syhiwel Wwoneanutique Riemitsr (sbé fdnf aEfstatislabapioRidetng tBatavice at the

stream The_.processi by RX data processor 760 is conplenentary to
t hat perforr‘}%ﬁcﬁ 4 Pagi;u(g%'essor 720 and. TX data processor 714 at

transm tter [(0PZ] exfict Js&alar[ iﬁ)ﬁ&ﬂ:]nsRKaﬂOerre GRIGEO Eithch o tHR)scEer Wit vich the mobile

estimate of the channel ons bet transpit, and NR

recei ve ant SRS, §°1§’munb°§ I\’A%i ﬁqﬁl"r’l lFﬁeNijrfr ?‘Fﬁt"iPBHé‘{ﬂ fthle@"\f@&@ﬁnbd&
with the trafdthe séqn@celaxspﬁ@lcﬁmsmsnsh@&ppmd toditletgiloy siibolp) bletk 308. The
synbol s accordin

TPt i dent | PCERE P Rbian YRR Site <Hom P o7 el atsies i

each pil ot SQﬁﬁnOhLoaﬁﬁg aniels bdaldr, fuidion sl vagp 6 vdrftings, iS@eh QELL ALK kpdcfically
and cell s pe%{gnle:& scﬁaragglctlmr}g tﬁﬁqdl'rlg ?c(r:lg\%n %yor%?oéagc{ ’%dthle r}nc%e fmstduons After
this operation, the pilot symbols may be transmitted from the mobile station to base

station.



740, and processed by a RX data processor 742 to recover the CST
reported by the WD 2007/051190PCDUS2006/ 060336 21 receiver system

The reportge %HehosiHot hen provided to controller 730 and,
determ ne the data rates and codi ng and nodul ati on schenglz gzog@gﬁééed

for the data streans and (2) generate various controls for TX data
processor 714 and TX processor 720. [0083] Controllers 730 and 770
direct the operation at the transmtter and receiver systens,
respectively. Menories 732 and 772 provide storage for program codes
and data used by controllers 730 and 77023respectively. The nenories
732 and 772 store theaE5|Ot pat-tutus in ternms of cluster |ocations,

user speci f ilB0%23 r Bioeqaliy fuciioan dissusse syt rospret t4 Fig- S maaybin Hiigembodiment

sequences, iifvdd la';?iﬁge sBifdo£ 8hdh §i¥)&ﬁzl fabfpl SChANMBbAsHELS TRHIBNSESymbdls. As
utilized. In, sone en‘%H_él ments, nmulti %ae pi | ot patterns are st?red in
4t

each nenory KUK sRechitsiet tér 4Ray- TR LsistalanimetiRns st sled seahat

recei ve bot Raén &Qb&@ﬂ@ﬁpﬁ@ $adbolssis PithefonRBtd lchDtaR ot bﬁ‘iﬁl&%&ﬁ%lls\fﬁ)m the
pilot patterns. As i, nati on pil ot patternsngaw ng clusters

geared for tPRE %‘é‘?lgecffi“w EheHse ol symbelegftiEtirs prdeinatg spaec g ke pilot

may be uE il lsgﬁldol cHldtérs @b NG rﬁo‘tﬁl%%fbﬁﬁhé ﬂl@rs'éﬁl@sédﬁﬁ'rb?méba%e Sﬂ@_ﬁ@ﬂfl c
pattern base on a,paranete uch a _randaom sequence
response tol Q\QP%prE‘t PELPRn the &m%ﬁe %&é@pdst“éi{g 6??Peft06‘84lilgPr8b6%9§’s§F%h be

730 and 770 ilnpRmecafld SLbAE br V?sdilir@ hn@fuction® Hh Ia%ommhérefeaaabwwam such as a

specific scranblin uenc sector specific s ranmblin uences,
n@ cel | sptite ‘g{i‘r"gﬁfﬂ T IE NCHRIOSPSE0% SO lﬁ’fqu P?\?g eli'e onic circuitry.

