WD 2005/ 096538 PCT/ US2005/ 007046 1 METHODS AND APPARATUS FOR FLEXI BLE
SPECTRUM ALLOCATI ON | N COMMUNI CATI ON SYSTEMS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] The present Application for Patent clainms priority to
Provi si onayvoA@Bldesss i on No. 60/554,899 entitled "Fl exipolrasspeot7nism

Al'l ocation in OFDVA" filed March 19, 2004,. and assigned to the assignee
her eof and hereby expressly incorporated by reference herein. BACKGROUND
|. Field [0002] The present invention relates generally to conmunications
and nore specifically to techniques for flexible spectrumallocation to a
plurality of MESEIGDS AND APPARATHSFOR FEEXIBIE SHECBRUM ACTIGCAPIOR]
Commruni cation systens are wi_dely deployed to provide various comuni cation
servi ces such as voice, pac%p(éﬂw&mg&v§ STHEMS e systens may be tine,
frequency, and/or code division nmultiple-access systens capabl e of
supporting comunication wth multiple users sinultaneously by sharing the
avai | abl e syst em r eSCROSSREFERENUESOREEATEDAPPLECATIONSSS syst ens

i ncl ud e Divi,sion Ltiple Acce ( ). SV.St Miul tjple-Carrier
coe ( METEDvey . NP BB Ao o B s L & Biswin il RpRisEEet access
(HSDPA) , TiN®. 60/5545890renhitibd FPlegibleASsepttm (Ao S OPIBIAF Figduemaey 19 Vi si on
Mul tiple Access (FDVA) systens, an Ot hogonal Frequency Division Miultiple
Access ( OFCAMRM- apd rassigned] o the] assigoemmbarert aid disreby s exawesskyy nspippBiedoBndwi dt h
al location fa.avojdeyi nterference and inprove link reliability. There is
therefore a need in the art for techniques for flexible bandw dth

al l ocation that inproves interfer@3xXEKGROINWRRY [0005] The discl osed

enbodi ment s_provide for nmethods and systens for flexibly allocating a
shared fre encﬁ‘%‘ﬂectrumto a plurality of users. The spectrum nmay have a

first I of HRYIEBSnvEREN et R TRl Rt QBB AUHIRE spificahySt er s

associ ate
to techniques for flexible spectrum allocation to a plurality of users in a communication

systern.

II.  Background |

[0003] Communication systems are widely deployed to provide various communication
services such as voice, packet data, and so on. These systems may be time, frequency,
and/or code division multiple-access systems capable of supporting communication
with multiple users simultaneously by sharing the available system resources.
Examples of such multiple-access systems include Code Division Multiple Access
(CDMA) systems, Multiple-Carrier CDMA (MC-CDMA), Wideband CDMA (W-
CDMA), High-Speed Downlink Packet Access (HSDPA), Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFDMA) systems.

[0004] A communication system may employ bandwidth allocation to avoid
interference and improve link reliability. There is therefore a need in the art for

techniques for flexible bandwidth allocation that improves interference.

SUMMARY
[0005] The disclosed embodiments provide for methods and systems for flexibly
allocating a shared frequency spectrum to a plurality of users. The spectrum may have a

first number of segments, each segment having a second number of clusters associated



WD 2005/ 096538 PCT/ US2005/ 007046 2 with a certain sector/cell. In one
aspect, a method for flexibly allocating a shared frequency spectrumto a
plurality of users conprises the acts of fixedly assigning a first group
of cl usterwd@os0okisest group of users, such that the fipctugpoeamnraé users
stay fixed to the assigned clusters, and assigning a second group of
clusters to a second group of wusers, sgch that the second group of users
hop within the assigned clusters, is described. BRI EF DESCRIPTION OF THE
DRAW NGS [ 0006] The features and nature of the present invention wll
becone nore h ?&ﬁ p e when
taken in coﬁﬁ%’%ﬁ%ﬁn Sécgcﬁm?%eqng@gaéshgg ?n (%dcﬁlr%%ﬁﬁ# pgéra?alﬁ 2 é%z[ig'rdact ers
i dentify cofiequsponstiepainy ta & phwajity of usarsccomphiesséhaact§ @D@ﬂdﬂlﬂsﬁigmﬁgah‘mﬂrs one
enbodi ment f f n ctrumsartitioning; .[0008] ElIG sho one
enbodi ment Forrf fgﬂgtgﬁs%g? ﬁﬁ&o#gffgﬁg%tspfhﬁgﬂﬂ%@és? %oﬁll’ of JeFrs fzt%g§%,¥istﬁl G 3
shows a bl oate adbigggdaciugérs 2ahdeasighing ROscdbndRdup df BRERESIO! £kEoh@lgroupFFTAl LED
DESCRI PTI ON [0010] The word "exenplary" is _used herein to nmean "serving as

an exanpl e, s f it t eoﬁec‘?qdiwpr%ft‘ﬁsﬁﬁhop withindharssigpedglusers.dedeseibedescr i bed
herein is "exenplary and is not necessarily to be construed as preferred
or advant ageous over other enbodi nents or designs. [0011] An "access
terminal" refers to a dBRIEF DESCRIPTION REHEDRAWINGS connectivity to a

user. cess rgi pal e C ected .t.o t.i devi ce such as a
| apt op%bcogiput er Jr%‘r P&ﬁ%‘?ﬁt %gy%ag‘r‘fﬁu?%ntﬂe PEFCRty mmogg‘? ﬁ 8?16659{? &PR8H devi ce
such as a peosothel detdliedi dedbriptioai st Ioih LARWAKRES JakeB NN ARjureAdh HifOtHRe

call ed a subscriber unit, nobile station, nobile, renpte station, renote

terninal, uS@wingsripivash like é@fer&g%@har@fermy@mlféroﬁmﬁmﬂmglymhrcaxgb@gsanﬂer n nal
may be a subgghifper station, wireless device; cellular telephone, PCS

t el ephone, a cordl ess tel ephone, a Session Initiation Protocol (SIP) phone,
a wrel[@s] | ocaFIG. dcshox(ls/wns)enﬂiodhhemmforéregmnsps;wbtruihgiaﬂﬂionmgsi stant (FDA), a

handhel Vi ce Wi rel conpe abi | | ot her processing
devi ce[‘g%ﬁ ect ed a?gW?%qe o %‘H‘é?ﬂ ﬁe@gﬁeqﬁ?poygg ‘ﬂ]@f’?ﬂ ers to a
devi ce [pgpopn aACCERS 3RR6WPS Klotihdihg @R BTUR a6ckHoint and an access terminal.

DETAILED DESCRIPTION .

[0010] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein is “exemplary” and is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0011] An “access terminal” refers to a device providing voice and/or data connectivity
to a user. An access terminal may be connected to a computing device such as a laptop
computer or desktop computer, or it may be a self contained device such as a personal
digital assistant. An access terminal can also be called a subscriber unit, mobile station,
mobile, remote station, remote terminal, user terminal, user agent, or user equipment.
An access terminal may be a subscriber station, wireless device, cellular telephone, PCS
telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless
local loop (WLL) station, a personal digital assistant (PDA), a handheld device having
wireless connection capability, or other processing device comnected to a wireless
modem.

