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S| GNALI NG TRANSM SSI ON I N W RELESS COVWUNI CATI ON
WEYHTRMB2RELATED APPLI CATI ONS [ 0001] Thi s appl PCHUBZIN3/034507

clainms priority to both U S. Provisional Patent

Application Serial No. 60/422,6368, filed Cctober 29,

2002, entitled "Uplink Pil ot And Si gnal i ng

Transmi ssion In Wrel ess Communi cation Systenmns, and

to U.S. Provisional Patent Application Seri al

UPVINR, BH20T AND SIGONALING TRANSNRISSIQN IMW&EHELESS
Estimation for EHRMPONICAGAORSESTEMS" Which are

i ncor porated herein by reference inits entirety for
all purposes. BACKGROUND 1. Field of the Invention
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varil ous types comuni cati on such as voi ce,

Apldicatioraners an. dﬂﬂé’&@@y sfilsas Qetgpepe29.mi092, pleégfé‘?fl: e@annel

G SBEIAP ElHRRRGH SRR BE RS e v by

refeiféiick Nditd aﬁu@watbf @bb@rp%bﬁt em resour ces. Exanpl es of
such mul ti pl e-access systens include code division
mul ti pl e access (CDVA) systens, tinme division
mul ti pl e access ( TDVA) &fouRiy ort hogonal
frequency divi sion rruIBtSAlygie access (OFDMA) systens.

L[ OOOgsk1dPsT thE Phv &itfdnem enpl oys ort hogonal frequency
di vi si on nmul ti pl exi ng OFDM) to effectively partitio
t he B‘iﬁerpmsﬁntsy%\te@wlbarﬁ sdeenerattyo iy datarsemngmiqagipn, and more

megtﬁg@gf nal teﬁﬂ?& g {4 s?rﬁttﬁllébﬁg@td nd' & 1?1@ fesd er4i8 deontrol)

ones equency |ns requ
inSathahiam g e uphiakhn swtehsn dommynioeti o mmthsas an

i ndependent transm ssion channel that nay be used to
transmt data. [0005] In a wireless comuni cation

yst an RE nodul ated signal froma transmtter may
eacﬁng(gfg%‘é(ifver via a nunber of propagation paths.
The whalas tomntini@sionfsyithas Wo RRBY/ deHdBRA to provide various types

ofpgrilrgﬁrzlgggér? %ﬁcsh(ﬁas voice, packet data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users
sequentially or simultaneously by sharing the available system resources. Examples of
such multiple-access systems include code division multiple access (CDMA) systems,
time division multiple access (TDMA) systems, and orthogonal frequency division
multiple access (OFDMA) systems.

An OFDM system employs orthogonal frequency division multiplexing
(OFDM) to effectively partition the overall system bandwidth into a number of (N)
orthogonal subbands. These subbands are also referred to as tones, frequency bins, and
frequency subchannels. Each subband may be viewed as an independent transmission
channel that may be used to transmit data.

In a wireless communication system, an RF modulated signal from a transmitter

may reach a receiver via a number of propagation paths. The characteristics of the
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2 propagation paths typically vary over tinme due to a

nunber of factors. For an OFDM system the N subbands
woreop40x982T i ence di fferent channel conditions aPdI/Isze03/034507

achieve different signal-to-noise ratios (SNRs).

[ 0006] An accurate estinmate 2f the response of the

wi rel ess channel between the transmtter and the

receiver is nornmally needed in order to effectively
prpagatiom patidatypicelty vetyeowy dinieathiestosababersef faptarsnelfor an OFDM
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desirable to mnimze pilot transm ssion_to the extent
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typically vary over tinme, the pilot transm ssion )
benamd of noisband efhenartifctsTinethe iwireless channgh asyEicigpjagpuphef pilot

Wi reless c nel be assune . rel at .
negirie o B ERTe e f P SRR QG kBBl dhrn estimac
oftthéBhanhBiEre§ RNt Rbréivedtbek o ahd s&itahsions @ tiicopiopagation paths

sg;tced significantly closer than the channel .
to dlehelraanelaestionse ersl thainTepasation gaths themsalvee ppiatR n@Ey over time,
thé g)ggtst anlsfhiss{¥ \%gﬁ\ﬂoi ﬁ%(reggat@d.%g !ti%sdugﬁw& FHithe wireless

e a single pilo ransm ssi on rom an access
chafidltm4pbe ashimssl &t B irelajivetpyconstantsisdofien wfervmbtr anf channel
termnals to esti gate t he r.esgonse of . the disti J}Ct v el
cobprsAffele ; LBFTensateq PLIOL HangRiss I%Sdlesé.&%b%ﬁpafﬁi signiticantly closer
thh ST AR 1 cdHrdnlE i th Maintaldehi SR SyARSh Férpf&fﬁaﬁ@@.h of the
termnals to the access point "typically needs to be =
est i Iinsthe dowtlinkuefte wapksacenpihigatian i, dsingie pletdrnsmission

each of the. rmnals. [.0010] Thus, -f.or el ess .
frQus AR ATCES: P‘BH% g‘ifs? SAye ﬁﬁh?? oY (B e a?rnellléﬁt(;aegc(ﬁ t%lé%lg als to
estifhatd fRNEEPIns@ ofithOtdifmct BRard#els fEmt Meatc@BGRint @Oeath. of the

Moreover, signaling information such as rate control )
tefrninels el the VRHEK.aBR ibane) drenteach 6f thfolermingks to the access point

transm ssi A b L] f
bR SRS R P EE nd PR ol (Rl frorh bach of the
tefhiablgl on  mul ti pl exed (TDM manner, then each term nal

may be assigned a distinct tinme slot

arpg Woui d t henh dt
t r anhist for R VIERIESS CORMRITTAGIOR Sy HE™: M P PBRatsfgach need to
trzﬁﬁﬁiiggﬁﬁottdnmﬁe ﬁbﬂﬁk to an access point. Moreover, signaling information such

as rate control information and acknowledgments for downlink transmission may need
to be sent on the uplink. If the uplink transmissions are performed in a time division
multiplexed (TDM) manner, then each terminal may be assigned a distinct time slot and
would then transmit its pilot and signaling information in the assigned time slot.
Depending on the number of active terminals and the duration of the time slots, a

relatively large fraction of the uplink transmission time may be taken up by the pilot and
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Dependi ng on the nunber of active termnals and the
duration of the tinme slots, a relatively large
w0 e@enuser of the uplink transm ssion tine nmay PET/USH0651034507
up by the pilot and WO 2004/ 040827 PCT/ US2003/ 034507
3 signaling transm ssions. Bhis, inefficiency in the
uplink transm ssion of pilot and signaling
information is exacerbated in an OFDM system where the
sigélalirgy ?laﬁm_sliisﬁlgrlls. cams,;ﬁﬁqfﬁcﬂenﬁg & shaluplislt ttansmisaiosselopilot and
~unit (typically one Sy e quite e .
sigpaon [ YRBRO & CRererHe APk S afpeef gpt ebEeamying
caéa%ﬁg%'f‘ih@%ﬁl%sf &Qrﬁ?fﬁ&s‘ioﬂ??ﬁi%tyﬁfégll? b @HDM symbol) may be quite

romation in a nore efficiént nanner in wreless

larganmuni cati on systens (e.g., OFDM systens). SUMVARY

[0012] Techni gues are ovi de erein.t e . . .

ef f @@P&fﬂ%f?fg%?n%mef‘ 1B %%?“ i?{&e@?né%uaeﬁ it%{g)ra‘%g‘%?%%t and signaling
infoRhidda i Hble FRSSnt GORRMINGAEIER coumhieidtioléydterasEandFDM

mul t1 plexing, the M usable subbands in a system may
sysfemplartiti oned i nto Q di sjoint groups of subbands,

where each subband is included in only one group, if

at all. Each subband group nay then be assigned to a

different term nal. Ml tSPMMARY nals may transmt

si mul taneously on their assigned ﬁubb nds.ghOO.:l.St] d sienali

Usi nkpebnigBesnae prvidss ksipingo mere £LRGH YD e raIsgRRh Yot and signaling

SHL! i _{1@4} ARG 6P EystGRE NWiRT Nibbahd btifiBEng, the M
Onetﬁ%iugghgémrgﬁg%% ased 1on }l,JSp| I nk pli | ot t_ransrri%si 0%1
usarle Goblyands is medyistesubmetbeopartitionadstitd & disistiringtoupy pf sphbands,

total en use r. pilot transmssign
WSl SO Op A R Y 8% R Tt o ERR Spgpege eroup may
thENEpDYasRiched Wos & UsBechOrtefhinal.  tViakiphd Ssinginalonneyl thdnsmit

usabl e subbands, then it is possible to use the pilot
simnkareniigy oo theitnssignedsubbaidsbands to accurately

i nt ol ate the channel re -obPii

subbaE St T CRER By b RASARE ohlhel ABnRhe Rlay My qriined for
cabh a8 edThaltfoR ehePdntiad ugibld Bendipisedloni uplik piliot édapgsission on only a

comuni cation s stem(e.ff. an G:DM?}Y%E?M'WW a. . S
sopslligudbetiof tast usabisisublernds. Fihe iqte)psreyst {91 ARG URRYHEHON o
sughﬁiscﬁbilsel%lﬁiﬂpa%ﬁdscb sicd aBLA {CThedRha dfefRYSBIESHiSE ukéd for pilot

e systemare initiall'y partitioned into Qdisjoint

trafsAtigssorodn silibvbasubée siubbendd, threnuipss pasyible tolsa dlee pideidrangmission

di fferent nunmber of subban nd, t he. subban ' h
PR RPBE OasFrEEH PUgPOR G APPSR oo e P D S M-S

s the M usabl e subbands. A different group of

subbands is assigned to each of one or nore terminals |
f or Optientboginhent provides a method for transmitting pilot on the uplink in a

wireless communication system (e.g., an OFDM system) with a plurality of subbands.
Tn accordance with the method, M usable subbands suitable for data transmission in the
system are initially partitioned into Q disjoint groups of subbands. The Q groups may
include equal or different number of subbands, and the subbands in each group may be
uniformly or non-uniformly distributed across the M usable subbands. A different
group of subbands is assigned to each of one or more terminals for uplink pilot
transmission. Pilot transmission is then received from the one or more terminals on the
assigned groups of subbands. For each terminal, the transmit power for the pilot in each
subband may be scaled higher (e.g., by a factor of Q) so that the same total pilot energy

is achieved even though the pilot transmission is over S instead of M subbands. The
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transm ssion. Pilot transm ssion is then received from
the one or nore termnals on the assigned groups of
wGQiwbanss7 For each terminal, the transmt poweCT/U82003/034507
the pilot in each subband may be scal ed hi gher (e.g.,
by a factor of Q so that tHe sane total pilot energy
i s achieved even though the pilot transm ssion is over
S instead of M subbands. The WO 2004/ 040827 ,
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. , all).
maghthenedbe derivedafios caghaierminah betedyen ithe ilpiorecaiygd on the subbands
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thé QbwHRLIA ah&s&byed on  the downlink, and so on. [0016]
Vari ous ‘aspects and enbodi nents of the invention ar

e
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bf: THE DRAW NGS [0017] The features, nature, and

CWrant ages of the present invention wll becone nore
apparent fromthe detail ed description set forth bel ow

when taken i junct i ith the draw i n which
i ke ref er eBRTERBERGRAATN AR THEBRAWESHS ngly
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cront ) Rt ag FAERManl dgSE] el roceht Ity bRS SiUEBgche mo
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(b HERVSED B0 F1h Sib BB TSI o SRR OBt and
WL&P%Q] FIG 5 shows a process for transmtting uplink
ot using subband nultiplexing; [0021] FIG 6
i || UBKG.dt iflssteatésraarFRIM ysteny hat tv@podsp poinber of WSerand

mul t] ing for .uplink i ' {
A 50 AL AT 5y DO B e, e
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FIG. 5 shows a process for transmitting uplink pilot using subband multiplexing;

FIG. 6 illustrates a frame structure that supports subband multiplexing for uplink
pilot and signaling transmission;

FIG. 7 is a block diagram of an access point and a terminal in the OFDM
system; and

FIGS. 8A through 8C show pldts of potential savings that may be realized with

subband multiplexing for uplink pilot and signaling transmission.