transm ssi ormm] tme@inlgqb HY M Sow[BE82F aAhethb® of @Rﬁ{ﬂgeﬁllot\é%ﬂbayﬁattems

processi ng te ues may he used. to s the NR recelived si
o ot act t HECRAES AE e R bRy o Brariies hamnel coRdiions is

pr oces|S| ngdroemhmdgbmk 9ay. e g{ffﬁmmﬂnlnﬁﬁyochMSﬁlSNIBEaﬁOE% ewdsh ﬂxﬁ&re(nlhabne

spatial and space-ti recei Vv ocC ng techni qu ich are a

referred to%® %&aﬁ%@"ﬂ%n Tz’ﬁtfﬁ‘fi?fﬂais%" tgarf%} (Wef% E?P&(i"é’sg’f yghioular, defay

nul i ng/ equaj;nez@d, io® it Ehamteriftes efaRe eadimel. | Rhis GifortLE® ¥RY determined by

processing u which is. Iso eferre 0 _as sive

i nterferenc F%‘% Py B’EOW &cf‘é@ %LQI@%}%@FQWI%%G%% Rrgyided from

processi ng ltlm:dnablmmanon[ 0086] "While Fig. 7 illustrates a M I\/D

system the app! i.ed a.multi-input sin ut

syst em wher é(?@g‘}?t %W%ﬁé aﬁﬁ?ﬁn@sé‘g ne #Wo%@“gﬁ sondd BS’ Sloc8be.

station, trans mhaly@naen@r bmrdete&yiﬂibﬂbn smemaﬂml et dhafine 1§ GleGuendy l@@leawe time

devi ce, a_ nobile st S singl e ut .to single in

ant enna systs%lﬁ?tﬁlﬁy °bé cﬂfni aﬁ@ﬂi OAh? g‘he %f‘?élsnﬁetbglhgt HRed P ?Hmwetanpﬂ"t

respect to kyngbol7pat{e@O8Ak iRef 8& niangmitied Hi‘(ﬁn n&)bﬂa stdtivtvs Gl rthayd to@municate
t hod of p|| t synbol nera i.on or

il ustrated” % {Eusesior 03 aFIBIE %{)8&1 [él §Y‘:§€?12;§‘Esé‘?fs {pEphe all

transm t t edadgrednfpr arahexmseleguﬁm frequenay paéét[véLﬂFEg’. IMPial @mé tsellebtBfe, channel

bl ock 22

(Fig. 3B), a combination of clusters somc of which arc aligned for transmission in a
frequency selective and a time selective channel, used for vehicular or other mobile
traffic (Fig. 3D), optimized for a MIMO system (Fig. 3E), or combinations thereof. The
spccific pilot pattern sclected may then be uscd by all of the mobile stations that
communicate with the base station or sector until such time as the diagnostic is
performed again for the base station or sector.

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

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



800." These pilot synbol clusters may be all aligned for transm ssion
in a frequency selective (Fig. 3A), a tine selective channel (Fig.

3B), or a GRHRlieN of clusters some of which are alignhg {99&060 36
transm ssion in a frequency selective and a tine selectlve 1>
Further, the pilot clusters may be sel ected based upon whether there
is a high degree of the mobility for the user. This may be done to

i nprove channel estimation at the base station. Al so, the nunber of
antennas used to transmt at the nobile station, as well as the

nunber of infornation streans being trangfitted fromthose antennas
may be ut|I|z éhe nunber of clusters elected and the nunber of |

pi | ot synbol‘§1 i5e WJ@PW““’FG@S@TGW%O PP o g Wﬂé%@@%@aﬂmﬂw
sel ected, a figheryabdahiictol SmbBUEst@son! A ¥l ieervaltordubia elitigizatib€ or set-
base station in which the nobile station Is communi cating supports,

or is in cofunication with, multiple nobile stations, block 802.

Thi s det er miay710n shaid be nbREeiht uma@&@dﬁyeeuga wedilseon esdemind thtb Afmber
mati on

network in ¢h the bi]e statlo Al ternati Y, is infor

may be tr angﬁf’cﬂ%ﬂy‘@‘g?ﬁot IFFeﬁ%Ié*HF’G? i f Stﬁ’égép’i‘{témﬂ S%Qﬁ%ﬁy"wmgs of
its pilot injietghiven. oralks o&xécawckmsme@ witld G88Hect fto tHIL. O &Y &dach be
does not supglpﬁ]%m%? ni cati on, is not currently in com"rurglcatl on

with multiplt &t gy Shanore HB?F‘?ES?%P‘I fauﬁ?f{l?‘&ﬁrsre&f‘l%b & PRt Fueh as a
the pilot smﬁb@ cbmﬁtmcﬁrﬁ'ﬂleuﬂbdwewhﬁht:ﬁe ifplssietedby 3 Wab&Bor REntroller, or
Clglle statl Ig $ gprmumc i ng, block 804. in an enbodi nent, the