[0012] An “access point” refers to a device in an access network that communicates
over the air-interface, through one or more sectors, with the access terminals. The

access point acts as a router between the access terminal and the rest of the access



over the air-interface, through one or nore sectors, wth the access
termnals. The access point acts as a router between the access term nal
and the rest of the access WD 2005/096538 PCT/ US2005/ 007046 3 net worKk,

whi ch mayweRepvisssan | P network, by converting recei VREI/BIPYUTHS f ace
frames to | P packets. Access point al so coordinates the managenent of
attributes for the air interface. [0023] FIG 1 shows one enbodi ment for
frequency spectrum partitioning. The forward |ink (FL) and/or the reverse
i nk (RL) channel frequency spectrum e.g., in an OFDVA system nmay

conpri se ohethods, tWiigomedy serbprisaran & sietwork,obpe sonviertingneeceiverb dirriptatfaces shown
in FIG 1, .one nma artition the.set of N.ton into N, t 02, each
segment nadPge b 1 DRk vitorssdgimaisg penuelR e blekent Ry o
segnent s afe aiciarkhedious in frequency spectrum while other arrangenents
are al so possible. [0014] In one enbodi nent, each segnent is_ subdivi ded
into d0@8) of NFIGILshows gne embodimentfordfedyrycy spectivphpatitiopings dhafuwadi t h each
sector/cel k: s ]gﬂib@i AGhAEshwW th a
sector/ cel Pm%gl\%‘e) %%%f(gl\llée}fféa}%pl ng sag?%glslrlﬁéeﬁ%?s#gﬁﬁﬁeﬁte?’%%ﬁﬁ he exanpl e
gi ven i n Fkgtend, méyeompuigeeoft N orthegangl subl-car82s pbotmass. alinl oa¢ embadimenings

segnent, e.g., th irst segnment..10 i titianed,to N. = clusters of
Sseown, SsEin G byonol sarige fuerdt FORoa oA Fratgns: {bof o6

cont enpl at @%rﬁéi@haﬂﬁg/ s MO freuRNSF tondd) dhP bnd kMBS EMENtTEY REmbRSdre The
clusters 104 shown in FIG 1 have non-contiguous, non-overlapping

sub- car ri eCoOREEPYHIRETRIUENSY seackymf whileetber asapgaronisare alsppossibley.  and t he

adj ac ect or i e t i: e t:@pns.
Accor 0T o ond S ke < SRR IPNRAY LRI o il Rl B8]

sect or/ cel leacheoftsize Me tdnes, akéd8iatadswitld edcheseetot/celli 108, i B& pEcond enteglitherdf t he

clusters assocgiated w.th another se r/icell, e.g., ector 110. [0015] In
one. embod AEIISR ESSGARA St BFIop Rel BV TeB VPP P Srmeh s e meF)
segments i fiR Gt sREE M FEG! 1, theR € Riz6 iy 94,65 3PAbhe8rand M YeabEotksed as a
characteristic of the sector/cell. e cluster %?ttern set may be defined

by an | D, iseeneidiensy the§rhbprgment 109ni/portitionedsiodY. = brlugtais of sigtlced tones
comuni cat t t ] P LSitj p or

o ternat v SR el Ear A, DGRt &7 Sobckibfed G0 by bhBBLIRE O
appropri at endles tlgsteefmay bestised. [Tae tchusterssHI4 shownan #8GUb davd minesohégwns,e

diversity, as . . .
Y non-overlapping sub-carrier assignment patterns for each sector/cell 108, 110, and the

adjacent sectors/cells in the network have different cluster patterns. According to one
embodiment, each of the clusters associated with a sector/cell, e.g., sector 108, is
different with respect to each of the clusters associated with another sector/cell, e.g.,
sector 110.
[0015] In one embodiment, the same cluster pattern set is used for some or all segments
 ina given sector/cell, and such cluster pattern may be used as a characteristic of the
sector/cell. The cluster pattern set may be defined by an ID, including segment ID
and/or cluster ID, which may be communicated to the access terminal (AT) in the
acquisition phase, or alternatively linked to the acquisition signature of the sector/cell.
An appropriate design of cluster pattern set improves user interference diversity, as
discussed below.

[0016] In one embodiment, a given cluster (sub-channel) in a given segment may be
allocated to a usef, as shown in FIG. 1. Alternatively, more than one cluster in a given
segment or more than one cluster in more than one segment may be allocated to a user.
In the example of FIG. 1, the allocation granularity is M, = 8 tones, although it is

contemplated that the allocation granularity may be any number of tones. A user may -



di scussed bel ow. [0016] In one enbodi ment, a given cluster (sub-channel) in
a given segnent nmay be allocated to a user, as shown in FIG 1.

Al ternatively, nore than one cluster in a given segnent or nore than one
cluster i WwOOg0YsEEN one segnent nmay be al |l ocated to aPOBER2005/00[046 he
exanple of FIG 1, the allocation granularity is M = 8 tones, although it
is contenplated that the allocation grdanularity nmay be any nunber of
tones. A user may WO 2005/ 096538 PCT/ US2005/ 007046 4 be assigned nmultiple
clusters in a single or nmultiple assignnments. Mire details on the

assi gnnent tetasspedymalkiplegilvedts bed single (08 @dulliplé Bss@fencarb adbrBTtails @MaRy USer
may be provided with a contyol channel or an itemsent in the control

channel , e.3§5ISMBI BERIEYFIGBIVEY DSIA: cat or (CQ ), for every segment. The

CQ s e co sone or
00 T Commgtlefkaiche cpigaael me el B RSHIER BRG] 8 o070
aver agi ng titem gerdl int theneoméral ebannslu cie. ,ash@NR q@h@nmmhcatarpmﬁ),yforeda\cery of

o oot e lseklf | FRGOH 8 bR R By, il efhet Ba@P G BERTEA for o

"best" mat cimbel wleona&. gTheeRsERgTEQL axngkgﬁleﬂsmay bs obek@it] for @ampis, Bpe
enbodi nent, channel information on t and/ or FL maybe used to schedul e

users to &Y@fagpgﬁl%ﬁﬁlagﬁ’dﬁ%ﬁw’@%éf‘c}ha% YRR IR, Speef somep oralldbhedul er
may assi gntgﬁgﬂbmatsg%%eﬂr nmore clusters, provided that at |east one
cluster is vacant. Such an assignnment may be based on, and nay be expected
to seci0&l] a godul onhamtedingng| follgwing. sgcczrtainaﬂimu sensitiveeschedudihg (L&Rpel

gai n. Upon the as |g i user be exposed to va nterfering
users oper atVAY ﬁg‘% Eﬁ‘aéé‘e %eé‘catglF’ ﬁe@‘qegpa‘i‘ﬁ@ U§Frspa ‘?“Fﬁe(bfi“tf’{i&ter

pattern se&xﬂaoamdhe%n@ﬂﬁl 1|ﬂﬂ)rh1@t16ii ddf 186 Rtan8RE FD Myl uséd todshdduRGSS @fl above
in connection with FIG ensures that no user or a small nunber of users

i s exposed A% oan@rerfgg@emﬁpéﬁ fleredfgpquensyspectiuph eh edipdelasmey #igignificsiseer ence
diversity o) ol ated
with a gi vegﬁgg)é?%%% (l:lcsé ﬁfég-gﬁ%{%a? g%%tﬁﬁ? hauggf:?f ‘gggemof@uvﬁust er ssoci at ed
wi t h an adjmzgyebetbaseiodm endmby bd étpectad trsecweLragoodrchamtel qxiahbﬂmgmmmreﬁ nunber

of tones. For the c rret ex |l e, such cl ers overl t wo tones, but
Gl 1 orin dbqertiningml bt ) Bructhe Tatenh e ger a5y be fpoisd b Varbls

interfering users operating in the adjacent sectors/cells. The disparity of cluster pattern

sets corresponding to different sectors/cells, as discussed above in connection with FIG.
1, ensures that no user or a small number of users is exposed to a single interfering
source, thereby ensuring interference diversity.