DETAILED DESCRIPTION
The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” An embodiment or design described herein as “exemplary” is not
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[0023] FIGS. 8A through 8C show plots of potenti al

savings that may be realized with subband
woredosjopisexi ng for uplink pilot and signaling PCT/US2003/034507

transm ssi on. DETAI LED DESCRI PTI ON [ 0024] The word

"exenpl ary" is used herein td mean "serving as an

exanpl e, instance, or ill ust ration." An errbodi ment or

desi gn descri bed herein as "exenplary" is not
ne@@oarll9 40 %7 cRETHedS20 0B85 017 ad \BInFAEB @izss A Yar | %ﬁh%foefb@dlmems or
dconstrued as preferred or advantageous over other

bdi nents or designs. [0025] The techni ques

descriehgehmiqies id8sdr®ed ha@iiot trapkinéitpikb end sighalirigngformation may

information"may be used in various types of vvlrelels
becusaduin arPusn LS taf nvvirgless é@éﬁWﬁP@aﬂ?fhé%emt edRhicgaaple, these

f Cfa\/l& Bl\/lﬁf d &ﬁl: t S5 Th
tegllﬁ%asugs rﬁ%ﬁ%ﬁllgsu%s ma)]/)l\g éo% used gor systlclelrsrs oe
teSingdned Sn@nalcd BylukedM@ s beth sybtatns sticlains lant&FDM TDM system that .

aling an trafflc dat a usi

trq%]lngttp épsip%,s@a 1% ap W fiodpyg wing, digee Qgpsmn mlﬂtlp exmg, Whereby
OPDMPLY Giedal | p g%lﬁ %ﬁoﬁlﬁla&ﬁmrﬁﬁéleﬂ sSIEMRTR s8d for traffic

used for tra For clarity, these techni ques
dater. e Fepedartyc alhelsy tdcém:qmb@m spdcifieafilyr desarigrDielowy fredn OFDM
0026] FIG 1 illustrates an OFDM system 100 t hat

Bborts a nunber of users. OFDM system 100 i ncl udes

a NURKRES1 Plus@REEHSOPDMERteR)0 thhOsuppaits & llmmbéxt of users. OFDM
conmuni cation for a nunber of termnals (T) 120. For

sysiemp 9@ inojudes 3 Rumphes of aeeess PRBINAT)s1 Khihah supportpgogmynication
foftrz]i aq%%%essof RO Rkal M OFQIes1 18ﬁ§/qqn[l%ggé}‘]§c@es? &%t is, shown in

S

n or sone other termn Ter

FIGR01.meAm heceds Spettsiady alsbobig hdetred e asysbesa stétiore Dmsmab other
may al so be referred to as a nobile station, a renote
tegpi@Plagy. an access terninal, a user equipnent (UE), a

W %ﬁéﬁnﬁ?‘ﬁ% 'Fnagq)% d?s@@?se@ﬁﬂ@ﬁghtoﬁf fHe ?&t@ﬁh}’ .A E#ihal may also be

term d or a Tobil erm nal that can
refarradLioi aad mohﬂe lstatine, renpws siatiby, amaqcc@sl eraineb gsuser eqUIPment

B o o P Bl o By 32  mvcd o o
mBBH@ &t AatidaR 'Ebhﬁﬁm%ﬁfeeﬁl&h Rele Ndr ﬁ(ﬁﬂbl}»emhﬁfpﬁe A&kss points on
and the uplink (or reverse link) refers

the rdawslhnls gnql;(nr aplok &t ey gieeminement.oThe, éovaleléré%(s)r powiged link) refers
o RpHidh L nd 6255 RPBL B il IR0 GRRAF fblbep 1
relfddh kdtansBeeRtirog thatetnmabahd ﬁ(tcess:ipmntgn of the OFDM

ts )e/fhfqr%‘%ag p%(;gqe gcggtgﬁlgrc;gu{l@y Ca?ég\j\}slj ﬁ?etr(teen%ltla s %atthg)lugh 120f
via the downlink and uplink. Depending on the specific design of the OFDM system,
an access point may communicate with multiple terminals simultaneously (e.g., via
multiple subbands) or sequentially (e.g., via multiple time slots).

FIG. 2 illustrates a frame structure 200 that may be used for the OFDM system
if a single frequency band is used for both the downlink and uplink. In this case, the
downlink and uplink can share the same frequency band using time division duplexing
(TDD).

As shown in FIG. 2, downlink and uplink transmissions occur in units of “MAC
frames”. Each MAC frame may be defined to cover a particular time duration. Each

MAC frame is partitioned into a downlink phase 210 and an uplink phase 220.
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mul ti pl e subbands) or sequentially (e.g., via multiple

time slots). [0029] FIG 2 illustrates a frane
wa@eoosasee 200 that may be used for the OFDM SpGI/B82003/634507

a single frequency band is used for both the downlink

and uplink. In this case, tthe downlink and uplink can

share the sane frequency band using tine division

duplexing (TDD). [0030] As shown in FIG 2, downlink
DoviilthkURArslssidns mhelsibersmanas maynbamultéplefed wag time division

ranes". Each MAC frame may.be defined to cover :
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or variable
seng_lé?l?{fgliﬁﬁ Dilofdnt e 1&infhal t6ltterddcess puint, kegnicne 234 ireused to send
|

rent for the downlink and uplink phases. Fay, t.his
sigsadingi (Bige raqumwﬂ,e%ﬁwlﬁﬂgm?meﬁtfﬁs% P@o aﬁgd%fﬁf"}torr’réG is uSed to
p %pk phase includes a pilot segnent 232, a
Se&%%ﬁ al i ng segment 234, and a data segment 236. Segnent
232The slteth the upinkdptase obkachkMAC Granfer may iteassighgd papne or

to the access point, segnent_234 is.use n . it
mos¢ geralnaly for .ugﬁ,k PSSR o‘?a}‘%a%?ﬁlﬂ&ﬁf é‘g"dl?é i gﬁ‘amél% on 1
segnment 236 is used to send data. [0031] The
assg%})gflss FQ)'t he uplink phase of each MAC frane ma

cacl y be
ass Fgmedstnatome08r represnés @ 6periliaiBplemeniaien ghat may be used for
ransm ssi on ach t.erm na

t I I j i
the;QEPYhstpiam 8t ?‘55’ on AF4UTICED gﬁrr@ %s%ra%}c g'r tg %%ﬂé&ueﬁ@y biits are
avLiERIE BRABe BowRBNl AldCuplifk heRttainkmittddnat sepaptetfeequeray bands

élor "the OFDM systemif_ only _one frequency band is
using afiréquiohey; divisioaluplesqdBHYy~ bandkis Gse t?’ﬁ\/i./ﬂVY‘ﬁ‘é‘ge?haP% Sy be
. the d link an i . : f h
impE ARG B BetvotEy b, FRY R enRRc b b0 pRRRAGH®n the

oti{eF Bighuench biahd.s case, the downlink phase may be
i mpl ement ed on_one frequen ba

e L
T R e b e hot b 700, based and.
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t eCthIiGC!u.”e ?llustrates an OFDM subband structure 300 that may be used for the
OFDM system. The OFDM system has an overall system bandwidth of W MHz, which
is partitioned into N orthogonal subbands using OFDM. Each subband has a bandwidth
of W/N MHz. Of the N total subbands, only M subbands are used for data transmission,
where M < N . The remaining N—M subbands are not used and serve as guard bands
to allow the OFDM system to meet its spectral mask requirements. The M “usable”
subbands include subbands F through M+F-1.

For OFDM, the data to be transmitted on each subband is first modulated (i.e.,
syrﬁbol mapped) using a particular modulation scheme selected for use for that subband.

For the N—M unused subbands, the signal value is set to zero. For each symbol
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are described specifically for the TDD based frane

structure. [0034] FIG 3 illustrates an OFDM subband
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The OFDM system has an overal| system bandwi dth of W

MHz, which is partitioned ifhto N orthogonal subbands

usi ng OFDM Each subband has a bandw dth of WN Miz.

O the Ntotal subbands, only M subbands are used for
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bban s are t nsf or
sfiette iRy o ag r st HERIFT By BRI, foBfe) TR "o ditrrens
frétiil‘éﬂéléls &F the dR&fafrsyeEem Bahﬂb&itht Mieils vedinpddvaethalNfrequency selective
t1 me-domai n sgggl es. The duration of each transfornmed

fadipgiransassinfeprpambel yltméfrrawoﬂ% Phichpiart Rhepomesen é’ﬂ%ﬂﬁeby each
SSPRAS Y S, OB 5 i
sigisal.7 &ht 251 Idfslloranni depmadelupafaromanad by ambadtingribé abidity to correctly
ST P TS PLOGECL SR Bl e SEELELD combued
wiE NI ¥ g lﬂééhﬁg &Qiﬁlf(’t}l&fbﬂ ®r &?)r@ﬁ(ﬁﬁé 8lck@epretix 4 dabk ﬁ‘ﬁ‘ﬂsformed

channel erent equenci es of the overall
sysytel mﬁobamchmwﬂndmg OED%wranh,cmmc:h Frether trenputied:

sel uses.inter nbol nterfe e |
(s et OF P2 RS B oh Sl Aiual i Sefi o Susp orom
S}fn@ﬁ)‘?is d%geﬁdeﬁﬂaxll thCdeta réiikif‘df Hid widble$schatikg e qHe délay spread for a
synmbol s in the receive gnal. The ISl distortiaon

gigen rieaesitise rif ohpradidisrange mﬁﬁm thy earliesthand dafestoartiving signal
h e

SBFESE biesd S ST SRR o orad

forhM JRyert Eptﬁatelxpgctad potdticage deflay( qrreabﬁﬁrmm tﬁgnmalsymlthes system.

prefix to) each transforne to f
Th s phrramigt BHHESy P eh AR P orenhes it ilavsatpad
[ Oogﬁich-rﬂgnslf&ﬂ%tdh ?ﬁb&lhﬁascxcdu'rﬁloﬁr &f INC shipR- peﬂcﬁl@ where each
anount to repeat) Tor each nbol | s dependent
samipl¢ periotkhay asuratich of (1 )wviscel éEiE ofctinrpréfix Timy oedefjned to
spread_for a given transm tter is the di ffera} ce
cm%éﬁp SHEDlssr g Chrg aF’df‘@g?r s1eqted Resedi Jhifje expected delay

Ea%l; QEma v 55%1\5@ f@a)[{/ AN éﬂ{ﬂ)alhe bfeafes Mhdnt 60l to the

tr an mtter.
number of taps (L) for the impulse response of the wireless channel (i.e., Cp=L). In

this case, each OFDM symbol would include N+ Cp samples, and each symbol period

would span N +Cp sample periods.
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for the systemis the expected worst case del ay spread

for all terminals in the system To effectively
wevbatoskSl , the cyclic prefix should be | ongePCT/Hs2903/034507

the delay spread. [0038] Each transfornmed synbol has a

durati on of N sanple period8, where each sanple

period has a duration of (1/W sec. The cyclic prefix

may be defined to conprise Cp sanples, where Cp is an
Upli kmngsﬂsqggm based on the expected delay spread

0 the system 1In particular, Cp is selected to be
gr enf et (DHDND syseapus Ipilbts ardy eransmuttbré on dfe wplipk fyLthe fegpinals to
the i mpul se res onse h

allgsy the)aCC?Sﬁ oimhiabudete teanttlgtingg b i REFEOM fimg stfprore

shofwrihh £ ?ssuseﬁnﬁleﬁaé%t!h %’r??ﬁﬁél d&ﬁfttéi’@nutvmhlﬁhrﬂ@@ﬁbtl‘ﬂnﬁhe pilot
sanpl'e perl ods.
8{) np p WO 2004/ 040827 PCT/ US2003/ 034507 .8

seddpdnit nkitPassigned slahsTpicalbh eﬁ@ﬂsm]nnﬂﬁf%wsm wiilohin all M

| o et r tted,on e
useﬁ)(]je L&q%ﬁr&{ﬁ, g@ingggsrg% Py Tfélg tdlv ma‘% halgl%\aft 1?15 AL point to
estﬁﬁﬁ@ N upinflk Q:Hﬁ‘m_gp@es-f)@l\/éd‘ ﬁ@ﬁ&s dHer exttirel nBablsl’ttamd i Altﬁ(bl@h this
I's used, then each termnal can transmt jts

upbnk pidot Itllﬁn%fhléﬂpn sefiemesie gHEFH Veoit 1$ #150 HEEIGHI S TSP atfglahveli-‘/ large
t
frag%f(? R;iatlhﬁ g‘gbﬁ%?ﬁ % dﬁs@gsr?grfﬁf‘ﬁlgﬂt teinbiRsieRs bkl RChS tetdinals.