| ar f unct"SAS FEPMELEH " Yect or may be stored in the nmobile station
a][ld_ utili zeqogmenweﬁ@gom Rigs a0t ar ﬂ&\d&fmh}tfdfcmrh@lﬁbﬁ of bt bkwetrnoiosglgeﬁdﬂ is
of its part .of i rmation or broadcast messages.
the cluster 18‘6%%3t‘e ‘%tte% R T tﬁ‘ ?Fﬂﬂqil?rﬁﬂyes Vi 08 @81y ghuser,
t hen scal ar HlmkcIOOOnSI‘Iﬁi mdﬁ[bpldbﬁdfdr&xhﬂﬂﬁlemdkﬂt uﬁiﬂl@@él&cﬁyf't&tthaﬁ&r, a dopler
uni que to the bi.l e stat bl o In sone
scalar 11 metPERS dofe BB PR oy SHET cE0a whumeren ik e

identifier usgded mbbﬂm;grﬂettédime@ ﬂomi‘ithiirso\mhdﬁdfoh‘m:a.ﬁdﬂEmdﬁ'ﬂlieﬁ&;ealhhké’ﬁo select
time of manuf gcture. %)0 Atft g](% |0nsé ﬁ ﬁﬁ%c ugi{)qgﬂeb
either to t F&°SECTOF Wit ¢t ?rP% FISEHSSI B A AR 4Pt base
or the nobi Iseatiehabliook 1i003e|1fhe @E@nappﬂlayedwma foe qaahl@te, &ymhﬁﬂee ,of pilots to
anot her sequence. of alar functigns is a ied t S,
Dl ock 805, HRASEiqdrEe 2arot A RS T it R boFlB' #hrfoe Heotdechnn Hay
whi ch t he nubilhde &fc&‘hlaﬂﬂn asto(mhmmmit]ﬁmmdeng a MIVI® seahawvell asthe uedts Bmpility.
vary over ti f ..each cel eci SS ed scal ar
functions that Sﬁiegtl?(n W% aéile %Efr%%ﬁrﬁ etra]!? %Wg‘? ‘éigtgf g’ie%??é?y selpetiity
t hi s oper at iofrhe tdee ami ls@:hc ﬁ‘;tqdnmbﬁ sﬂagtwbehﬁcsl&n& dtictreidcd bsarashﬁﬂiﬁl sraftice for
station to t%fase sta The sc ar functi ons d

with respect ?%Sel‘l’lsedmé or ﬁ%I?OYeﬁ[Oéfﬁ “éolrtr%%?ﬂor‘?éﬁ linﬁvm/l@d’zfaﬁb% ’i%‘?ttpag‘?m
each of the isaiwpl mmshham cmtl&t udetit @ tthbnethpl uset nyniiidzs. thé\@ﬂdﬂ ﬁaﬂ:td:&rsﬁdlater
W th respect_to glln t%ﬁ fg atir] 1Otsoge scalar fiinctions are

sel ected so TRATSESEHO %’g%sgrsa . ?%':t nmbol s is orthogonal to each
ot her set off0§H9]dt skouiddk &ofaddﬁattdmlesﬂmemmbidt@tes ttd bae sitamoﬁtdi@r make the
pi |l ot synbol cl usters and_.in nd ot her pi]l ot nbol ters
for other dte){% QU PHAS ﬂfeh‘éseﬁ g}?i’algg’cﬁi&smgﬁ apﬁléjpﬁlégbays@/a?slef;*y the mobile
[ 0093] | n adthtibho rin thisecdsé,olksk desE malyeisk mrfdmreesmsed upen Forgrard lifRpilots

each be inplenented.a ne or.nore orrput er
readabl e medi’a Smmegﬁygkéeo%sﬁﬁtﬁ%?@ aﬂ%@&% IQ@E FBH’é %d by a

processor, ¢eo00d|Thertgchniquet describbd® ety Bé ﬁxﬁpl]lehfeyted [@Mbus rneans For
Referrlngto Fl . ow char al terj
symbol | pat « SR et Bereleit S AR s dal BRI S b Pl b Sombination
| nf or mat i on theegst diong l'ﬂfth\l‘ﬂileimpi@mdn’rhiuﬁm $hd grooddtiah@es wihack b%&taﬁ’&he’r a
|nformat|onm%>{ co ise SNR ratios,at.one or nore bile sta
moDbile §tati n may be mmplemernted within one or more application spect c 1n eg'ra.ted
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices

(DSPDs), programmable logic devices (PLDs), field programmable gate arrays



[0098] Referring to Fig. 10, a flow chart of a nmethod of pil ot
pattern selection is illustrated. A determnation is nade as to the
frequency y of a given user, block 1000. This

for exanpl 2ﬁ*§§géﬂtﬁon a velocity of t he user, a dopierP§§¥§§§m%&g?he
user, delay spread of the user, or other channel information that may
be utilized mobility related user conditions. This informtion may
then be utilized to select one or nore of a plurality of pil ot
patterns for transmi ssion by the user to the base station, block
1002. The selection may include, for exa®le, a nunber of pilots to

transmt and _the nunber of pilots in total and by cluster. Further,
the sel ecti ofEiEY)T HOPERIRS ﬁ‘f%‘?"ﬁ]ﬁlfsr HcTRconEogiet FHSTORTRESSEHRISY Other glectronic

M MO user asudildesi@ed W&t ah shoMaRétidnt Veschib&d BEEBCE) DEbriBiNatRR HBESE bY
determ ni ng thg relatlonshlp of the frequency selectivity of the user

and some fr dq8tNEyFYepettfivase i fafioge tls ipshatnusy depgiihsd| berein may be

statistics fla{pwﬂa@lw With ﬁla@m@sr (c.£1 pERLHureY Qs "UE sP8h) @0$ pRiform the
time. An indj catlon of ilot pattern in then transnjtted to the

user, so that™t H’élSLFgeé?n yheﬁ“ill i1 SoRar pefles gast Be torsd Fafigpory units and
transm ssi ongetted B pRRSSs0sd. atteembtyafk iO¥e inl 189 ted Wltﬁﬂptﬁk gr&‘é‘ssor or

not ed t hat mhlle F| 10 illustrates the base station may nake
det er mi nat | oRtEEel 9 ’thﬁeprﬁgﬁfornﬁ‘blwl}“fhy casehid 84 ke %EIF%%’@FPY?&Q 09@1%&1‘118

by the nobi l@osdsedrivedivartdus tkbass @sagﬁnmblhﬁpdﬁeéﬂm may be perforned
ilots transnitt y the base station, and

based upon f rd_|link

blaéck 1004 n@{}y\@é Thi Pregtpus devsiiphan ohihe; E‘H‘Pﬁealfé@ég%\tﬁ BoRforidpd i enable
may be i npl Eaﬂi@np&dmbyslmwdl ﬁxuahmn&o FRBkEX R MM thd Hesent @eRALGKES VEBYus
be i npl ement ed ﬂén har ware, or.a c nblnatlon t hereqf . For a

har dwar e i npPEHBRTEPE 5! e??l%m ‘? wisiy Remicp X FRDRTGTE o haseskilied indhe art,

or a nobile astiahe géheﬁiﬂyprhelpldgmleﬁﬂaﬂh&éﬁn\dﬁﬂﬂdh@ﬁ@d% otBF EnBdinkER WifBut
specific int ASI Cs) processors

circuits |ta| si_gnal
(Bps) | o o ERIRLE gt il SPa bt et rhepnaie b gremmay Gionds pot
devi ces ( PLBstenddd teltd Iamiegi tamﬁﬁaéih&dgﬁiérlﬁq ﬂfdﬁ&v&rmﬁ@u{ 3686 hecorded r::he widest
processors, contr ol , . JN.Cro-contro er S, /T CL OPr 0CESSOr.S ot her
el ectroni c GRS co&ﬁlgfeﬁﬁ‘é(&miﬂ%? BEeRiesiAnd eV L’f??é?’ief)a@d&é%dcl?‘irﬁéd her ei n,
or a conbi nAVIHATT IS ETeVIED[IB0101] For a software inplenentation, t he
techni ques described herein may be inplenmented with nodules (e.g.,
procedures, functions, and so on) that performthe functions
descri bed herein. The software codes may be stored in nenory units
and executed by processors. The nenory unit rmay be inplenented wthin
t he processor or external to the processor, in which case it can be
comuni catively coupled to the processor via various neans as is
known in the art. [00102] The previous description of the disclosed
efbodi ments is provided to enable any person skilled in the art to
make or use the present invention. Various nodifications to these
enbodi nents may be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
enbodi ments wi thout departing fromthe spirit or scope of the
i nvention. Thus, the present invention is not intended to be [imted
to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed
herein. WHAT IS CLAIMED I'S: 26 CLAIMS 1. Awreless
communi cati on apparatus, conprising: at |east one antenna; a
menory that stores a plurality of patterns of pilot synbols, each of
the plurality of patterns conprising four contiguous clusters, each
of the four contiguous clusters |ocated at substantially corners of a
hop regi on; and




a processor coupled with the at | east one antenna and the nenory, the
processor configured to select at |east one pilot pattern of the
stored plurality of pilot patterns for transm ssion by a user based
upon a tine selectivity or frequency selectivity of a channel.