[0019] In the example shown in FIG. 1, any cluster associated with a given sector/cell
108 overlaps with each one of clusters associated with an adjacent sector/cell 110 in an
equal amount of bandwidth or number of tones. For the current example, such clusters
overlap in two tones, but differ in six. Thus, the disclosed partitioning, e.g., N, = 4
clusters and one user per cluster, as shown in FIG. 1, improves interference diversity.
In a similar way, cluster pattern sets for the other adjacent sectors/cells may be designed
to ensure full interference diversity. Full interference diversity condition described
above assumes that no user is assigned two or more clusters within the same segment.
In general, a user may be assigned two or more clusters within the same segment, e.g.,
when a single user is assigned a substantial fraction of the entire shared bandwidth, as
discussed later.

[0020] The aforementioned example provides an example as how to ensure channel-
sensitive scheduling (CSS) with interference diversity. Following this principle, one

" can achieve a desired tradeoff between the channel assignment granularity, interference



clusters and one user per cluster, as shown in FIG 1, inproves
interference diversity. In a simlar way, cluster pattern sets for the

ot her adj acent sectors/cells may be designed to ensure full interference
di ver sity.wbubdsobssser f erence diversity condition descripggadis2@BRyR4@SSUMes
that no user--i-s assigned two or nore clusters within the same segnment. In
general, a user may be assigned two or gore clusters within the sane
segnent, e.g., when a single user is assigned a substantial fraction of
the entire shared bandw dth, as discussed |ater. [0020] The aforenentioned

exanpl e proy > as.how' to sur hannel - .sensj ti edul in
(o i Ph ISy, 3R EXQ UM LorF oD SR RO o FRR VAR 3G e e T2, | "
achi eve a déisélosed bandwiéibf dllobstionaaatef ag hanmabdns ing dVeMbadimaRybahédt Y

interference WD. 2005/ 096538 PCT/ US2005/ 007046 5 diversity, and CSS
ef ficiency ﬁaﬁldﬁ’?‘fé%ﬁ Roppated tothes Srmdsn th\?ﬁ?‘ii‘é‘gnfeﬁhmﬂﬁs- M, and Nc. The

di scl ogggipandwi Iﬁ?dﬁe%Hb@@iﬁieinf?Qhéfoﬁa?hﬁﬁﬁeﬁmi@%atirﬁﬂaf@ﬁk%ﬁ Y pREdRad in

assi gnnent™ bandwi dt h, as conpared to other bandw dth allocation
techni ques. [0021]. lilogi(#, ds, (®N)|, the total nunber of bits that may be
used for a B Emnd*tsh[- aiﬁl o)élati oﬁ(riyrs])]FiEQEG embediment; handvidthpartiioping is

enbodi ment , « g .’ﬂ{tﬂe%ﬁé{}fa{&f‘foﬂ& ziréfvas"t&ﬁgipﬂl%{ " in the sense that no tones’
n th

are wasted, so"that N, N.M)=N [0022 I's case, one obtains
ri oge(NS)1+r| og2VNy M |-o§2( N Me) | +I while [loge (NM)] is the m ninmm
nunber of bits required to'allocate a cluster conprising M tones in a

syste i N tanes, assuni ng .non- o, i NGk 4 g A one.
e)rlrbodw%{z? chaﬁ'ﬁeﬁ“‘hl‘iéﬁei t?e?ﬁmﬁlpﬁiﬁ)gﬂgﬁ‘{;ﬁgekg?éarﬁg% g?zll%ﬂlf).lr‘rﬂin H’g“leused to

schedul e usglro @p/]ﬁ )(s:}har ed frequency spectrum e.g., according to CSS
schedul i ng p%’r achdi 4¢uses edinddrome nuthbert 6 bitaseqaitedn oo raiocaig Drcluster
sl ow-noving user termnals, when the channel quality would not change, or

changes ver yorghRigy/c Qorfbs in sysRAOAEA IV Whell SfumikSRRORIRASHg RYs. be used. In
one enbodi nent, at |east one of a first rgroup of clusters of frequency

sub- caf®i28} s i s Ipionempodiseany rhanneb quaich indermation osttheyRbgndéer Flsmen beser s.
0 2uch 2 Shahl  Sachoola®sl R gulgas, Sagigl D° LUqmhe Bty o
fixedly asssohaduding epmbachl dscatsednbovel Tinthefcasesdf m@nmopingfor slowsmhevisg useki | t he
user is r ea’?els-ni1 gl(sa,dv’vhe%' fle ’chz(xjn%gl Elu%li%’ \():V(I;]lﬁg %gt change, or changes very slowly, e.g., a

pedestrian user, CSS approach may be used. In one embodiment, at least one of a first

group of clusters of frequency sub-carriers is fixedly assigned to each of a first group of

such users. In such a static or fixed assignment, where each of the first group of users is

non-moving or slow moving, each of the first group of users is fixedly assigned to at

least one of the first group of clusters until the user is reassigned, e.g., due to a change

in the channel quality, speed, Doppler, or an indication, e.g., NACKs, that some packets

are not being received.

[0024] In one embodiment, the shared frequency spectrum may be allocated to a secénd

group of users that may have varying degree of mobility and/or channel quality, or

when frequent NACKs are being received. In one embodiment, e.g., in the case of fast

moving user terminals and/or users experiencing Doppler effect, e.g. a vehicular user,

frequency Hopping (FH) approach may be used to compensate for fast variations in the

channel quality and/or speed. In one embodiment, the second group of users may be

(dynamically) assigned to a second group of clusters, such that the users hop within the

assigned group of clusters.