ull transmt” power.
ThEilst vepeledtstfogall abﬁw»tdrﬂnmaéscmeg sopiistt a fasge &eetiareelethe uplink
the uplink channel response across the entire usable
phpsgnd. Alt hough this uplink pilot transm ssion schene

IS el L6 l!le\é ecl're Bfovll&dallle?ﬁn'tﬂ ehdrb GFfdéntBi t&RnAt pilot on the uplink
relatrve fraction of the uplink phase may.

in tecOFDRE syptethTct baeffertive Dpidotiiangmissign seheana rseds Fpa‘tpesgemgned

ilot s ts for all actlv
su%ﬁﬁf pceprate Elgqn&gl s.tlg%attefs X nol%e ?qqaﬁe& ﬁ)lr %&?Lﬁase){mfmal based on
thd ﬁgli‘rﬂd ﬁ!&ira%ﬁﬁsﬁoﬁ\/ﬂr&ﬁdh@ erRiinal.t Glowever, éf hascbeentdlgpovered that
nsm t lot on the uplink jin the OF

thcb quaity of thw@anaelmsnmatqs & gERRT3lY éﬁe%lﬁeﬁggy ﬁéﬁ‘e&& rﬂe&e{% of the
p1g>g l?eﬁZlbanft &S hec%fﬂ:%tof %ﬁecgﬁ(?tttﬁn%ﬁ%%g sciRid. MRlceDtl @ﬂotbéhergy is

activ erm na ased on the upl
eqRbl t8thd trARERD p‘sﬁve@ nsdd fomttichsildt emriiplad. bmq;\,gmrduratwnmghe pilot
qbeen di scovered that the quality of the channel
traspisiles is general |y determined by the total energy

of tRe - Rd@tnd rﬁﬁaf‘ @é’tﬁﬁaﬁé‘%éyhfe Sigged Fsishotntilaisphlt Gand based

transm ssion schene. The total pilot energy is equal
oit pildthendmiasiembh oplyvisubbseds, Wherethis sglectsd sheh tapCped syM and

the time duration of the pilot transm.ss
A AN s e TP GO reRings 1 dpscrbed n
o Bl RSR pa R akedoarsame o i, US
Pﬁ)chﬂlﬁU Patent Application Serial No. 60/422,362, and U.S. Patent Application
Serial No. [Attorney Docket No. 020718]. In fact, it can be shown that if the total
energy used for pilot transmission on the S subbands is equal to the total energy used for
pilot transmission on all M subbands, then it is possible to accurately interpolate the
channel response for the other M —S subbands based on the pilot transmission on the S
subbands using the channel estimation technique above. In other words, if the total pilot
energy is the same, then the interpolated channel response for the M —S subbands

would typically have the same quality (e.g., the same average mean squared error) as

the channel estimate obtained based on pilot transmission on all M subbands.
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[0043]

[0044]

[0045]

[0046]

is typically much |l ess than M One such channe
estimation technique is described in the
w@bt@nesset i oned US. Provisional Patent Appli cap¢DmS2003/034507
Serial No. 60/422,638, US. Provisional Patent
Application Serial No. 60/422,362, and U.S. Patent
Application Serial No. [Attorney Docket No. 020718].
In fact, it can be shown that if the total energy
us edubbindpibldlekingnaay bs used twmlkolwen@t@ﬂo@anmalﬂ t9 tesgpomit pilot

snltalﬁpatng;\éstbgfgglntgg nuepﬁlg%nu ed ! qﬁq_:}glgt %baq%%gﬁ mﬁ)}%}i{né 2" usable
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al | bbands. WD 2004/ 040827 PCT/ US2003/ 034507 9

pﬂf’ggﬁlﬁnu&%rﬂand nul tipl exi ng may be used to allow

mul trh PAr ehaB6dTine A, %atlp gkdunaielidepid eibbasdsyulticanedugMy/Q | and
on the uplink. To i npl enment subband nul ti pl exi ng, the
s Mays abhae g ugbaeﬂ&emme heompapdrator.orthe numhier @fdsubpandstin each
groups of subbands such that each usable subband
grappetaguid be eqmﬂ yo ongregteptlpn the @iayaﬂpread'ﬂqe sttt dhepelfapss of ISI

i ncl ude t ane or different ers ubbands

cag by npifgate HEOT ?FCB%%C%HB% ﬁﬁ{"ﬁ%b"én 8% OP Sty or :
non-yeh fPikiated 88 EmBUaRsEnRGf @b DRI pYlodsabdiere 400 that may be
subbands. It is also not necessary to use all

M
ussdiboaritie OHDMheygegr @uqbswbnch esuppeisresublgng Bdiplesngs In this
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seb HRRANGSQ cHRRESRI Ve subszdé Qbe @dlbbﬁlds in Qi):h, setdxerassigndd to the Q

J" denotes the floor operator. The nunber Qf sybbands
erorpsosich thay - BhBIPAbE sagnfettis o7sarbi Bie tilagioiRe The S
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d e nbre accurate chanhel estimate can be
s&bhlﬁismuch ('1)16)14ét:]onie'lecﬁhv@r subbHauds imathesganp end setianased b(?JfQ anbbands.

OFDM pi | o tru 4 used for
Tig-Bhe P b 8l sauhecH Spisthp <PE DL BEHRE PP Pyl frgmmers, and
thiﬁs%fhﬁlth@@péﬁé'dfﬁﬁgmv&ﬁ%n'\ﬂ usabl e subbands are

initially divided into S disjoint sets, with each

i ncl Tk Agzraupsafsethandy mayistrseigacd trHep 1 Q tsminrisfor r1‘1?>lemk pilot
tr?en%%:%ssi%{)bgﬁ% ? SSLI%‘P Woutlc? tﬁerﬁetrglsn%{ ﬁlgp@ '{bﬁlhltg Q%&gntehesubbands.

hCECh Set 16 assi gn
WattoBbantBulplesitphap asQiterngiasip ngayczunulmabmly tremsnfiepilots on the
uni formy distributed across the M u subbang ded
uplinkron pato Mowadle sebRaadsybhisiran eretly ﬁ meynt of ime neede

for %Bﬁﬁl@{)ﬁgt tMsRsSighbands.

To allow the access point to obtain high quality channel estimates, each terminal
may increase the transmit power per subband by a factor of Q. This would result in the
total pilot energy for the pilot transmission on the S assigned subbands to be the same as
if all M subbands were used for pilot transmission. The same total pilot energy would

allow the access point to estimate the channel response of the entire usable band based
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[0048]

[0049]

[0050]

The M subbands may al so be distributed to the Q groups
in some other manners, and this is within the scope
wotothesenvention. [0045] The Q groups of subbBEIOESI083/034507
be assigned to up to Qterninals for uplink pilot
transm ssion. Each termi nall8wuld then transmt the
pilot on its assigned subbands. Wth subband
mul tiplexing, up to Qtermnals may sinultaneously
ontd ButSEi bf fHel Mt ssable fubbandspivithKitde onmot lossvinuguaite, as described
subbands. This can greatly reduce the anmount of tine
bele¥aded for uplink pilot transnission. [0046] To allow
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uNHObands. Mehe URNIEE. fiHlesPithiBé flefadiefibaaliohavelideal Sﬁnﬁmt power

total pilot energy would allow the access point
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usé@&btgtqﬂinkqn]as trafdihibsidn eizdml it -t}ﬂ: pamidHzNInd- tgtal Phwseconstraiats are
frequency bands haye tot nsm t

1m,p@§qc} PR LRhnterginal 71 Eﬁrﬂcg ed%cgn%obmﬁ\g?ew subbands within
gfcfug% bOnSxitatedy 1 MHENEed Zachctgﬁfn?(&lzcan RSpeRthy ﬁ‘ﬂ)lj/hk pilot on

wer-constraints per term nal nay be sel ected
alb&swhbands assigaed tovieatta povasmee sHbarGPhHP §Bffb eng gigll apige By the per

M PR g, T 40 P PSR BEAE R AR ol then be

eqRAFth P ABEBm| MRf8lis IfRotinting e@imw@bw@mc@s 4 BV e to the
such that full transmt power may be wused for up Il&;e
1 M{Dtspamlqufn gericon), BpaperiNHe addetal pryen fonstiaing chremet by

nstral nL
aP;S’a?H‘?aé%f'fcg ng ?Sflo?%%yg%zv@{jn rg?@ m&e%sérﬁgq@ht t(J)glrQ]ggz Wit hin
eac hdfaf Ukenfpl @) POPRIMIBE@teyn, 1thivHeystdnh ebandaddtht &r iVrra20 MHz

can transmit the uplink pilot on all gqs bb h
Ners5Gnel Mo=224 a(Thg plb% strSelprsaneluths B et with eac
still i de i B
SrDap AP RRBRCH A S p SR RS BUBEANAL Gol & of i 4 usable
su?/)vg s they E’e used qgﬁﬂlltdﬂ@b@sﬂ‘y for u@ﬁﬂk ?/l_lzﬂlﬁdrﬁhﬁssﬁﬂlwﬁid the) rdthaining 8
e

Bm since S = Wdue to th spacing. In
subbramdseare notheeger MHz and total power constraints can

be nFnt gebn\éral, the amount of transmit power that may be used for each subband in
each group is dependent on various factors such as (1) the per MHz and total power
constraints and (2) the distribution of the subbands in each group. The terminals may
transmit the uplink pilot at full power even if the spacing between the subbands is not
uniform and/or is less than 1 MHz. The specific amounts of power to use for the
subbands would then be determined based on the distribution of the subbands among
the Q groups. For simplicity, the S subbands in each group are assumed to be uniformly

spaced and separated by the required minimum spacing (e.g., at least 1 MHz).
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appropriate scaling as long as S > W where Wis given
inunits of MHz. [0049] In an exenplary OFDM system

W0 b@4oyseem bandwi dth is W= 20 MHz , N = 256PCHIS20N/634507
224. The OFDM pil ot structure includes Q =12 groups,
with each group includingld =18 subbands. For this
pilot structure, 216 of the 224 usable subbands may
be used simultaneously for uplink pilot transm ssion
andFIGes5 ieadlow dggBm sfibbanmbodiament wbta preeass SPOFGOransgitting

uplfiy Pk wstgﬁﬁ 5@%35 rinCiglr o PGCb g PR "GoHERE ace
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[0054]

n%x%ﬁ?c‘df NGibb&hdg - is @&1?1&?% edclVigdve WonZQ0460 408K pilot
034507 11 [0051] FIG 5 is a flow diagram

tramﬁfrm&ﬁom l(mcmlﬁ Honil h@fSU@bapd @@segtyn@m@n&yobe detefrapgd atjcal setup or at
[ i.nk m pl I
a l?tﬁﬁtlmeuglé% 31‘}5%%}?25 tgrg par '"Al F@?r% | ﬁte%b lt sl?/% rapsmits

‘p1191r QHBR ?fml@ sRRandsEncs klﬂﬂ)aﬁds?()stepm Badht tetrhinal mgy aﬂag scale up

be performed once based on the expecte !ﬂgl oadi n

thet treanMOWStué?ﬁ Tox) WRIMRpHG) PRSI, i 489 AmSH S ransmit
pogﬁgﬁl ed. (fi(yr Qﬂ‘gbcsﬁlb{)%dpg&hg tde@%ﬂle\ﬁhﬁé"s@éf n ﬁﬁr%ﬁ'ﬂ)‘iﬁcﬁaﬁrs noted

he syst em T oadi For exanple, fewer
ab@¥eQu IIIihe nmimbﬁ of athupxdmr tIO| gslmt fayesick mubbald (argeagh gzroup of

oo S, e 0 ThE bt PSR AL R aone
W@]oggg I LibwaRd ??%nng?lt' s satisfied for each group. [0052]

group o pbands is assigned to each active
t er rMitreadccéss poinp tacnk/ep iplink pilat drassmisgioan rosy alhactivg ferminals on

allg}g%asil Eeg%F ﬂpﬁ[ %&ﬁgg%gepb%%i ?’Sﬁ%a c%gssaﬁongtﬁthén ﬁ%Eéers the
rede@Vdd §ghal tbrh%'teﬁﬂfpﬁﬁbubb@ﬂ@ RhiglelMen@haterfanshd twbbapdd edsigned to
on the uplink on'its assigned subbands st &EP
eaaaemeetpmnmah (stemy>34)- sgor‘s@%ﬂheacupse tqrFEnaly ﬁ§ linﬁlz)s ate for the
n.tj e{lﬁ?? b I?A m 5 tﬂéﬂ 108 HaSeH g@ thdMpE g ibén @ FRakHe! @btimate

use for each subband“bei ng determ ned
obbaaﬁ&ﬁ fénthe hasmgﬂerd subbaihdsc (steps 539t eThe abanne] eTfmatgrfou the entire

of transmt power to use for eaépf‘é ubba drbéi %R%e?gogctggsusable

usghle Lprngs may (shderHPd nEgm aihe Fhgan
suBBAdHs u@irﬁ% vahgnakathidiRs! hﬁletsﬁ&l{r@:}{h%heledsﬁﬂﬁt1on technique is described

in the aforementioned US. Provisional Patent Application Serial No. 60/422,638, US.
Provisional Patent Application Serial No. 60/422,362, and U.S. Patent Application
Serial No. [Attorney Docket No. 020718]. The channel estimate for the entire usable
band may also be derived by interpolating the per-subband channel estimate for a subset
of the usable subbands.