2. The wirel ess conmuni cati on apparatug6of claim 1, wherein the
processor is further configured to select the at | east one pil ot
pattern based upon whether the w reg‘gleﬁ%mmni cation device is to
receive a transm ssion in a M MO node. 3. The wireless

communi cat i on appaviadless comnfun®iatibd apphRisSbdmprignd: r equency sel ectivity
threshold is a function of user nobility. 4. The wrel ess
communi cati on &plsa¥Lneantenas| aim 1, wherein the at |east one pil ot
pattern conpri K t] i . n. f ile ..
Users, Ao (BB PR B uphe ¥ iREL RN, e IR i
wher ei n t o€ pattamey sonwispgi feerscoatigians aluisters, edch € deafourf aontificas sluares
wherein th r.0 r..i,s furthe onfigured to instruct

nul tipli ca Clan(;[;ercll aggusot%%ém%l?yl %Otrréer%?/{aaﬁoﬂ rgglgfl’ e of the plurality of

scal ar _functi oagrocessor coupldal willighe\at legdt @66 a ALY €l th &N 0B PRR R S0P f

claim5, wherein the ﬁ%yrality of scal ar_ functions ponEsze vectors
of scal ar “PURATLRSEl t%ﬁ%?%ﬁﬁ“@hﬁﬁwa@3%ﬁﬁ?@dﬁhFﬁﬁbé nilotpgtierag for
ot her veck@hsmission by a uder bA¥@ upbh Qkiﬁx%_%eﬁ&m’fﬁmrcﬁ%ghém AARANVAL YT 2 Rhannel.
claiml, wherein the wireless comrunication app ratﬁs recerves
signals using a plurality of frequency subcarriers in a frequency

range between i r .and a m ni pum f requency .and wherein
27 the pilot s?/'ngg% "x{ﬁéﬁgss% g?@*@gg UL ARRArals oL 1%r1alg‘flﬂte§f“%1thepi’r|°8€fss°r 18
synbol s s turthentordigutedlastseloctetht ieleqst una@pildtpatérn Pasedtupdl MRtR:r Gl widdss
of the plurality of clusters is transmtted using a frequency

subcan- | e?o%?lﬁgl\#aqq?a‘f?vfcﬁés RIS F3SERsioayn BMIP’E@ Medgi mum f r equency.
8. The wirel ess communi cation apparatus of claiml1, wherein the
frequency range conprises a frequency range of a tinme frequency

bl ock. 93- The Wireless econneuniention capirats afpeeiat Us vdferait ahanfikquency

wherel n oL RCRRSADIA S o FHABRLF FRPELAYEEA o sel ect the at | east

one pilot pattern upon e 16l attonshi p of a delay spread of
the user and the frequency selectivity threshol d. 10. A

wi rel ess commupi.cati.on apparatus, conprising: . a nenory that
stores a plura 'i% “Sfeleﬁé%%mg‘c onApp tuéy??rﬁ]@l“% 1, whgrpindhe atfeast one pilot
pl ural i t ypasbrpaiipeisasa ﬁ@qﬁéhbysédT@:tif/QHiﬂot(bQﬁérh%Hﬂ%iféll*éétrsgrS’ each of
the four contiguous clusters |ocated at substantially corners of a

hop region to be transmtted fromthe wrel ess conmuni cati on devi ce;

and 5. The wireless communication apparatus of claim 1, wherein the memory

comprises a plurality of scalar functions and wherein the processor is further configured

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

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

orthogonal to each other vector.