[0025] In one embodiment, a user from the first group of users, operating under CSS

scheduling mode, may be reassigned to the second group of users, operating under FH



in the channel quality, speed, Doppler, or an indication, e.g., NACKs, that
sone packets are not being received. [0024] In one enbodi nent, the shared
frequency spectrumnay be allocated to a second group of users that may
have varyi wg megressof nobility and/ or channel quality,p@rusrebsanrdsg equent
NACKS are being received. In one enbodinent, e.g., in the case of fast

novi ng user termnals and/ or users expegi enci ng Doppler effect, e.g. a
vehi cul ar user, frequency Hopping (FH) approach may be used to conpensate
for fast variations in the channel quality and/or speed. In one

ebodi ment , g SRECATeE M BhraiSfli SPoRGser] @éﬂ%ﬂaﬁﬂqﬁﬁw Hogify Lo 2
second group of clusters, such t users hop w thin e’ assl

group of cl Dgpléﬁlsefﬁf:@mspf lswedr}ék@ﬁhcﬁh Jiechangal. Usemne tmbodintest, higratp ojroup of

users, operati.ng. under dul i d be reassigned to the
second gr ougluff}f”%&%sé@gdf?%%saﬁif% St IR G, Sotier Gottas peT) Us2005! 607046
6 modefoogeen at FERYY smws o2 Aol Rfidn® biCingflersdatily YRRble Redhiency BRuREh
quality, mobility, Doppler effect, rate of issued NACKs, etc., is changed.

I'n one enbodligsafin tog P&F@Hﬁ of fliversp ysars r Ehe greuniies 2pwoeiatesofielysiers peahlesi gned
for FH, or yi ﬁ;‘g@? . nting
flexible fr géﬁgﬁgiﬁéﬂg%%tg%%ﬁh F#gcagta{ogﬁﬁ%s\%ugﬂ%leur a q{'%% %lgregglsgﬂégr S.
The groupi ngndthe é?%ﬁs:o‘bechlﬂadomexsf Tiod cisstes froanthb lsme aral/éd cbffelbhiesegmam\myh

partitioning and/ o | ocat i et wee CSS- schedul ed

ErY Schedul ofe 8B5pE inf o5, o St My ndfe b SHIOHE ey Pekamin Eofbrent s
may be grouges poiits, SrRUASaIPhcRsy tefhifaB) &b THd Erottp g%u%&ﬁ;f@ﬁﬂ ®eMBY be
known to the access points, sone or all access termhna The

gr oupi ng st figed andecaphngropmmay bg pecified bé@cgfmw%psmlyr t@ethspbl&fﬁlfmaéfdntg@t a group

ID. Simlar e Y i pg
structure nn%/&gwgg 4b§?éérér lﬁﬁﬁé W@r ene %Z‘él Sfég celcﬁﬂépg&t &atog{/)%p?t‘g of
group st ructispeiry bHgrodp sirehent fos eltfifaerstisectbis/cathyhaglallow imprrved éderfaréreef er ence
diversity. &027 I n one enbodi nent, a channel assignnent nessage nay
contain, be ‘the clusters ID and/ or segment ID, a FH CSS indicator or

flag, eo®@7] a Ongr fel ehbih&H Ok 1charhfé? Qési eﬁlgn‘@ssﬁfiéeefnatyacoﬂfaﬂiJ DefillesUhE’ S:
and/or a group of clusters for FH CS eduling.” In"the case of CSS

assi gnnent , clastersdP anddysseginent ha E\Héﬁ%n@dlc@ﬂougt 8eg,o8-2up (s-bitnindicatar,
identifying a user, a group or users, and/or a group of clusters for FH/CSS scheduling.

In the case of CSS assignment, a user stays with the assigned cluster group(s) until a
new assignment. In the case of FH assignment, a user hops within the assigned cluster
groups, according to a pre-defined hopping pattern, e.g., in the round robin fashion. In
one embodiment, all the clusters within the same group are assigned either for CSS or
for FH scheduling.

[0028] For the example shown in FIG. 2, the first group 202 may comprise the first
cluster 204 of the first segment 206, the first cluster 208 of the K™ segment 210, and
first cluster 212 of the (Ns-l)th segment 214. The second group 216 comprises the
second cluster 224 of the first segment 206, the second cluster 228 of the (K+1)th
segment 230, and the second cluster 232 of the (Ns-l)th segment 214. As stated above,
other group arrangements of the clusters may be used, e.g., different clusters from
different segments may be grouped together.

[0029] According to one embodiment, the first group 202 may be designated as a CSS-
scheduled group, meaning that the users assigned to first group 202 are fixedly assigned
to the clusters in first group 202. This may be due to the fact that such users are
nonmoving or slow moving, whose channel quality may not noticeably change with

time. According to one embodiment, the second group 216 may be designated as a FH-



new assignnment. In the case of FH assignnent, a user hops within the
assigned cluster groups, according to a pre-defined hopping pattern, e.g.,
in the round robin fashion. In one enbodinent, all the clusters within the
sanme groupwearesaseBdgned either for CSS or for FH scheddTigfgoospogua8] For

t he exanple shown in FIG 2, the first group 202 may conprise the first
cluster 204 of the first segnent 206, the first cluster 208 of the Kth
segnent 210, and first cluster 212 of the (Ns-1)th segnment 214. The second
group 216 conprises the second cluster 224 of the first segnment 206, the
second cl usschedudaB gnéulx,hmem'(ﬂg)that tise grsemt a@BMed atod stdoads goowpd 286 uster 232

f the (Ns-}J)th ted ab ts of
Che oi ust or iR abtgied do gieonfedt Ersefitidegiinn 21 Stondhit e Press BB ognent s
nmay be gr oupRHintthgadshaed gfoQQ 29 udea0 rﬂhiﬂﬁlan Be 6 t& HRAEEBRsuct BRrd Ak St

group 202 may be designated as a CSS- schedul ed group, neaning that the

users assi gfignedng iwhese ¢jienng qpaity mep repidlp ghapgewithgimed to the clusters in
first 202. i
or o1 o BYD: g Aking DlorEnbificd . W oAt yobidd e SHAN WOBE B iR T 0

Accor di ng t dugiers 262chThié amignmemtrmayslﬁdmsdi m@aps@%&hmls@amsimm%das a FH
WO 2005/ 096 38 PCT/ USZSOS/ 07046 g‘ sc I ed ggg meani a that the users
assi gned t 0®®&&dh&> Bi°b ve high q t?‘ SeFRdt 280 © M3t ers in

second gr oURavé High &&aﬁﬁeltdmaﬁtyt]ﬁehmérs@g]ﬂmmg and st B nidyenaA8 Hi @nGfdngyioup of
clusters. This may be due to the fact that such users are fast noving,

whose chan n@#ah@{]lél the S;Nﬂ'rh)y segpetti 2Y4.c Hansere Lwp.tand 3 aveall pdedopd fsédiSdesg to one
embodi ment, ngﬂ n gvlﬂég{)ﬁmb @o@ﬁ@'uﬁ@r@ Gisk:Q léﬂgﬁﬁbrﬁ%}f &rﬂéﬁl Jss1g1;fedl{§ ters

202. The aSS|gn e’user annel’s quall
di scussed ebsisre 204.208, anvdﬂez rﬂtspﬂ‘ﬂ:Wel}alteﬁfslgbupMnel quality | n the first

2 h h | t t.he Kth 210,
and uo b4,y e AL ARBPATEH T 4 b B 6/ A9 OdBFaRong 1. |1
users 1, 2, gr%ﬁﬁi o8 chisRrs?h 16, SHB%%JreQ' shed u§5$o5areefa§ movih®usd€ hdbnd epmyi ng or

sl ow novi ng users, users 1, 2, may fixedly assigned to clusters

204, 208, asiynging chmgb@@hty\/@ldépr Spen‘:d,f andsapcgdmgb spliezlulefl JoRHHL, thex menibag t o
one enbodi ta%c%ﬁ§e§s1gnep§su§§%rs62ﬁr 528 a%ﬁ%?d ecﬁge?%zlgﬁfs?é‘gecoﬂ g}éB%pI dly

clusters 21 Usér's“are avi n
216. Such users may hop from cluster to cluster within second group 216 according to a

U

predetermined, or real-time configured, hopping scheme.