For each active terminal, the channel estimate for the entire usable band may
thereafter be used for downlink and/or uplink data transmission to/from the terminal

(step 538). The uplink pilot transmission and channel estimation are typically
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wi th the subband assignnment. [0053] The access point
receives uplink pilot transm ssions fromall active
wao esopiosks on  all or a subset of the M usabl epGDRZINE34507
(step 532). The access point then processes the
recei ved signal to obtain gér-subband channel estinmate
for the subbands assigned to each active term na
(step 534). For each active term nal, the channe
conﬁﬁﬁéll’gﬁb@rféﬂedt fgingea dofrenuisaition dessich napbtaire mphe-date channel
derived based on the per-subband channel estinmate
fmﬁcbmﬁlned for the aSS|gned subbands (step 536). The
t [ |.g. band may be
der e 0 éj%p&% ah% ﬁg‘ﬁ%&? H%%?ig'subset of the
usabl e subbands u3|ng various techni ques. One such
chaprel] ogstamat i on technique is described in thEq(1)
af orementi oned US. Provisional Patent Application
Serial No. 60/422,638, US. Provisional Patent
Appivhezt irois asecﬁoawﬂlw erﬁgmfm thpsymbeltrecsived pyihg A subbands;

Application Serial or ne cket .No, O %
The Xc A HeFtos YR %ntﬂ%% hfiﬂ ol GaRENES R Fh Aagubbands
al so be derive by i.nt ng the per-subband

channel g%?? %ngpugc gﬁﬁ)of t he usabl e subbands.

[ 003#]is BRT (@RHNvEESr f6f tﬁeeélfﬂhﬂ@ frec{l;lhﬁcy:fba potst bestdenahe access
for The entire usabl e band may ereafter be used for

downl i nk paindand tepinabk data transm ssion to/fromthe
éﬁ&;&%%m}‘di&é&n?% a@ﬁlgfa&?%f?g%%ﬁér%%&ﬁm%éﬁ%da and
PCT 03 - ,
connﬂnl%%?F@né§0é§¥gﬂﬂf@%§%$aﬁn ﬁ% ﬁ{&ghgégdﬁgghmgﬁaﬂw -th

esti mat egjend}Pepl i B pi'@cﬂﬂ of e iaNclchioMssy & ad BBy be

expressed as: r=Hox+n", Eq(1l) where r |s a vector

with Nentries far thesrrbolarecelve the N
Thga@@srwssasswn%t%la\vx%é?re FRERIREHMFE Tor ¢ he

rmy ”ﬁ@ﬁ §g}u %[5%8(1 etag'?aéﬂ(v%"f&%i?ﬁ%angrﬁﬁ lc?c'btnrlts@asmgned

vect or

subHHAB0 Bhrif g BRURIDE ranstiipons mtdredlnekie ttdmematadqs]@t fqmqacn terminal
and termnal; nis an additive white Ga SSI&&NQQISG

meyAgigpoteddyom (X1 restol Xubbighdacludgsd PiicssyRaelgPegachpf the S

B S BLENL L  ROAE S PC poRpe io

syglj?af(gand Fbgﬁ%ghglf rl%'b%r?d Hla&%eaé&)&‘&‘é‘gd ho Ihaw%vff,emeﬁeﬁn is the

pilot symbol transmitted on the j-th subband by terminal i.

A per-subband channel estimate ﬂ:ﬂm for terminal i may be expressed as:

i =r,/x,=H,+n,/% , Eq ()

where H,  is an (Sx1) vector and a,/b, =[a, /b, ... as /b]", which includes ratios

for the S subbands assigned to terminal i. The per-subband channel estimate

A_meas

H™ may be determined by the access point for terminal i based on the

received and transmitted pilot symbols for each of the S subbands assigned to
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[0056] Wth subband nultipl exing, each active term na
transmts pilot on its S assigned subbands during the
wW@eRioen48eANnsmM ssion interval. The transm tted ptT/082008034507
each termnal may be denoted by an (N x 1) vector xi,

whi ch includes a pilot synddl for each of the S
assi gned subbands and zeros for all other subbands.
The transmt power for the pilot synbol for each

aSSI Qx?ergugag bﬁﬁ?ﬁ)eggx be e n%% %&ﬂn?t? £W is tﬁgé 1ndlc‘ﬁﬁ€é 6f the

ransm on t
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chahiie or term nal e expressed
as: AnHesEnstd far IH Xin=¢duition X1) ma&qbe( zptmm from theeppg—aubband

an (Sx |) vector and ai / bi =[al | b, ... as | bs
t R$heSusH RRARMGe, a8 Sodesbove,

Ch%ngel mﬁ%%%aw Lﬁ% %S%?Fb@%d%}gﬁ(ﬂ{jschaﬁnel estlfr%a?e ness
is HbscHBYd be detLoreadody Use I&Gﬁ@ﬁ)ﬁalpﬁatﬁht fApplitasioni Bexiial No.

602D 638,050 Groviiont Biem ARIICHE SHE | %%Eéégéy SHJRSy Patent
T
ADBHIST SRR R ANoat ejﬁ’#ﬁ*ﬁ%ﬁ@%’é’wéﬁ T e cative of

t heyr AhRnebaridsensiesayfor dsponaenfssiont(ee.niMia N), it ean bhghown
S assi gned subbands 0058] An es i mat e f
thaé@mme@n Quyen oIy e BT e gt SLriBEh fased on pilot
chan 3 t L REEhARNE REcritRE hA it gBreniditioned
tragsn% é}? ﬁ&nllng &gfs)anrﬁlgﬁéglggﬁove i%ilﬁs decscrl bed in the
USafroerntl (Patedt UspliBatiooni SenalaNoPLOR2.088pIUS ali‘rpbslﬁlonal Patent

i i SAEREED: 18 B T Sy avomey
Dd[%ggcégfft‘%sz?i‘sls]ﬁ@ i cBdantiQss the MISH foe Yheeakind] ebiomat® 20%1iRid. based on

a N subbands are used for data
pilbt marsmissiimoon ¢li Nesubbawds; ifghe fpllowing cerdisiapy#ie sitisied: he
mean square error (MSE) for the channel estimate
obt di ned Gireed SGNCpiadndtS 2 ansni ssi on on onI y S
subbands usi ng the techn%giue descri bed
C

af or%rrentUmfﬁEdl digigibutemy of Hieoh s#bbead:it eaﬁ\ﬁ ﬁF‘?“{?aa(CF%gﬁ the N total
Seri al 3§( %d638 US. Provisional Patent
Appl i cat| BROEET No. 60/422,362, and U. S. Patent

Appl3. cat | S¥d tifetkardmit\wwek Adrteacin eﬁlthe[ﬁ)mgned\@llﬂ)ggrpg Bigher than
is the sane as the MSE for the chan esti mate

obt ai ned tbggwamtraqgnmtdqower dns FEHES 'i’FlBW all N

subbands, if the follow ng conditions are satisfied:

1. q‘}%oﬁ)?alstrﬁlsf;ﬁ’t BéWerSthat médY;be used for transmission by a terminal is

normally constrained by the lesser of (1) the total transmit power Py, of the terminal

(which may be limited by the terminal’s power amplifier) and (2) the total power

constraint P-W of the operating band. The average transmit power P, is then equal
to the smaller of P /N and P-W/N. For example, P, =P-W/N if the total

transmit power that may be used by the terminal is limited by regulatory constraints

If only a subset of the N total subbands is used for data transmission (i.e.,
M<N), which is the case if some subbands are used for guard bands, then the
minimum mean square error (MMSE) is only attained if S=M. However, it has been
found in the aforementioned US. Provisional Patent Application Serial No. 60/422,638,
US. Provisional Patent Application Serial No. 60/422,362, and U.S. Patent Application



[0062]

[0063]

2. Uniformdistribution of the S subbands in each
group across the N total subbands; and. 3. Set the
wo candmise7 power for each of the S assigned N /PEI/UBI83034507
hi gher than the average transmt power Pavg defi ned
bel ow. [0060] The total tratkmit power that may be
used for transmssion by a termnal is normally
constrained by the lesser of (1) the total transmt
Sefifies. [Bttofrey Dadcket o 162071 8lahat if B ChCpaitebthel NBE isdodwyto the
the termnal's power anplifier) and (2) the total
MMS¥er Heoemsfor dhartcage iniwbicht Res &ﬂp@N’it‘i AgVIBENS. mittyaized for the

average transmt . power Pavg. is then. equal .tQt .
ehgife] Paimisp “Hioncd BN ahcp It i RcRap T cpbhd) elbbadyy if the
folfowing ¥¥rditbrsfaré Bistied:al transmt power that may be

used by the termnal is |[imted by regulatory

congtrai ghg,{096Y 1 ¢f 08lyy> gvsubset of the N total
subbands 1's used for c?ata transm ssion (i.e., M<N

). ehi chUmsforhey aR&utd tHRoSBubbaNdand sadh @roigestrbBrthe M data
guard bands, then the m ninum nean square error

( MVBE) i subhings;apdained if S = M However, it has been

found in & | : v g i
oo car SShEESHALFIRRN 8550545 o0 YAREL GRS e
Pat ent AFhP%Heﬁ tHah @i HRFAgaltrablomit o2 2, 3dedcritsdthbbveS.
Pat ent Applicati on WO 2004/ 040827 PCI17 US2003/ 034507
14 Serial No. [Attorney Docket No. 020718] that if S =
Uplink SignalheTtdsnlifion s cl ose to the MVSE. Hence, for
. the case in which S<_ M< N, the MSEis mnimzed for
t he In oteay rvérelesstsystems, thd teaininads Hay agedio sgnd signaling information

onbE APPSR O 0 tholy g5 SERRR, kil by BT seform he

acdbks pdint biNtheahte(sy t6lusd for dotvalihlh@atd teuHBREIDS, dend adlaldwledgment

group across the Mdata subbands; and 3. Set the .
for; yegeiyed tatp pekets.ndsgam. ofhe signabingsiafoymaton Lpicaty Sorpprises a

g ARt P P IR, WoRAT i e on

redubaribasiy. W r el ess systens, the termnals nmay need to

send signaling informatjon on the uplink.to the .

20048 SO SHISTIgALeOSERE| BIoTHRGOD AP PRAIa0 Py roRthe gplink to
indi &40 TP (hfR8haREEES uRI AlthO HoWHEnK B 86&) off Ghelb? @ndr®kransmission

downl i nk data tTransm ssion, send acknow edgment for
chargels. vEathdmamsnpsside clsnnelnday oomespoiith¢o gisgatedl isplpchannel (i.e., an

B RAERAOR TRl BBl SRR, RIS ML ©'apne o
frdg@&fyducldingl in an OFDM system, a time slot in a TDD system, and so on.
Each terminal may estimate the downlink channel and determine the maximum rate that
may be supported by each of the transmission channels. Rate control information for
the transmission channels may then be sent back to the access point and used to
determine the rate for downlink data transmission to the terminal. The rate control
information may be in the form of one or more rate codes, each of which may be
mapped to a specific combination of code rate, modulation scheme, and so on.
Alternatively, the rate control information may be provided in some other form (e.g., the
received SNR for each transmission channel). In any case, the rate control information
for each transmission channel may comprise 3 to 4 bits, and the rate control information

for all transmission channels may comprise a total of 15 bits.