7. The wireless communication apparatus of claim 1, wherein the wireless
communication apparatus receives signals using a plurality of frequency subcarriers in a

frequency range between a maximum frequency and a minimum frequency and wherein



means, coupled with the menory, for selecting at |east one pilot
pattern of the plurality of pilot patterns for transm ssion by a user
based upon a tinme selectivity or frequency selectivity of a channel.
11. The wirel ess comuni cation apparatus of claim 10, wherein the
means further conprises means for seleéfing the at |east one pi | ot
pattern based upon whether the wirel ess communication device is to

receive a el ess
communi catt%l%ﬁﬂ& gﬁ’g él}g SIEP eélf\ﬂéf?ﬁ]arbses fnbprality Otfﬁﬁ"w&ﬁ’é’\{gf 19 A3t least one
conpri ses thmplm.%alftplbf pHbesinmbyl bheachtof |tE@§Iurd]’iﬁ>e oPkhuelersPidtit@EMitRaseflg a
upon a velocity of the user. . The wirel ess conmuni cation
appar at us 1 uE‘%é(lsHchfffler\ﬂt@F than ﬂeqm@awnum fEeepganibs mEIMBM fegspenat us
receives signals using a plurality of frequency subcarriers in a
frequency range between a maxi num frequency and a m ni mum frequency
and wherein 28 Thewirlgst emymeniediioo epparatsesf daipl Urvetlerdiy thef fragjubioty range

synbol s SQO&PH%”%chﬁ?§§€g%§<kQ% ran;qéééy% %%pllot synbol s of each

of the plurall ing a frequency
subcarrier other t han the maxi mum frequency or the m ninum frequency.

14. The wirel ess..communi cati on aratus of ¢laim13, wherein the
means for seIe?t ﬁ%“@ﬁ#ﬁ?ﬁ§@§“W§§ﬁ8“FBW”@%?nghﬁa]bdgﬁﬁﬂﬁﬁ@hpﬂme$0fw

rel ati onshiirfheptordiged o sSREehd a9fea§thﬁae Eﬁ@tr path BREd E%Bcﬁﬂtlﬁ@'?@l){tl nship of a
sel ectivity threshol d. 15. for transmtting p|? 8

a wirel esSClapsrrea eihe B??@%th@rﬁeﬁbmb’ﬁ%l?ﬁg’ltycﬂl@?@om ning a tinme
selectivity or frequency selectivity of a channel of a user; and
selecting a pilot pattern having four contiguous clusters of pi | ot
synbol s at thelﬁokM@ﬁkﬁ@&nmnmmana@pgnmhamombﬁmuger based upon the

time selectivi or f quency ct|V|t of . t.he nnel

The met hod of %%ﬁ AL a’&ﬁ5?£|‘“a§ é#ﬁ?%rﬂbo RﬁPW§‘§&d@9éPﬁWﬁPH§MHY
based upoaf patt@ﬂmed)rhpfrlﬂlﬁg tf6\& ¢bhEBuous clusters,ldach UIth%llﬂog)an u&‘dsaélﬁ%;[ér@’
wherein s Iecélng conprises sel ecting based upon the vel ocit

respect t &t aﬁ%hﬁj@ﬁ‘é‘yy SOrmsey iofiat hon Feiamest g¢ transmitted from the wireless

communication device; and
means, coupled with the memory, for selecting at least one pilot pattern of the

plurality of pilot patterns for transmission by a user based upon a time selectivity or

frequency selectivity of a channel.

11. The wireless communication apparatus of claim 10, wherein the means further
comprises means for selecting the at least one pilot pattern based upon whether the

wireless communication device is to receive a transmission in a MIMO mode.

12. The wireless communication apparatus of claim 10, wherein the means further
comprises means for selecting the at least one pilot pattern based upon a velocity of the

user.

13. The wireless communication apparatus of claim 10, wherein the wireless
communication apparatus receives signals using a plurality of frequency subcarriers in a

frequency range between a maximum frequency and a minimum frequency and wherein



18. The method of claim 17, wherein selecting conprises selecting a
nunber of pilots based upon the velocity. 19. The met hod of
claim15, wherein determ ning conprises determ ning based upon a
del ay spread of the user. 20. The nmethod of claim 15, wherein

determi ni ng conprises deternining based8upon a dopl er spread.

the clusters each comprises a plurality of pilot symbols so that at least one the plurality of
pilot symbols of each of the plurality of clusters is transmitted using a frequency

subcarrier other than the maximum frequency or the minimum frequency.

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

user and the frequency seléctivity threshold.

15. A method for transmitting pilots in a wireless communication system
comprising:

determining a time selectivity or frequency selectivity of a channel of a user; and

selecting a pilot pattern having four contiguous clusters of pilot symbols at the
corners of a hop region for the user based upon the time selectivity or frequency

selectivity of the channel.

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

upon a velocity of the user.

17. The method of claim 16, wherein selecting comprises selecting based upon the

velocity with respect to the frequency selectivity threshold.

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

pilots based upon the velocity.

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

upon a delay spread of the user.

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

upon a dopler spread.