[0032] In one embodiment, when mobility, Doppler, or some other characteristics of a
user changes, the user may be reassigned to a different group, or a regrouping of the
clusters may happen. In the above example, if users 2 and 3 become fast moving, while
users 4 and 5 become nonmoving or slow moving, users 1, 4, and 5 may be fixedly
assigned to clusters 204, 208, and 212, respectively, in the first group 202, and users 2,
3, and 6 may be (dynamically) assigned to hop among the clusters 224, 228, and 232,
respectively, in the second group 216. H is contemplated that different number of
groups and/or clusters may be used.

[0033] According to one cluster assignment, spectrum pattitioning between CSS and
FH users yields the granularity of N clusters. Hence, the choice of Ng is a tradeoff
between the minimum diversity order (Ng), on one hand, and the spectrum partitioning
granularity of N, clusters (NgxMc tones), on the other hand. In one embodiment, a
fairly small N, ensures a satisfactory channel diversity and granularity of partitioning.
For example, small group size allows low channel diversity because of small number of
clusters to hop. However, large group size, which improves channel diversity, increases

granularity, i.e., each time a new user demands a new group of cluster, a large number



changi ng channel quality and/or speed, and accordingly schedul ed for FH,
they may be dynamcally assigned to clusters 224, 228, and 232,
respectively, in the second group 216. Such users may hop fromcluster to
cluster wiRi s d group 216 according to a predet ] eal -tine
configure&?aﬁgﬁggﬁgpschene. [0032] In one enbodinent, ﬁgghﬂﬁggp?@?i,

Doppl er, or sonme other characteristics ¢f a user changes, the user may be
reassigned to a different group, or a regrouping of the «clusters may
happen. In the above exanple, if users 2 and 3 becone fast noving, while

Fivedly s SRR BP0 e, RHcT 3 Syor BEERIG hopaf Benitnfl 7 o1

group 202, wed users 2, 3, and 6 may be (dynamically) assigned to hop

anong the clusters 224, 228, and. 232, respectively, in the second group
216. H[q0§4]cont erﬁﬂcafdgﬂf orPae e&%"&’é‘?’e&ht& pf Jpsterg matigsa awabgofclusister s may

be used. [0@3&] § C| i ﬁ%@f £ ik 1 oni ng
bet ween CS andg Iﬁ%f—lgig%?%ee?%ﬁggefh?ér&{agrrllﬁl?lz‘%l??é@g(% aNg C E%?gy%?{%%ce, t he
choi ce of Nessigsmenttmesdagsf M (bnsssoutive) tanenpyimiyrberustidy evhslettire predise cluslgy, on
one hand, and.the.spectru arti.Lionin ranul.arity of clusters (NgxM
tones), on VHEDSHH: O?Paﬂncﬁglbgﬁ&eghgecgﬁ%gg%ﬁcﬁg miﬂh%/arsi%n%?ﬂilqlesﬁgeei’éur es a
sati sf act orisclags) el claitate coirésporditt @ tae doakdcinive)ferdimk nhdyl W infflcavef QR

exanple, snmall group size allows | qw channel diversity because of smal
nunber of BEAYEHGS CRYre Befueney EyEsity Wity eachcbapeki ze, whi ch i nproves

channe kversit | : i PN ] r
dommndl D hew or gs o OFeEPRET gobaR il infie., F g 900N bERAT, R HAE

PCT/ US2005/ Qasi€y264 oBtheflirst gnap 20Rigrdhe find elistevofithe satdadigroub 2th) ien}=2ause

i nefficient_.channel b i.dt h se. [0034] According.to.qne epbodi nent, a
nunber of | R BPes BRI CBe e gt iR AV Y B Ao b BESFETRA o a
user. To asiedly débighefStoaVis2 tustrsS208g 224, UBBWeRY, & thd Ak & schsmil@NoR P,
nmessage, M (consecutive) groups nmay. be used, while the precise cluster

A P .
wi t hi n eachhgPsupaNEse ®§e$’@é?ﬂdﬁqféél-%gﬁhﬁﬁser Dy hee pmpegiMR eronps abNeghnent
message. | nepdifl SaERS Epol s Céhyﬁke&s MOF b RQELS rﬁ}ltﬁo{dﬁ% %ﬁ%ﬁgﬁ&&%ve)
groups nmay be interleaved 1n frequency to ensufe frequency diversity
Wi t hi n eachinteifarened divgr8igB5] For the exenplary grouping shown in Fig. 2, a
user %38]8 ass'l\go%dcc}ngidgrhﬁxef case 1i.hat the user is assigned to the first cluster of M=4

groups of clusters. If the user is scheduled to CSS, the user may see diversity order of

M=4, and if the user is scheduled to FH, the user may see diversity of order of 12.
Therefore, for the choice of M=4 and Ng=3, either CSS or FH may provide a
satisfactory interference diversity. In one embodiment, a fast-moving user may be
scheduled for FH mode when M<Ng, and for either CSS or FH mode when M > Ng.
[0037] FIG. 3 shows a block diagram of a access point 110x and an access terminal
120x, for implementing flexible spectrum partitioning and allocation as discussed above
in connection with FIG. 1 and FIG. 2. For the reverse link, at terminal 120x, a transmit
(TX) data processor 314 receives traffic data from a data buffer 312, processes (e.g.,
encodes, interleaves, and symbol maps) each data packet based on a selected coding and
modulation scheme, and provides data symbols. A data symbol is a modulation symbol
for data, and a pilot symbol is a modulation symbol for pilot (which is known a priori).
A modulator 316 receives the data symbols, pilot symbols, and possibly signaling for
the reverse link, performs OFDM modulation and/or other processing as specified by
the system, and provides a stream of output chips. A transmitter unit (TMTR) 318

processes (e.g., converts to analog, filters, amplifies, and frequency up converts) the



cluster 204 of the first group 202 and the first cluster of the second
group 216, i.e., M=2. |If the user is scheduled for CSS, the user may see
dlverS|ty &3W§ of 2, i.e., the user is fixedly assigned to M2 clusters
204, 224, (&P38 it the user is scheduled for FH, e/ {ReMSORNS see