[0064]

[0065]

[0066]

[0067]

[0068]

regul ar basis. [0063] In sone systens, rate control
informati on may need to be sent on the uplink to
w0 paitoase’ t he rate that may be used on the downdT/nR20086034507
each of one or nore transmi ssion channels. Each
transm ssi on channel may cod?espond to a spati al
subchannel (i.e., an eigennode) in a nultiple-input
mul ti pl e-out put (M M) system a subband or freguency
s ubsamoeter ieraraple Cbtilhalyrsspense o frequeney ealeqtivity imfopnation may
system and n, _Each term nal,my estinpate the
g i P RO ARAK i eceess L £ HES R e e for the
chaéﬁ;itéé klg%p%;ﬁ%)%_t ﬁ‘éqwcfas%tkcﬁtityt hefdrmanedrisgy G abnbeltson the

rol information for the transm ssion
grafvdarite b thedyformetiotbeeis@sant (sad kevedy suhband s syeryorhsubhpnd)-

used.to . determne the. rate f.or_d [ . o .
tr agrsel‘i‘ﬁ%‘_ P%h 2% 2 ﬂe?rt‘)&dﬁﬁ &%‘%Fe.lg e&\gg% g?%%%ﬁir}gltmnSMt signaling

infoRh Qs bh Ofe MYinREini the tOEDIOEYSIah. OTie MM usBisle subbands may be
codes, each of which may be mapped to a specific

padiiivined #th amupibec 08 Q v disintrasdupsatinere eschapble spgardappears in
on. Alternatively, the rate contraol i nforrra:e('i:i n nae ¢
onfieonsy gipuBeid 2t Alls dhe Qi IFEUDs 573y peluge the fane erglifiprgaignumber o

R for_each t.ransmn ssi channel,) . | .
bRt oI PP RS0 v R ion may
beCihRNAGle HRMiffeRdm I irSa tBe tg@odbhbg‘ b8 theanshbldreubtahés éandplimk pilot
information for all transm ssion _channels, nn

trapsmpssiose Each egtitand gropp gyt be allpepted tmermiganinal %r uplink signaling
traglﬁcé/%']shsjlgq%p &g@g@f‘ét%mnlﬁ né u?ﬁﬂsn@?si?@?h@ %foﬁﬁﬁw &multaneously on

nse or fr ency se vity 1 nformation
thelyssigie@dublsande reported back to the access point. The

nunmber of bits re _uirf.d for th_e ha n]gl .re on%% or.. .
f r eqtiénese 96is8ked Wt}ﬂlﬁxét}%rﬁ? SERE HRY™ e“%f‘@fi dERTngHPn may
prBOiﬁe ﬁﬁg@%gﬂ{ hy BEcdube of MeOtelRVERNaRR dila-880ing @aghcity of an

every s or every n-th subband). [0065]
OFBdhsjmbels itmay dlesextprmely thetfidientdoraliogatarantire OFDM symbols to

efficiently transmt signalin i nformation gn t
acliye it‘ﬁﬂmﬁlzﬂs %’ﬂ@n @‘Eﬁﬂ/lassﬂahlewouﬂ]ﬁ g’f I\(/1a s%%el_r&gt% u 5 bsgﬁtd sﬂsr;ltral§ subband
mBRipldxdid. | thi OAGHLIrNHP sabikuad elllobdte@RodeshOndtivegtepmfiil may be
whére each usabl e subband appears in only one group,

canfimensugdt¢ wititite gRowntof gaia ) npeds|toBe s¢He sane or
di f ferent .nunber. . S ' 0 :
TS ShafEnaEsyda b7 RRRES mulifedhO LN e Biveh eater if the
trintih owaimped rsublbdniletseticrebsaainby hihe giuanimir ngf tfrmirtads multiplexed
usabl e, subbands for uplink _pilaot transm ssion. E %h d 1d
togefberaryihisy B ﬁ?@?ﬁ;}l%méﬂfﬁgc é‘ﬁ’é&“glaﬂéﬁé‘s%rﬂﬂwﬁa Pk gipband wou
redit i ﬁigt%laﬂ%lafvﬁa SNE %?ﬁl@] avesss E)oirMJ{V‘hidBl Rol18 A3 dppoffay higher

ransmt signaling information simultaneously on™"
otdeemodalssoy pebgneu Hiasnesuld[i0 066 Jalldwenorsealatf orsinfisaation bits to be

trgﬁjslngi{tg %)I‘(li ga%ht s%b%grp£ %J[eirr?a%ivgfyg régclz}il rt]cgniirrllz{lorrng?tbieo%s&ﬁgd fewer
subbands so that more terminals may be multiplexed together in the same time interval.
The fewer subbands can provide the requisite data-carrying capacity if a higher order
modulation scheme is used.

Subband multiplexing may also be used for the transmission of acknowledgment
on the uplink. For some systems, an acknowledgment may need to be sent by the
receiver to acknowledge correct or erroneous detection of each packet received by the

receiver. Improved system efficiency may be achieved by reducing the granularity of



[0069]

[0070]

[0071]

[0072]

provi de various benefits. Because of the relatively

| arge data-carrying capacity of an OFDM synbol, it
woreap4loeosextrenmely inefficient to all ocate entiPEr/OFDN/034507

synbols to active termnals when only a small anount

of data needs to be sent. Uing subband multiplexing,

t he nunber of subbands all ocated to each active

termnal may be comrensurate with the anmount of data
thet M@t ativmesaetqurdee foeatknofWRASTEnTansERsHYE.eprbyAsgigringy group

subband nul ti pl exi e .even. great if the
of gubhargs;ipst renHET Sgp%g\wgoql 30 F%@%@%@gﬁ‘b; t he nunber
of §GE M RRhE lofndbl_ttﬁi 1B|hs%ﬁ@ dor AX@6WNREMeNt Ray differ S@fEterminal to

time Interval. e higher transmit power per subband

teriminsl dind rabssufromi frathe ¢h damee cBiiy ¢4 bemsa paghhermpab iically only
poi n{ , i.ch woul d then su r.t hj .

sofigaakiay nemerere pornra el i fs CdEfoigf MEC frapg, and the

nuﬂﬂ)gﬂbé‘ff B et 1Bidash tedmbRl cirl aiffeiiabiond teymiaals fand over time. In
S

ubband. Alternatively, each term nal may be assil%ned

cofiteasethe s ed datsdo sengtfontgicecaniiohiends © bragofseronstant.
mul tj pl exed 1 oget ' f i ; - <sion of
Tonch BRI SFELISL AL 06 BB L BB b flfiin o

vafi@naahdoyinisfofasigtiatihg (e.0) deinowimtimbeat) amosg haive teignipaled.In one
[ 0068] Subband mul ti pl exing. rmg .al so be usetﬂ for,.the

scharamshe 3% bl sukbherdoneauiaied B9 3 RRMOR] Phia ifomt groups.
sonme systens, ~an acknow ed t may nged to.be se Y.

Then@  SFPSi 0@} IRchrdgclR SHPE &3 Filteretynie o ?“é’ﬁ’a%dass achactive
detection,of each.pac recej y i

oS5 SRR ISR RS Yt FoF Bfoimen

trdnB@isgioan U thisyschém¥\Oh2 Rbor 08 2abHaaT¢ LIS2OEE/t1034S0Fn terminal
16 the allocation of resources for acknow edgnment

may brepeiioan t hesnumbsy ohBAGKGHISHY 13 thf tSEpin of ~subbands

! nsg[g%q?%fer g&gh{eeeagﬁ%iw EhAlnal & KGHed 8FXed@lunber of subbands

] e 0

~[00 anount ata to send for acknow edgnment
formaykrbvlédymdnt aransmissional Howevere thd maddulationagobeme rused by each

frane to frane.. This .is be e each term .
(EBRCI 19 BT DL SRBLCeATOR] B 41 BARaL gpdions. For 2
reéigﬁnghlv e ah1 t NBerEY r8Bt ddwrdlk MAC dplaike aredMgiiecorrelated, the

ntinber

of packets sent to each term nal can diff_Fr
tranvmiRgicnerapheititssofithe dovatink japg uplink ageoralgtadt Thugdf more packets

t . of t nd. for.
R T

coalltmat ;e ubbange dhanndlonditions aas reupporonho firansmissiedn|o more

amounts of signalin e.qg., acknow e t) .a ) .
inferwiaien (e AP PR 01T tivER RGO MUEE: MDA G Sbating a fixed
nlgrh‘t?e*?%[ﬁ gﬁbt%hﬁs %iéatch L QNEErhiRbCoR aNBWREY theimEdhi4lionite addpt based

roups. e groups may I nclude the sane or
ortihkfcasmarl condithars, mbresackivawigdgmentdiits aeayi hessent wher pegded.

ggi n%&ﬁsg%é%{&ﬁgg agsigna}rrlén?% %ulﬁ)%rﬂgs? fo ggtivse%gpn?irr]lgl%, {H8"subbands may
be arranged into groups, and the terminals may be assigned groups of subbands instead
of individual subbands. In general, each group may include any number of subbands,
depending on the desired granularity for the subband assignment. As an example, 37
groups of subbands may be formed, with each group including 6 subbands. A given
terminal may then be assigned any number of subband groups, depending on its data

requirement.



transm ssion. For this scheme, the nunber of subbands
assigned to a given termnal may be proportional to
wao b@4nusber of packets sent to the term nal. [POWU$H20031034507

anot her schene, each active termnal is assigned a

fi xed nunber of subbands fdf acknow edgnent

transm ssion. However, the nodul ati on schene used by

each termnal is not fixed, but can be sel ected based
[0073] on t]Fm am»nciﬁlc OUPM tsysinw. dgsdgn, sbetyveest rlﬁ@cfaid 2fthbits may be

BB ARUBH R D BB B i

raHpd bf‘&t%t%s h€hidd @Bhievdiligndet theicempPacK eias higrp tRfsnsepbwer is
on the downlink within a given time period because o

usedfpoeast sshandewith gebhsing ingndplexingn Etaﬁ]é of #le3 T peltharg groups for
th]%ﬁn%.}l;x{g;lﬁ E §?q ggg\Peo{rntr%ttng BE ‘%@é&“tc? ss%f?&‘ 1‘36/3‘7%92000/37 bits for

adkﬁbﬁ[e‘dghlent'gh dépenbiihgadi mbadhaﬁgelaccfnd)tﬁﬁhs rTlImise ltheoﬁxed number of
subbands to each active term nal but all ow n

subbardsath g1ach oZiedRpMAale rbloiot FNd: RarfAERD] Eo\%‘HP{;firng bitsfor

TSP oA T A e o

clephelwendieions.nal s, the subbands may be arranged into

grou and the termn be si gned s of
ooy e b Sh o T 4R e b Rl o ve
m%ﬁﬁahn&f BUfhe B¥nel l'é‘}éluﬁjsefcﬁ‘r&étd"tfﬁ'ﬁ)s@rhséi’(ﬁn S utypAB@sation may arise, for
depending on the desired granularity for the subband

exempileyrifrelh of thagisalle exzhapdiseare aﬂoca@dﬁ@pﬁsﬂwle sapbrad Eoﬁwef when

thgleélfé an grl}?]\\’/\ﬁﬁgg)w%g;g%t% 8%‘}'}@1@ ncca ghggth% ?&ﬁﬁ’%ﬁgﬁt it is also
cSHRpaidingy dowes. dRReQEHDM s ﬁhbblssmﬁiyiﬁ)a adeqapie Ifejrrwkhowlé@gment
2004/ 040827 PCT/ US2003/ 034507 17 [0073] For a

dagp e 4} expestef rapeekeAndEdialons- bet ween 150 and 2000 bits
[oo7s5] MY Rfan LIE&H:E‘(W(% %f;&%l% Mkl n&%{ﬁﬂg&oﬁ% %elfltoﬂor% %ﬁﬁ‘ Qﬁhﬂé packet

rates suppor e syste range of
datat esiditional Ma;ania'ydmtanbmm&d dor thheclassdeggmen datadf it needs to wait
hi gher trans for, each bband . wit.h
o AR b, Pl gt ERK o 1 4 eGb AERY TORIFRLS, then the
aliQowlddigheR¥ aTR! ﬁag%%%htb%ﬂh %@&Yﬁal‘l@ymt A8 sufk8dhé @mount of
send 150/ 37 to 2000/ 37 bits for acknow edgnents,
ackepwieignenb data lie typheatiysmabomdiwilldikely fih i thet paddinig,pegtion of an

subbands in each group nay be able to send
ugh‘gg‘?art%@?& ®hunber of bits for acknow edgment,

[0076] dependi@thndthel Behendd, Acle® nf B4ta S Sent \WUn@hwitin tHelmte control
depends on the channel conditions. [0074] There
infermationanbresSiokB b suRkands asrigned tpoReh apiare EpPah fpr Thte control

t2ESEHSsi b0 nf §h (F$ éa?érrkﬁa?a 3&%@»@% h&\’leflgat?r?eeﬁ&f todRh& the rate

ransm ssi S situatl arise
control information. In this case, the acknowledgment data may be sent in the excess

data-carrying capacity of the subbands allocated for rate control.
[0077] When subband multiplexing is used for transmission of signaling information on
the uplink, the access point can process the received signal to individually recover the

signaling (e.g., rate control and acknowledgment) sent by each terminal.



exanple, if all of the usable subbands are allocated
to a single termnal. However when the subbands have

wO owe4ad2t a- carryi ng capacity, the requirenentPONUS1003/634507

[0078]

al so correspondingly | ower. Two OFDM synbol s may be
adequat e for acknow edgnent !#ata for all expected
channel configurations. [0075] In an alternative
schenme, acknow edgnent data is sent along with uplink
packet data. Additional delay may be incurred for the
KnQ it for packet
% ‘%‘r u&?&fuﬂc@fwltfl Sh[) 2l ddi ti onal del ay

| st dilI@r alillestratdsenn dnfitediraek nemAfﬁd@lmbml@S(aO Ry supPorts subband
nt Wlt essenti al | y no over head, si nce the anount of
kpalos and sigyaking Arapgmissiany TAa HANC|framq is pagfitioned

t t In
i 1 P I B O3 .
pgmmbn@d ong aV\pﬂdt sepmentab2?, aougrating segrhentnGit4, and aTienber of slots
68@T 58@%%{1?% tlslgg%ﬁgﬁz%é ned f%g%g%ta%t ! Vetgitxtenrnrlrlltlgf‘e telfrr?jglals can

. cORfuRreRAY YAMREhiC 3RRET &Y thd afphhiaafn Qﬁi@d%n{e%ﬁ seRremiiify, subband

[0079]

[0080]

[0081]

rate control information. his case
ngiplening depyebn udtiar negmane 6%43 ﬁ@ that mtiplestemaigals can concurrently

8 ST £205 T R BHeBERL S Ly on e

upliik i ahisniepBicdn O$lots §B@InidYIbe nised rret ltﬁﬂs@ﬁsmhh@f packet data,
uplink, the access poi nt _can ﬁ)tocess the received
é

mesgpgst 4 Pther niataniap. r Eegy slot (30 may divanssigged evigh or without

S POl EA g5 SR B0, 99U e o v

t¢-seardan Svemhetdimessage ko BubipkndroMnblsi pl exi ng [ 0078] FI G
6 illustrat enbodi nent of afrarres ucture 6 L
Chat VETppoPEr BABS B LIGIERpHE PhEBRET ke 96 B8 s within
tiNtopd Snad ﬂgeﬁtlcﬁﬁstrsé)iaﬁﬁ)le Tllfl:-eu {)l é%gli"nd include a rate control
partitioned into a downlink phase 610 and an upl i nk
SpEvaeNG GO SThe raip k:omkolphfageatm efrndranm@knomdgmnmgm@nt used to

sél{elt Qc (e)& eogﬁlep{s ?%n%gzzga%rb%pﬁ% t?l?rf; "ﬁgl%znl%zp%f‘ oned into

nﬂﬁtﬁfle fuplinie @gdRIvwBAR phasdshaid aiffebdnp!phadediihy18k Slsé‘(ﬁfbr different
concurrently transmt pilot on the uplink in thi

ey At massign sichyas taffinydeir pilpturate pigealingg amﬁh@cmewlfég@nent
ToBlen a3 BoH cBaddasfuddaat multiple termnals can
Tgmmﬁ‘y—émnsr@? signaling (e.g., rate control

i nf oSnbltand mulsiplening mﬂlgmbﬂhntleﬂillydeMeahé amouhhef res@irtdskneeded

1 P o€ RO BHSsga b and EnAIGs 5 dbe ik, gpantined below.

HoWeQérMRAH AR fa&%g‘mﬁ%r %Eecﬁf%ooer@)\’lsﬂagreﬁsiﬁ 'tﬂé‘ﬁﬁgl%&ﬁa@én of subband

wi t hout subband nultiplexing to one or e active
mugiméniag.ssuckaash(19] everle@d sigmypling $or the assigniment of subbands to the

terminals, (2) timing offset among the uplink transmissions received from the terminals,

and (3) frequency offset among the uplink transmissions from the terminals. Each of
these factors is described in further detail below.
Overhead Signaling

Overhead signaling is needed to convey the subband assignment for each
terminal. For pilot and rate control information, each active terminal may be assigned a

specific subband group for each or for both types of uplink transmission. This



[0082]

to send an overhead nmessage to nultiple term nals.

[0079] Various other frame structures may al so be
walemugase? f or use, and this is within the scoper/o$2005e34507

i nvention. For exanple, the uplink phase may include a

rate control segnent used tl@ send rate control

i nformati on and an acknow edgnent segnent used to

send acknow edgnent data. As anot her exanple, the
ashigaimentayy be npaletdutingreld setnp.candrthé wispgnedispbbanids dypdcally do not

down] i nk phases, and_differen hases may be used for
nqgtﬂﬁqéq@ﬁ{:ﬁe‘?ghégang?gfqrgﬁg%@éhgﬁa%ﬁCh as traffic data,

Pi | Off .thdiBl e DU9RBLLMY ordpd o€ kP W ad@ermAls, then 5 bits would be

| mpl ement at 1 on Consi derati ons [0080] Subband

suffitientpb estémigy dlae spreifse suttband Eroupeassigaed Hea derpumal. ofFhese 5 bits

o ROGRRARSS et S UBPIR S DR EATFTDES. By B o

[0083]

thEQUBIEY me¥abé QHS afl RALAr & SRYits)aheh tie Poigdosisaisiand dssignment
the inplenmentation of subband nultiplexing, such as

woulyl insreash dedmessagmlenaldy Woprtaranaislyi@fament of subbands
to t i nal £ 1w n9.8f s lqeRIbitity in -
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ing6 theudsiaheiyeads tleyaree dlothe dakivs Wpradpmentss anr erasple dpipan access
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times between the earliest and latest arriving signals is approximately 330 nsec. This
would represent a significant portion of an 800 nsec cyclic prefix. Moreover, the effect
of diminished delay spread tolerance is worst for the terminals at the edge of the
coverage area, which are most in need of resilience to multipath delay spread.

In an embodiment, to account for the difference in round trip delays among the
active terminals, the uplink timing of each active terminal is adjusted so that its signal
arrives within a particular time window at the access point. A timing adjustment loop

may be maintained for each active terminal and would estimate the round trip delay for

the terminal. The uplink transmission from the terminal would then be advanced or
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woul d be needed to convey the subband assi gnnment.
Uplink Timng [0084] The nmultiple termnals allowed to
W@ e@asmise7 concurrently via subband rmul ti pl exi POT/IB3005€34507
| ocat ed throughout the system If these term nals have
different distances to the28ccess point, then the
propagation tinmes for the signals transmtted from
these termnals would be different. In this case, if )
detalyed b rmiamabist datemendd byt theiestinatgd sounddtip delsy syelnihat the uplink

BB} U 952 SO B B3R RS o e

acgésgi,gﬂhence between the earliest and | atest arriving
sighals at the access point would be dependent on the
di f f’l&neetmmgu adjestmentofonceach japtiveefeapinal spayt bre derivgdnpased on the

pﬂ\t@? Pk seolgrgs qpthg}(trtg\re}sa f 1%3 ?r {h'gtt%rﬁ{élqgfggtaﬁ)g %,[)bﬁ?;l),le the uplink pilot

- m&j bé coeelhtetl ighindBh TopP uifdhs: pilot bytie ndmess:lpdmy qhe eemﬂt of the

tol erance of the farther term nals. n

cogplatior éssan indisiaen Wi theiber Hpaperiiedpiles I%Fafbgé’h’g&ewgh Fpect to
th%@l?ﬂ&g grﬁ)rr{ ‘:iwlle ot kAL | %ﬁ{ 6P i PadihdtinéAl valdd 1'ﬁ§§ then be sent to

earli1est an atest arriving signals is
the ppminal e datst 888 ademce of hitard iwotiththgr Bypa @asitulaa amount (e.g., +
significant portion of an 800 nsec cyclic prefix.
ongspaplgderioghe ef fect of dini ni shed del ay spread

Flleﬁhgﬁﬁrﬁﬁ“séts worst for the termnals at the edge of

ge area, which are nost in need of
r esilf swbned mmltiplexinpag hseded ayrnsipsiewdtangame @ sthissiam by multiple
nbodi ment n r ou

t o agcount e diff rence
PR BB sRgRY SR by DS S TR neqh TN P anay cause
suBétQ?ltm iRErf&esdt @ahé YignilS tdhRkavi 6y eehiaglkeflalf Gerin@ls trdr8mit at
signal arrives within a particular tine w ndow at the

fulpowss Iopamticulay, itican b sheiyw raprirpguansy pifsefenang the terminals can
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correlated against a copy of the pilot by the access
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L s B D
tedmihls t(t.) klU‘dB&)rdesUﬁl‘éinWbuld dk ugod¥myf 1tdBor lees meahé SN&s of the other
terminals. And if the frequency offset among the terminals is 1000 Hz or less, then the
SNRs of the nearby terminals need to be limited to 27 dB to ensure 1 dB or less of loss
in the SNRs of the other terminals. If the SNR needed to achieve the highest rate
supported by the OFDM system is less than 27 dB, then limiting the SNR of nearby
terminals to 27 dB (or 40 dB) would not have any impact on the maximum supported
data rates for the nearby terminals.

The coarse power control requirements stated above may be achieved with a

slow power control loop. For example, control messages may be sent when and as



[0091]

{0092]

[0093]

[0094]

the termnal to direct it to advance or retard its
timng by a particular anount (e.g., one sanpl e
w@enod27 Frequency OFfset [0088] |If subband PCT/US2003/034507
mul tiplexing is used to permt sinultaneous
transm ssion by nultiple t2Zkmnals on their assigned
subbands, then the signals fromnearby term nals may
cause substantial interference to the signals from
nedded aveadjiserthé mplisk ipowat lof trearbiyntatminalsa(esgn when the ppyver level

power. In particular, it can be_sho t hat frequenc
chaiees dee EBIRYCTARY iRt ismamglad,Epe i, may SEAERG of the
. .l.nt.er-st i i i . " ¢
mlggutgdéls%g%tlé% &5 L§L ﬁg(iﬁe upliSwhéd 8Ede8difN @R $BRm as part o

ron int channel estimte derived
thef datineetpl 1 Nk pil ots and/or increase the bit error rate

o g AT B 3508 Y B3 e o
mlggé(t@ [h& QEEEObE BfleSQIbbARL ididieerBRR! bih pardtunal erdmakowith high

use excessive interference to faraway term nals. i
redeD@8 SNRemapbé essignefl silbheady eqes gach atherm ]i/?é%lﬂkﬁ‘}s with Jow received

rmnal s was i nvest. gat [ j ;
SN O o B P g e B e AR RS (B pssigned
toEHéQeﬂnﬁhﬁ&vﬁthbbﬁm ceived SNRer ence effect. In particul ar,
it was found that if the maxi num frequency offset
anong the termnals is 300 Hz or less, then by
limting the SNRs of the nearby termnals to 40 dB or

L Gt He— et 1o : 000 Hz or less, then

the +9f i BIRas SpfesildiQrdEmidsithé &diuces the
to %2%% tg t%?llgﬁergﬁ?& Sllt(]Slrgfl ess o? I ogls irn the SNRs

ovefhehdd orgtiloe by bdactomatl wp tol@. The irBRvementadntbs significapesince the

the highest rate supported by the OE system.i s S
ntRa A UMY ﬁﬁf‘)’ﬁﬁ‘&; Risa eROB O B B fmount
oftrirlggﬁ)zle%@m(ﬁﬁy 80 g&Rkimvea %&n@%m?%ﬁm/ﬂswaﬁt on the

I mum supported data rates for the nearby
t er finrhissexep (a9 ORBM systams.ethp suktpmclandmedth is W =20 MHz and

t t at ed,ab v b i d Wi .
ST LR AUPU e 0 AL 06
(ogiﬁpz% 2% esgfﬂiﬁfés)a dis88, M@&&QM%?&bMés@@ﬂ@%b@Bﬂﬁ@@ usec (or

o.-adjust the uplink power of nearby
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for the uplink when acc in he system as t
o b Bt B SRR R DL Pl e
actSe tGRaEhE At thePotdl \BrdbeF BT B@holl periddérase@efor tpflot transmissions
without subband multiplexing is 4-K . For K =12, 48 symbol periods would be used

for uplink pilot transmission, which would represent approximately 13.1% of the 367
symbols in the MAC frame. The pilot overhead would increase to 26.2% of the MAC
frame if there are K =24 active terminals.