di versity order of 6, i.e., the user mgy hop anmong M=2 groups of Ng--3
clusters each. For this choice of M=2 and Ng=3, FH provi des an acceptabl e
interference diversity. [0036] Now, consider the case that the user is
assigned to the first cluster of M4 oups of clusters. If the user is
schedul ed PWPHESEIP piFRemy vt eragyateea I%nd\v%%% signab, whichgs trapgmitted fiom ent he user
i s schedul ggti@3%d) the user may see diversity of order of 12. Therefore,
for the choice of M4 and Ng=3, either CSS or FH may provide a
satisf%@ﬁbry in%@mmgﬁentéldDmehsmn@umwdsﬁmdsenmadﬁmémwtmmﬁﬂdﬂ&Onmn&ng user

may be | ed f.or t her S or FH node when

- © COBpERtpS o, SRR At i e PO, (i B bR e 05, amkergg et
access termznadL recdiz€bunitf (RICVRYB52 edtkdstd(efd. %h@h@n%ﬁczﬁgﬁiespﬁaefréc%iv@a" ng and
al l ocation as_di scussed above in connection with FIG and FIG 2. For

the rever s8g1al frm aptenpa 3a7 3ad proysies re&@lﬂ?ﬁh?@ml%s %ﬁ%}i@dﬂtar G?mfé%éé 314
receives t xﬁééséeﬁ (Qgt HefbMh %ﬁg@%@fﬁé ré’t% %ﬂgﬁ?%ﬁépﬁ&& 'de e&g&"des

|nterleave naps eac ta pac onPa ser codi ng
and nodul ddtta wm‘tm&shwh@h aaqabifyr Mnﬂmfdadchtwuﬂnolssranﬁnﬂaﬂaysl;mtbmhmﬂs a

nodul ati on_synbol dat and ilof synbol is a nodul t|o ol for
pi | ot (whi @h‘ycicgss ]ZQXpr ?‘oﬁ“}lve??\&br&a H%B‘issogl%%r 8@8?5\5%% ﬂé{gb
synbol s, pidn@ps Saeed saves2 AEld BBsoabd) e Sétedted 4A8 si@bols tf&eedcﬁ\f&ﬁﬁeal lahak,
performs OF modul ation and/or ot her processi ng as specified by the

system anPropdesdegededdlateforthat temisddt put chips. A transmitter unit (TMIR)

318 sses , requency
up co verfs) the?%%%@?s%£§&%%§88§/%W%a 1sgﬁ(9e %g'?§gk}?ggs%ream and
gener at es prooasshir| 380 ed gesnayataldatavdyimbhlsi si\trrodm]amBﬁﬁdedemsrﬂwﬁataammmm 320.
[0038] At access. point 11 dul.at ed si_gnal ransm.tted term nal
1 20x mnd Bk TR el Gt AEEE o arima SR O R o endpr or o
recei ved byman ﬁ’ﬂﬁé%ﬁ”}ﬁfocéﬁﬁ fhnd 9&%&(%§”anuﬁ'&tfout( EiﬁyPaue%M vﬂﬁ&peﬁsmeée 9.,
condi tions and d@?l ti'zes) the received signal from anfenna 352 and

provi des rewditioa b,}amae@mtw mwa@hmmsmm@mm 3wegnna 352. The forward

link signaling may comprise power control commands generated by a controller 370 for

all terminals transmitting on the reverse link to base station 110x. At terminal 120x, the
modulated signal transmitted by base station 110x is received by antenna 320,
conditioned and digitized by a receiver unit 322, and processed by a demodulator 324 to
obtain detected data symbols. An RX data processor 326 processes the detected data
symbols and provides decoded data for the terminal and the forward link signaling.
Controller 330 receives the power control commands, and controls data transmission
and transmits power on the reverse link to access point 110x. Controllers 330 and 370
direct the operation of terminal 120x and access point 110x, respectively. Memory
units 332 and 372 store program codes and data used by controllers 330 and 370,
respectively, to implement the flexible spectrum partitioning and/or allocation as
discussed above.

[0040] The disclosed embodiments may be applied to any one or combinations of the
following technologies: Code Division Multiple Access (CDMA) systems, Multiple-
Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-Speed Downlink
Packet Access (HSDPA), Time Division Multiple Access (TDMA) systems, Frequency




processes (e.g., denodul ates and detects) the received sanpl es and provides
detected data synbols, which are noisy estimte of the data synbols
transm’tt&g E&L %%g termnals to access point 110x. A recejve é dat a
processor" 3288 sses (e.g., symbol demaps, dei nt eM@HPRYIOUYY decodes)
the detected data synbols for each term nal and provides decoded data for
that termnal. [0039] For the forward Tink, at access point 110x, traffic
data is processed by a TX data processor 360 to generate data synbols. A
modul at or 362.recei ves the data synbols, pilot synmbols, and signaling for
the forwardivisign Mgl onpsees d 8ystpmse rind nHrthegonak eequergyt Digsion

processi novi ARk RERW @FPMA) SRt chip stream which is further

conditioned by a transmtter "unit 364 and transmitted fromantenna 352. The
f or waf0941] i nk SThgrsignelng mangmissivprtecheiquesascribed hewin meyrbandslemented &y ed by a

controller_370 for ald termumnals transmtting.,on. the reverse |ink to base
station 11VERY A% rﬁoﬁzflxm?ﬁlﬁk fhetS%éGCEWﬂWI Wg&’es‘lnb‘ﬂ%melﬁ?‘gﬁéﬁ?@t‘”éﬁ’ by base
station 11dfwiafe, lo8 @edonesinddn ANéres aF k24 hard&ardinipl@nafatdnd i gotdssigd by a

receiver unit 322, and processed by a denpdul ator 324 to_ obtain detected

data synmbotts uped tRRreesssLeg, GewBESY amsbxmcesie) sigaaling mayedeipbameatedguithin  synbol s

and provi a2 .ol i : : i ignal i ng.

Cont Fol | er 54 8 Splalifhy teifc fucsfics Bturd ARSI QI bfetligny

tC{:) atnsrr: issi (cD{ﬁP:s%%ndig'tta*lg:;ignﬁiléI Pmp“?iﬂtg hd&videhe(DS;Pm),s?roFfalmamﬁ dog‘gs@evpxdah nt 110x.
ntroll er irec e operation of termna x and access

poi nt 110X&Lﬁ5§ pﬁ‘ggi Rf8$§7{m1\9éfﬁ) Bie ?ffﬁy?s(%géﬁ‘sgn?fo?}sﬁor& GOHINFSy AL odes and

data used &itr6Res,Hcticceskdfy, attldr 3iéBkronid B8IRCAdsioned Yo pbiorkdReefB&ont he

fl exi bl e spectrum partitioning and/or allocation as discussed above.

[ 0040] Thedeg¢ried disesin, digowpnpanation egredfe Theprecsssingdunitpyusshdo decodenpd nat i ons

of the fo i : | es: Rk sk I S )
oystons, | Mo Ebiit hEGRRALA%ENIe o ekt o e oL i RS, BERRpE

Hi gh- Speedsolamnl i nk  Packet Access (HSDPA), Tine Division Miltiple Access
TDVA tens,_ Frequency. 2005/ 096538 PCT/ US2005/.007046. 10 Di yi si on
VDIt 1 BB ac coa et A, SHETIan Gié HOGUHA AR aich s TBVEIBNYe il 11 ol o
Access ( OHlomenysit B mdddR4 kb g ThRociees | fufdiohs, 3MaNdoSSn)Oatl figidhh HES

descri bed herein may be inplenented by ) i
functions described herein. The software codes may be stored in a memory unit (e.g.,

memory unit 332 or 372 in FIG. 3) and executed by a processor (e.g., controller 330 or
370). The memory unit may be implemented within the processor or external to the
Processor.