If the K active terminals are assigned to K groups of subbands and are allowed
to transmit the uplink pilot simultaneously, then only 4 symbol periods would be
required in each MAC frame for the uplink pilot. The use of subband multiplexing for
the uplink pilot reduces the overhead to 1.1% of the MAC frame for K=12 and 2.2%
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symbols. With subband multiplexing, rate control information for 10 terminals may be
sent in 2 OFDM symbols, which is substantially less than the 20 OFDM symbols that
woﬁld be needed if each terminal transmits its rate control information on a separate
pair of OFDM symbols.

The amount of saving is even greater for a diversity transmission mode that uses
4 antennas and has a transmission unit of 4 OFDM symbols. For this diversity

transmission mode, 15 terminals may be subband multiplexed onto one 4-symbol

period. The rate control information for the 15 terminals may be sent in 4 OFDM
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seen that subband multiplexing can substantially reduce the amount of overhead for
pilot and signaling, so that more of the available resources may be advantageously used

for data transmission.
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demodulates the received modulation symbols to provide demodulated data. An RX

data processor 758 then decodes the demodulated data to recover the transmitted traffic
data, which is provided to a data sink 760. The processing by OFDM demodulator 756
and RX data processor 758 is complementary to that performed by OFDM modulator
720 and TX data processor 710, respectively, at access point 110x.

As shown in FIG. 7, OFDM demodulator 756 may derive channel estimates and
provide these channel estimates to a controller 770. RX data processor 758 may
provide the status of each received packet. Based on the various types of information

received from OFDM demodulator 756 and RX data processor 758, controller 770 may
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respectively, provided by a controller 730. [0103] An
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trfif ifafC & Ufp X i |

I8Nl S Yo St S b MR o Gyl AR ey
begdatarthaned brsediemtid uhtatcentrolanformatioe poviled bigehe terminal, or may be

ransmtted traffic, data, which is provided to a _data .
delqripCsls Gaseqy, onoshe: Ehapne) ”biyiteaeon RO R) ieppinahg Thendeceived

acRYoWRHBMBRIOGSS 5O sl ihHiakOFRhRIRSLS ¥ bR KERFEceived i b
perfor%el}d byQ%ZDM nodul ator 720 arlld TXf’data pcreé\{:eeslgoerrmr y

the teyminads Genirples| 330 may alse dedvepbierenhanced chqndeDiFpquescy response
WP : dulator 756 may derive

fof R ] Shach o ARG Pl AT oCRYE7 supnanas. o

desaitedabote.ol | er 770. RX data processor 758 nmay

provide the status_of each received gacket. Based on

t he Gadlss T3fhand 310 diectrthaopestion ak devacgessy RAMGR™Merminal,
R i T AR e R S s

bydenaplien d30and TG atspactpaiy.i cul ar rate for each
transm ssion.chanpel. Uplink pilot and signalin )
1t ool BB B Sl R asedisieie ek SRR Dersizmay be

imipleAsHie SISy Pdtious MAOVWRSIGIRHIS thak téc%ﬁfahyseﬁlag 8€k@bfmented in
and so on), may be provided by controll'er 770,
hardware, software, or a combination thereof. For a hardware implementation, the

‘

elements used to implement any one or a combination of the techniques may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

For a software implementation, these techniques may be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described



[0112]

[0113]

processed by a TX data processor 782, nodul ated by an

OFDM nodul ator 784, conditioned by a transmtter unit
wQa 3d4/0808e7 t ransm tted by antenna 752 back to aPCBEES2003/034507

poi nt 110x. The uplink pilot and signaling information

may be sent on group(s) of “Ubbands assigned to

termnal 120x for these types of transm ssions. [0108]

At access point 110x, the uplink nodul ated signal from
hereingi The softvese Gosles pay devséedin amearin LD £6-2.¢ BISHIORY By 732 or

; ILVer Lti(4 t

LB BNy P podBIEL S BTREEH ) 1 momory
umié Gndyobd’ Reslv@Enttdevithin die prdesset gnakiemg! tonfherpratdsedr, in which

transm tted by the termpal. The recovered, signaling.
casafiioraneic; ermynicasively; anled 4o disnproetssr iy Seriohdneane @s fspknown
inGReLLol the processing of the downlink data

transm ssion to the termnal. For exanple, the rate on

eac hHeadingsmass imudedaherein fiery refbrencietaad nioneid bhadewitiog certain

the r control informti rovi ded by t termnal, .
sqsPORty Tese PHRiRES H 00¢ BHEMddh oML T S ! e (O APEGdéscribed

thefedMuh &, Ll febd L:onc-gfiﬁ h&y Rhye gpplﬁﬁlkiﬂ%ne&ﬁﬁeigctiw th?@ughout
used to initiate retransm ssion of packets received in

therentire sppcificttont er mi nal . Control l er 730 nmay al so derive

t he hanced channgl f n esponse . f.or ea

t or m AP oL SOGHB R, Of (8 EFE e d SRBORERun i ProfREH to pasbic any
p&S&i giaBel HUhdands maks or USS tiel r&dnedouion| OMRfHus modifications to

Controllers 730 and 770 direct the operation at the

thgseembodigients vailcbe wepdily, apparentdg dheseisyidieg in (it angl thg generic
PR BRIy L SOyl P08k SLBRER 0 A g fom

thehepinitpdr sekpgpof the iamehti®ing rMBHusn thet praseatrirysntion isewdtintghds] to be
.described herein may be inpl emrented vari ous neans.
h%thetQa Ieén,equH@ S {SBEWR %ng@ H‘Eylsb@ %ﬁF%‘ﬁéﬁfé‘&F Wfidest scope
ORISR BOHENREIE: afl ndh P RIRKAA QR hERsOT . For 2
hardware 1 npl enentation, the elenents used to
i npl ement any one or a conbination of the techni ques
may be inplenented within one or nore application
specific integrated circuits (ASICs), digital signa
processors (DSPs), digital signal processing devices
(DSPDs), progranmable 1ogic devices (PLDs), field
programmabl e gate arrays (FPGAs), processors,
controllers, mcro-controllers, mcroprocessors,
ot her electronic units designed to performthe
functions described herein, or a conbination thereof.
[0111] For a software inplenentation, these techni ques
may be inplenmented with nodules (e.g., procedures,
functions, and so on) that performthe functions
descri bed WO 2004/ 040827 PCT/ US2003/ 034507 1.b



herein. The software codes may be stored in a nenory
unit (e.g., nenory units 732 or 772 in FIG 7) and
we@x@aimsel? by a processor (e.g., controller 730PCr/US2003/034507
The nmenory wunit may be inplenmented within the
processor or external to thé&/processor, in which case
it can be communicatively coupled to the processor via
various neans as is knowmn in the art. [0112] Headi ngs
are i ncl uded herein for reladMTe and to aid in
aw rgw rtal n sections. These headi ngs are not
|nte (5‘3 FEAR it the scope of the concepts described
therein under, and these concepts may have

applicability in other sections throughout the entire
spechf i cadiwpthog ofen dfanyméitipg erilob enals 6P jughnlpfin gvireless
dis d s provided to enabl e any

9 ﬁllgggtl(% ?{@1@ édﬁépwe écir t to make or use the present
I nv elbﬁl’tl@(bhln gvaplupality wb didbile atibands suitablelfes esecfvb ddiartemsmission

be readi |y apparent to those skilled in the art,
m&h%? lwétwgpxn\égw&?? ﬂg Padsief i ned herein may be
appl 1St a(ﬁr'é‘tegro otﬁé oERhs ob aliutht gi@@ﬁkr tb'artgmﬁlhél”hnd
t he splrl or sco of the invention.” Thus,
pr esentivingpént urmmnnsmlcﬁromrﬁhfewmal on the SUbbEmdﬁ ébltht! dirst group.
t he enbodi nrents shown herein but is to be accorded the
wi dest scope consistent with the principles and novel
f eatpr es HhsSebBs@df el Nfurthe) SR E827
PCT/ US2003/ 034507 27 CLAIMS What we claimis:
met hewighing a seeenshsrorp iytheiaf kpstsivgrfhisieing BOxRS (R ?eﬁRn‘i‘ F?ﬂmnal
a Wi rel ess conmuni cati on system conpri sing:
I}Jart itioning a plurality of usable subbands suitable
for nsevingrpibattanimBsion fseanahe secind tatminelhst thavsubbands in the
di sjoi nt groups of subbands; assigning a first group
SGCANG B®URt | east two disjoint groups to a terminal; and
receiving pilot transm ssion fromthe termnal on the
subbands in the first group. 2. The nethod of claim
1, fBlrthe’nt‘he:mal}hods»fn]gimdsﬁir@ln'rc@nmmond gr oup in the

g;d %i\}éﬁlggig\ﬁléa%a %Ipnn}taggﬁ)gxﬁs L9 a}ﬁ éecglv g, wherein the

chBh 81 RBMaRovde a1l BRE Subbant het 1n§ﬁ@&[‘ﬂl tﬁé 6t gréhip. The
nmet hod of claim 1, further conprising:

4. The method of claim 3, wherein the channel estimate for the terminal

covers the plurality of usable subbands.

5. The method of claim 1, wherein each of the at least two disjoint groups

include the same number of subbands.

6. The method of claim 1, wherein each group in the at least two disjoint
groups includes S subbands, where S is an integer greater than or equal to a number of

taps for a channel impulse response for the uplink.

7. The method of claim 1, wherein the subbands in each of the at least two

disjoint groups are uniformly distributed across the plurality of usable subbands.



deriving a channel estimate for the term nal based on
the receiving, wherein the channel estimte covers at

wo e@sn4ee subband not included in the first grOUPS2043/034507
The nethod of claim 3, wherein the channel estinate
for the ternminal covers the$lurality of usable
subbands. 5. The nethod of claim1, wherein each of

the at least two disjoint groups. include the sane )
nunbér of TheuBethed ofeclaimmel, nwhersia Brnsonihinewer upadrfer the pilot

- [ L.S).Qi: r
SRR 0 g U oL Rt U g e e
tiahamit powegpaal subbaral thantvenldobe uded @ pflor transatisivrevere done on all
i mpul, se response for the uplipk. 7. The nethod of

Sﬁ%ﬂ%’ gy aﬁé@éﬁﬁ“f’ﬁ@%ﬁk%%ﬁ?‘hm@ach of the at |east

two disjoint groups are uniformy distributed across

the plurality of usable subbands. WO 2004/ 040827
.PCT/ 9S2003ho 88vd of 216188, Wirezeimghchwdling factaiisredual to the number

of PRE et g SIS RE mupRer & iynhetis % rRiine srpymy,

group is scaled higher than the average transmt
power per subband that would be used if pilot

trandfhi ssilbemetiras efphdimo®y veharein shinssaliag facky far the tansgit power
t ' 2 a i e . .
o920 S 3o SRRE ShOPE, S Bl WP SO p i
by upar MH2f andsfull garsdib poder donstrdiats tor 4 Prequenop dandfused by the
su?bands in the first group. 10. The nethod of claim
vgrelesp ePBMHNICAONSYSIThg factor for the transnit power
used for the pilot transm ssion in each of the
subbands in the first group is determ ned by a per

MHz dihd f Ohé ntetladsaficlaimolydurtiooeempssings for a

frequency,.band used by the wreless .co nication

oyt ERmEofe HistRERones o5 AeplithEasRiPR HEH \6 il such that a
&RVl Oi grialeh-hbid Shld (BRWG' fofthé BrnlihhlOts hlafRSHES Bk O? below a
fromthe termnal such.that a received

peitighlar thresheldi SRy atio (SNR) for the terminal is

mai ntai ned at or below a particular threshold SNR

12. The method of claim1l, wherein the subbands in the
first2gr ope agsh@eitlaib0] t Wiertiarthe BeibaadLinatle fies Frodplassigned
subbands in at |east one other group assigned to at

tg thedermigglearg agiarent & subhandsyin # 1635h P& PHst BIapPgigned to at least

o el e R B "o
ort hogonal frequency division nmultiplexing (OFDV

¢ om”nig.l ¢ at,l"hg ?ne%l}/osdto%nglaim 1, wherein the wireless communication system is an

orthogonal frequency division multiplexing (OFDM) communication system.

14.  The method of claim 1, wherein the plurality of usable subbands are

orthogonal subbands formed by OFDM.

15. A method for transmitting pilot signals on an uplink in an orthogonal
frequency division multiplexing (OFDM) communication system, comprising:

partitioning a plurality of usable subbands suitable for use for data transmission
into a plurality of disjoint groups of subbands, wherein each group in the plurality of

disjoint groups includes the same number of subbands;



14. The nmethod of claim1l, wherein the plurality of

usabl e subbands are orthogonal subbands forned by
WOROM4B27 A nethod for transmitting pilot sigPaEi/FSmN3/034507

an uplink in an orthogonal frequency division

mul ti pl exi ng (OFDM) communi cati on system conpri sing:

partitioning a plurality of usable subbands suitable

for use for data transm ssion into a plurality of

di sj esigning nepsroyp 18 (thp ahuality i HHPIRt GEQURS Jp sagh Ph at least two

rali i 5] @l nt [ e

Byafy siieadh o SB4TouBh Rl B 035 s TR T ¥s of
suhandgnbmy one group in the plurality of disjoint

groups to each of at |east two termnals, ere

: in the
at | B4SVINg RIIGt diaRsmIsion HFom e pigheat) tHp Prayas S gihe at st two

ggﬁlgy&s WBbangsubbands; and receiving pilot transm ssion
r mtﬁwe at least two terminals on the at |east two

groups of subbands. 16. The nethod of claim 15,

further c riging.. deriyi a channel estimate for

each?@f t ﬁg?glpﬁ}ogg&cfjaf% t Eﬂ%ﬁ%qrg?rbsé%ged on the

receiyivifly o WSk Bstififte GOABRE! of B¢ RIS Y tefBHRlsHased on the
the at least two termnals covers the plurality of

ragsiainize whatsimihd shannel egtimate ferdbaclp pf theaah dasst taqigrraingls|cgyers the

pRbAPEhr HpRrlpbRlak in @ wireless comunication
y's conprrsing: receiving an assignnent of a group
of subbands to use for the pilot signal on the

uplink, wherein the group includes a subset of

pl ur &+ t yAomethodpia Guspuiag & gilehsieaak gp an, @plilojn a wireless
; ; ' . L i » :
c ﬁn{cgﬁg}ggs%%%ggﬁlggg& rmning transm power to use

or eac ands in the group, wherein the
t r answkivinpoaseassigomentcia gwbp afisutibsndsctal usd fon thaeilot signal on the

the ayera transm t ower per subband t hat ul d be
ks M T O SREET STPeoit @ RIALTaH tirne siBafg Rable for
ulYroRdss dhahsibis§isgt or that is greater than one; and
transmtting the pilot signal on the subbands in the

gr ougetaxmintng dieansrit pewer ta dps fen egsbuef thel gubbandretthdig group,
nggrre‘i]ﬁ {h% Rgaéngﬁ%g)%ﬁ Ifcgrnetaalcfl Egoblaﬂ{l g{n &%%eg%gl?egitlﬁagl: #e la{fajﬁgé {lansmit

fcatron sys
pBREd perisObhang tRatpyétldbe tuyedif pilsakhigngssiiands donetonldesubbands,
for use for data transm ssion
by a scaling factor that is greater than one; and
transmitting the pilot signal on the subbands in the group at the determined

transmit power.

18. A method for transmitting signaling information on an uplink in a
wireless communication system, comprising:

partitioning a plurality of usable subbands suitable for use for data transmission
into a plurality of disjoint groups of subbands;

assigning one group in the plurality of disjoint groups to each of at least two
terminals, wherein the at least two terminals are assigned at least two groups of
subbands; and

receiving signaling transmission, within a same time interval, from the at least

two terminals on the at least two groups of subbands.



into a plurality of disjoint groups of subbands;

assigning one group in the plurality of disjoint
wW@e@u/p$08ed each of at |east two termnals, wheCBUS2005E34507

at least two terminals are3fssigned at |east two

groups of subbands; and receiving signaling

transm ssion, wwthin a sanme tine interval, fromthe at

| eas t termnals on the at | egst .twy groups.of )
subbg%'ds%%%wﬁﬁ%ﬁ 1_2@%@“%8@/ %@ﬁ@% traggmisgion-AQgIprises
A8 EoRfb] Bffohlom f&BdoWEkeath fiRm3dstal i ng transmi ssion
conprises rate control information for downlink data

transm ssion. 20. The nmethod of claim 18, wherein the

si gngli ng~transm ssjon. ¢ rises .acknow edgnent for :
Gar a0 aThe SSRAL B R IR L heE o B TS ssloR comprises
adiGowdiRERND{Jr dafSatdivdione s doegRnk.or the signaling

transm ssion in each subband is scal ed higher than the

average transmt power per subband that woul d be used

i f phlot 1 S5 ) . l.. subban o
LbalPho  TRPRRTAELPORHEE R0 bl NIBTNGE 1o e Benaing
traedniiedonfin eheli BublBnd bacsied hegleh tha e averbgetransmit power per
ﬁHurEI'ty of di sjoint _?roups i ncl udes the sane nunger
sighband, Shainvieuld Jbe sadetf il SEROEHISEI0R; WetEgdonghen @ilsubhais. by a

sEHiiRH Packd} thGs %eﬁ%?kﬂah%ggf di sjoint groups includes a

var T abl e nunber subbands. 24. The nethod of claim
18, wherein a different nodul ati on schene is

sel egt abl g, f or .us r. each of the plurality o ) L
i s ot gPogisetobal it I SuRerepdaeR eipiy inahe Blarality of disjoint
cFRPRHRIERS iHeRam¥ TufiPerbiifibBardkur al i ty of  subbands,
conprising: means for partitioning a plurality of

usabl e subbands suitable for use for data

t rans#i ssi ' ; di sj.ol nt gr S..0f.
Lopahoss TRE IR oAbk, LGS AR LR ERNP BB g s
gtoapsinciudes divajigdblahugbaupsulitands.t ermi nal ;  and neans

for receiving pilot transm ssion fromthe term nal on

the subbands in the first group. 26. The apparatus of
25, rth § S4eNGH; n - der el .
by ?ﬁe (iﬁ‘[r;fg{)dtl Zirf nm&%lgf‘ig, %Vhfgﬁalin df 'Eﬁf‘fér&?oit%oﬁlli‘lgﬁ]&fs scheme is

estimate for t ased on the pi
selectable for use for each of the plurality of disjoint groups.

25.  An apparatus in a wireless communication system with a plurality of
subbands, comprising:

means for partitioning a plurality of usable subbands suitable for use for data
transmission into at least two disjoint groups of subbands;

means for assigning a first group in the at léast two disjoint groups to a terminal;
and

means for receiving pilot transmission from the terminal on the subbands in the

first group.

26.  The apparatus of 25, further comprising:
means for deriving a channel estimate for the terminal based on the pilot
transmission received on the subbands in the first group, wherein the channel estimate

covers at least one subband not included in the first group.



transm ssion received on the subbands in the first

group, wherein the channel estinmate covers at | east
wor@4suiskand not included in the first group. REI/US2003/034507

2004/ 040827 PCT/ US2003/ 034807 31 27. An apparatus in

a W rel ess conmmuni cati on system conprising: nmeans for

recei ving an assi gnnent of a group of subbands to use

for uplink pilot transm ssion, wherein the group

i ncludes a subset of a plurality of usable subbands

sui tabl e Fa t oS dm or

o ardhi tté‘ﬁgpﬂﬁﬁuﬁrlglt ‘gﬁ‘lglﬁsas coftfixett liﬁigg%gﬁglgs in theg

gr oupsanwi@rreteiving aanssigimeowen guagpdoifsabbdride tqz)uf’.edbr uphnk pilot

gnal in_each of the b and t
RO B S PP R BRGNS SFESED G Piyeriiy DR Sibbands
Su}tF}?g fAUL SRS S ndidsidnt hﬁH transm ssi on were done on

subbands by a scaling factor that is greater than
one. m%s fAn txausmgtsng)au mitot isignal whrtbe ess;bbamlmm rthe groupn Wherein

P BT LB STl SRS ] 'S5 Kocara

hi e'f'rtﬂbﬂx ttlvie Q?fvefiigél @érﬁhntgg@w&s perf sﬁbﬁﬂﬁdnﬁiﬁt afould Gemgsdd if pilot
‘ roma plurality of usable subbands suitable for use

treamisgipnavare dermesall srbbardsgbyaseading fagiar tha igereater than one.
transm ssion is received on a first group of subbands
selected fromthe plurality of disjoint groups and
assizgned A acdebepdirt ifianeikelessdmanuaicttion sy semogenmatsing:
to derive a channel estimate for the terpm nal base

{ e JRSEROR SRAFHeLp SHFER SUIob TanSTEHEH HOPHL EREHD i erein a
|
plﬁ%ﬁeﬂ)g?% ﬁgsgl\é g}&ﬁ)@g)f st Ed@&% tﬁﬂﬁé@ﬁgm zﬂﬂlhrdmf bgedle shbbands

e term nal The access
suptalolatfomsedbadatamnsmisspe,u amdtiereierthel pil@tttmnsmsssmrls reseived on
erativ elve i.l ot ssion froma se
o BB ot PP cplkire st it PGB S o bty B A RElened o

the RGRRMFhI.GmAUP 1S sel ected fromthe plurality of

di sj oi ntw%goups and assigned to the second term nal.

VO 200ut@lieBoFerRiE oSO8 ATBABEY estypatgdor (g terray dased on the

a W I S | e [

regelgec{nglé%]cl tée%nsrrms%p gll, gx{hl%geé i cfclgdglg&v esﬁéfage &}ve?som%bs? on8 subband
ndt FRINSIEAS S ki growp hdsignell keths agrmihdlnme i nter vaI from at

| east two terminals, wherein a plurality of di Sj oi nt

groups of subbands are forned froma plurality of

usabjg S%ﬂ@%@gﬁ :[:gchﬁtb bf diff Yse \)@I&yrelﬁafh% demodulator is further

transm ssi on el n each of the at |east two
ofieeativiertal scéige piei gamthissien fooup secondhierpinal ah iat secoid group of

subbands, wherein the second group is selected from the plurality of disjoint groups and

assigned to the second terminal.



di sjoint groups, wherein at |east two groups are
assigned to the at least two termnals, and wherein

wWo b@4mi@eal i ng transm ssion fromthe at | east PE@DUS2003/034507
termnals is received on tl2 at |east two groups of
subbands; and a controller operative to process the
signaling transm ssion received fromthe at |east two

term nal s.

30. An access point in a wireless communication system, comprising:

a demodulator operative to receive signaling transmission, within the same time
interval, from at least two terminals, wherein a plurality of disjoint groups of subbands
are formed from a plurality of usable subbands suitable for use for data transmission,
wherein each of the at least two terminals is assigned one group in the plurality of
disjoint groups, wherein at least two groups are assigned to the at least two terminals,
-and wherein the signaling transmission from the at least two terminals is received on the
at least two groups of subbands; and

a controller operative to process the signaling transmission received from the at

least two terminals.