[0043] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



vari ous neans. For exanple, these techniques nmay be inplenented in

har dware, software, or a conbination thereof. For a hardware

i npl enentation, the processing units used to process (e.g., conpress and
encode) signaling may be inplenented within one or nore application
specific integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPD5), progranmable |ogic devices
(PLDs), field programmabl e gate aryjays (FPGAs), processors, controllers,
mcro- controllers, mcroprocessors, other electronic units designed to
performthe functions described herein, or a conbination thereof. The

pr ocessi %ﬂﬁnits used to decode and deconpress the signaling my al so be
i mpl emertt ed Wiridthoder flexibiyaillecadfy GentiPfeguenagectram tonplufdib4did] For a software

inpl ementation, the si.gnaling transm ssi.on techniques may be inplenented
with modtiedee B‘fc;tér.m,“h ‘Fjg@%g dar g’@%"’%ﬂﬂsl %ﬁ%‘%ﬁg@ﬁ% B LIy Q%Tﬁérte perform t he
functi o@sﬂmﬁ%ﬁwhﬁge&rmin‘smg&@hﬂﬁmﬂwmmpdsiag may be stored in a nenory
(o g. «cont r SRR X pbur sy Rers 3 edyhek Beaier AR s B BT Y 2 8 TR
t he process dire fipst genup of wrats beiog fikedlly sevigned toshe firs DAY cllikters;pmeévi ous

descri pti on %fsigﬁig?a ?Agé@ﬁ@a&%fﬁﬁmg {aﬂgéa{zpémﬁéab%ﬁi\é}s%?fs&& pl € any person

skilled in the~ar e or use resent invention. “vVari ous
modi f i caff besresthe secondgreup o mirodhonping withip e sévend goubi df glusipsar ent t o t hose
skilled in the art, and the generic principles defined herein may be
applied to other enbodiments without departing from the spirit or scope of
t he i nvént i ofihe el of chyin prwdsisixa usenjeidentibied bisa Megtindietinpwbathero be limted
to the ‘%ﬁ@)&gnji??cﬂ&cﬁﬂeﬁ@&%e@&ftﬁbﬂnﬂé&i%&r&en&0 be accorded the widest scope

i t [ ove

consistent with e principles and | features disclosed herein. 11
Clains 1. A nethod for flexibly allocating an entire frequency spectrumto

a plurald ty Qfe mS&S ¥ clalh € WRREJ #5IpRAVILAG: RMRnlfiedRaGIagegMENt , each
segnment having one or nore  clusters associated with a certain sector, the
met hod derigptipg Whagher the grayp ohgjusiers is pebpdulpd dordixgd ordopRingsssigmnent.r equency
sub-carriers to a first group of wusers, the first group of users being
Fi xedly assigned to the first group of clusters; and assigning a second
group of*cl ugt“‘e'ﬂ%‘“‘?ﬁ of claigy LdBehyT upIiging fepssiering g user g%‘egf?d"‘ﬁ BEUP

of users to the second group of users, or a user from the second group of ugers to the firse

group of users, as at least one characteristic of such user is changed.

5. The method of ¢laim 4, wherein the characteristic comprises mobility.

6. The method of claim 1, wherein each of the first and second groups of clusters
may be reassi gmed to a different group of users, so that the first group of users may hop
within the first group of clusters and the second group of users may stay with their
Tespective assigned clusters within the second group of clusters.

7. A computer-readable medium embodying means for imp?l«vememiug a method for
flexibly allocating an entire frequency spectrum to a plurality of users, the spectrum
h.mng ONE Or mone segments, each segment having one or more clusiers associated with
a certain sector, the method comprising:

assigning a first group of clusters of frequency sub-carriers to a first group of
users, the first group of users being fixedly assigned to the first group of clusters; and



of users, the second group of users hopping within the second group of
clusters. 2, The nethod of claim1, wherein a user is identified by a flag
i ndi cati ng whether the user is scheduled for fixed or hoppi ng assignnent.
3. The method of claim1l, wherein a group of clusters is identified by a
flag indicating whether the group 09 clusters is scheduled fur fixed or
hoppi ng assignnent. 4. The. nethod ofz claim 1, further conprising
reassigning a user fromthe first group of users to the second group of

ueers, a5 at. irpming STk eRBEAF QbR BEe el st i it ama® 5. i

met hod Oi)fmda&Lﬂméecmnﬂlgﬂ;&pnfﬂd&&'&bﬁn@@it&ﬂnﬂﬁé@rﬂ%ﬁ@!ﬂﬂeﬁwﬁﬂbi lity. 6. The
met hod of claim 1, wherein each of the first and second groups of clusters
may be reassigned to a different group of users, so that the firs?. group

of usersgmy RPmediih ek Blain®, Wickdh a Bfcp 1sAdified w-ﬁﬁﬁ_%smammgwwﬁﬁsond group
of users may stay with their respective assigned clusters within the
second gPsHiserds spdieddios fixed or RopRipgastighneadabl e nedi um enbodyi ng means for
i npl enenting a method for flexibly allocating an entire frequency spectrum
to a plurality of users, the spectrum having one or nore segnents,. each
segnent Ravi nghomedign ofplein &) wheren & suwyp obslanegisigangifiegbaflesmi n sector, the
met hod OfyARialiiig Rerh iR SH0bISK uslord i ber@lAUProPfixdd du%ggsiﬁ, Rsighmeftuency
sub-carriers to a first group o users, the first ro%p users being
fixedly assigned to the first group of cluster; and 12 assigning a second

group of ,glus S ediim oF Sl Uh-carkl ers ¢ ecol [ eul users, the
second grEg'up gﬁé@g{g?@gﬁiopplﬁgﬁﬁ#E?ﬁﬁ%@%%é‘gﬁggaﬁg%g%g*@%ﬁ%}gﬁe@g 8 The
medi um obf cdessi tnthz, seanind igeivp ofinsese pr 4 wset Glem thef seenidigyoup of beegs fortldh firatt | ng

whet her the user is schedul ed, for. hated or. hopping assignnent. 9. The
nedi um of"CPEI M7 as\/\ﬂi‘?&gi ® egﬁad?%%rﬁ&%?fa%&ug ef'gé"%e’?denti fied by a flag

i ndi cating whether the group of clusters is scheduled for fixed or hopping

SSSTOMTEN: e PRI O o e QiSRRG o 2

user fromthe second group of users to the first group of users, as at
| east one_characteristic of s‘}é]ch,user ié\ %Ban‘?ed. 11- The _medium of claim
e fig

10, wher _é?ﬂ t e Bpdipmof ng‘iﬂ%?*i i q Wmdﬁ‘?“lp?ﬁéﬂlﬁﬂ@? um of claim
7, wher ey @8t @inech iSa hitfeitht #B6h SRRAYE 0 HaP R FirR fordub WP bRk Smay hop
within the first group of clusters and the second group of users may stay with their

respective assigned clusters within the second group of clusters.

13.  An apparatus for flexibly allocating an entire frequency spectrum to a plurality of
users, the spectrum having one or more segments, each segment having one or more
clusters associated with a certain sector, comprising:

means for assigning & first group of clusters of frequency sub-carriers to a first
group of users, the first group of users being fixedly assigned vo the first group of
clusters; and

means for assigning a second group of clusters of frequency sub-cartiers to a
second group of users, the second group of users hopping within the second group of

clusters.

14.  The apparatus of claim 13, further comprising means for indicating whether the
user is scheduled for fixed or hopping assignment. '



may be reassigned to a different group of users, so that the first group of
users may hop wthin the first group of clusters and the second group of
users may stay with their respective assigned. clusters within the second
group of clusters. 13. An apparatus for flexibly allocating an entire
frequency spectrumto a plurality of wusers, the spectrum having one or
nore segnents, each segnent having one or nore clusters associated with a
certain sector, conprising. nmeans f bt assigning a first group of clusters
of frequency sub-carriers to a first group of users, the first group of
users being fixedly assigned to the first group of clusters; and neans for
aSS|gn|n a second group of clusters of frequency sub-carriers to a second

group oflfuselde apnsestus slam ?M‘%@W%Wﬁﬁ%@m%%ﬂ*ﬂeﬁé second group
of cl UWS}IL%W@T@%W@%%&E gﬁig"&sl ymentl! t her  conpri sing neans for
i ndi cating V\/net her the user is schedul or fixed or hopping assignnent.
13 15, The apparatus of claim 13, further conprising neans for indicating

whet her gk I wtﬁ@ﬂ iﬁg R assi gnnent .
16. The gpfparrg%lﬁ)ﬁlﬁapﬁ#gﬁgnﬁ?% ﬁ%'ﬁe%fl%ifﬂ%ﬁ& hn Q‘Ii?(g%sa ghing a
user fr dia finstgsouy ofgwerg kothip sespnd grewmsofiugers, maywaﬁm@mmmm@r s, or a user
fromth ser, as at | east
one cha?lé%?go?cﬁg{ilgg&odpp glfj%sﬁg %Sagleéﬁgﬁ %%g{%%gém%%?&bﬁiﬁg&é%%%%get“ﬂs of claim 16,
wherein the characteristic conprises nmobility. it The apparatus of claim

g oups. df c1 8t Bl TR T, e RS B PRI CORbs Ao ne™t i Tot oroup

of users may hOp vvithl n the first group of clusters and the second group
of user /- ? g{ S ectlve assigned clusters wthin the
second ;lrgoup ?a ”‘ﬁ‘é‘l"‘ %‘ﬁ%&“sﬁ’ﬁéﬂ EEABEESEhY t 0 execute

a. net hagsifand scfcbﬁi(gtﬁﬂlpé dAklgests agiffafnt @6ip éfelsérﬁ a0y ty fRRefdupwin to a
plurality of users, the spectrum E!?w ng.Qne or nore  segnents, each segment
havi ng otess g1y b i i gt soupd Gustarsagd the sepogd gwmp af H‘Pf%sé’ﬁacyo“ﬁa" t he nethod

conpr i S'uﬂﬂrthﬁﬁ%&%h%sﬁgﬁédr&lmﬁfﬁﬂﬁn@sfesé‘doﬂtﬁgl%ﬁ ofdlustdrgquency sub-carriers
to a first group of wusérs, the first group of users being fixedly assigned

to the first group of clusters;,, and
19.  Atleastone pmc&s&m; programimed to execute a method for flexibly allocating an

entire frequency spectrum to a plurality of users, the spectrum having one or more
segments, each segment having one ore more clusters associated with a certain sector, the
method comprising:
amgmng a first group of clusters of frequency sub-carriers to a ﬁrst group of
users, the first group of users being fixedly assigned to the first group of clusters; and
‘assigning a second group of clusters of frequency sub-carriers to a second group
of users, the second group of users hopping within the second group of clusters.

20.  The at least one processor of claim 19, wherein a user is identified by a flag
indicating whether the user is scheduled for fixed or hopping assignment.

21.  The at least one processor of claim 19, wherein a group of clusters is identified by
a flag indicating whether the group of clusters is scheduled for ﬁxed or hopping

assignment,



assigning a second group of clusters of frequency sub-cartiers to a second
group of users, the second group of users hopping within the second group
of clusters. 20. The at |east one processor of claim 19, wherein a user is
Identified by a flag indicating whether the user is scheduled for fixed or
hoppi ng assignnent. 21. The at |east one processor of claim14, wherein a
group of clusters is identified by a flag indicating whether the group of
clusters is scheduled for fixed or hbbping assignnent. 14 22. The at

| east one processor of claim19, the nethod further co prising reassigning
a user frem the. L @l gL, 2cand. ar ol (S, Or a
user fr o%’t he@?eéééém%’tm‘gﬁ’g%g“g{ 0@%&39"[@5 %‘E@”?ﬁﬁ@%@%ﬂﬁ éaaésiéﬁég as at

| east one ustrdroacthe first gropp of useriah thesegoni group hwsersdor D@er fForg thetsebapdst one
processor,, aikm. 222, wherei.n i -har.acteristic coaprises. mobility. 24.
The at | &4s _nf%%ﬁ?g%@e?éxg%?&poéﬂg a’i%?n&? ,5' gﬁ%%&%sggﬁfﬁfgh “F%és first and
second. chamgeps of clusters nay be reassigned to a. different group of
users, so that the first group of users may hop within the first group of
cluster ,and the second group of users may stay wth their respective

assi gned 28] usThy & lesist dnie pricheosefobive 20/ whapein theehuradietssic c&bpristhe met hod for
flexibly all|ocating a frequency spectrumto a plurality of users

subst ant M9PHY-as described herein and with reference to Figures 1-3. 286,
The conputer readabl e nmedi um substantially as described herein and with
reference to Figures 1-3. 27. The_wapBarat us for flexibly allocating a

f r equency4spe&he ieasieng prrcaysar oficlaing 9 wheran cach € thedwstand secgad descri bed
herein a i Li.qk ye b ok B ke rrone-of 148 I @GA8s aF« Pikegr ammed to
1 exi bl y e P e e Bl O RATas g of Befy Y Ry Al B

subst ant io&lidess magy iwsdmhinbihe Tind gejup obelusters and the seeprdhgreun of usery pragstay - 3.

with their respective assigned clusters within the second group of elusters.

25.  The method for flexibly allocating a frequency spectrum to a plurality of users
substantially as described herein and with reference to Pigures 1-3.

26.  The computer readable medium substantially as described herein and with

- reference to Figures 1-3.

27.  The apparatus for flexibly allocating a frequency spectrum to a plurality of users
substantially as described herein and with reference to Figures 1-3.

28. . The processor programmed to flexibly allocate a frequency spectrum to a plurality

of users substantially as described herein and with reference to Figures 1-3,



