WD 2009/ 052420PCT/ US2008/ 080361 ~OFDM-OFDVA- FRAME STRUCTURE FOR

COVMUNI CATI ON SYSTEMS. Cr oss- Re el ated Applications [0001] This
~application clainms priority to m@@@mﬁmﬂwmﬁ, onal Patent Application No. :
60/ 980, 760 fil ed -on Cctober 17 Provi si onal Patent Application

No: 61/ 020VDYeRELY January- 11, 2008%and-U.S. Provi si BEEMSI0BYBPR6L
Application No. 61/032,032 fil ed on February 27, 2008, the contents of
which are incorporated by reference herein in their entirety. Field of the
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need for nobile high speed communication systens to provide a variety of
services such as the Internet, television, photo sharing, and downl oadi ng

nmusic files. In order to legyg Ffe?eﬂ?@to%@él?(t‘e&%%gh@atﬂﬂ?' | e high speed

comuni cati on system nust e to overcone variety of difficult
operating conditions caused by the environnent. Armng t hese operating
condi t i ons [%103] Fhist snplieation; gfaiass prigriy de- Byinbiovisiendlr Peterénapplicam Noand

i nt er - changglog, ns@ﬁfe@ bR OeRbéd ) zodvnu@b*dv&mte?@ﬁg@l&%ﬁw' #2b 380

systems, multipath is interference’resulting fromradi o S|gna s reachi ng
the recei vifig Bavasnid, 208 b UsS. Rrovigonsh Phsnt Applisationdfo.rmilf032,032 Hilehoh ude

at mospher i GeGiieli 70 20b@NAS BRKS of GhIRGL Ao LD ne@fi! Bk ect i on

A &
fromterrestrial Obj ect's, such as nountal ns an UI| |_ngs. . . _
t el econmunieptteiyons, 1ST is a formof distortion of a signal in which one
synbol interferes with subsequent synbols. ICl is a

Field of the Invention

[0002] The ‘present invention relates generally to digital communications and more
particularly to Orthogonal Frequency Division Multiplexing (OFDM) and Orthogonal
Frequency Division Multiple Access (OFDMA) systems.

Background of the Invention

[0003] There is an increasing need for mobile high speed communication systefns to
provide a variety of services such as the Intemet; television, photo sharing, and
downloading music files. In order to provide such services, a mobile high speed
communication system must be able to overcome a variety of difficult operatlng
conditions caused by the env1ronment Among-these operating conditions are multipath
signals, inter-symbol interference (ISI), and inter-channel interference (ICI). In mobile
high speed communication systems, multipath is interference resulting from radio signals
‘reaching the recei.ving antenna by two or more paths. Causes of multipath include )
atmospheric ducting, ionospheric reflection and refraction, and reflection from terrestrial
objects, such as mountains and buildings. In telecommunications, ISI is a form of

distortion of a signal in which one symbol interferes with subsequent symbols. ICI is a-
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formof distortion of. a signal caused by transm ssion of signals on--
adj acent channels that may interfere with one another. [0004] Figure 1
illustrates a nobile radio channel operating environment 100. The nobile
radi o channel operating environment 100 may i nclude a base station (BS)
102, a nobWQ2089/¢52426n (MS) 104, various obstacl es 106/ ROBUS2008/0883¢¢ a
cluster of notional hexagonal cells 126/ 130/132/134/136/ 138/ 140 overl ayi ng
a geogr aphi ncl ude
-a base statf?glnoﬁ%gglgg) ?%gaggﬁ%ltcg@g{il %cat&’ﬁ% cg}]s}gglt%jo?' %Jg??%(}. }e&hlttjate
radi o covemmydnterdere withion¢ amtled users. For exanple, the base statl on 102 may
operate at an allocated channel transm ssion bandw dth to provide adequate
cover age t ¢0QO4EFigotsil iéluSttamsia(mpbilemdiOTmnmgmramatehvimnh&ﬁt Hi9d Thaenobidbi | e
station 10 | . nk nd a Up|lnk
radio fr arr;:}a a%g% cY ng%?nvm tq%%ag FEE du@ %an }%@ 1D
di vi ded i ntsatistMS) m@wibﬂﬁ)bﬁs%lem{)@m&mam m&ddﬁmerdﬁhancsmthg:‘oniQ&ﬂiZS I n
t hi s nobil atl envi ronnment . 100, gnal ansmtted
from a bas 2@24/&?2@8@%43%2% ?Yﬂff Y'Ponft ﬁ&o%??i“fcéf "i‘f@ac ¢‘|1d| tIFOar?é feht i oned
above. For 1emmmlsa/1ml35npa/um Sheyn &l cludle N pasn katidrl 2ps@ind GE Uts @focated
: consequenci ‘{W rfnf | ectj.on scatferin and diffraction of the transmtted
si gnal ARQTdin 1 Regv e afianetlo eayprREE © tsdRipAdsa NIty . FosexamRlcy th ks er

ant enna 114tat1@n Nob trhidBerDt &1 GNallctatdBYchadiel \fﬁninﬁlmmmw»ﬁatﬁf@rﬁ%de
directions with different del ays, attenuations, and phases. Generally, the

time differdivatelsaysias o theamelnleisiasipn Addve e kese stptéons li%apd thedeobjlegtaion t i pat h
conponent %6 n(atyYOQhﬁﬁJn Mtel V1€ al doRRLRE rAPREME TR ORE %)uphﬁig ‘f'adw'I ﬁ'arh@q 54

received nultipath conponent (possibly any of t'he nultipath signa

conponent s TC.LSPQC)UVﬂs’ darh ediaifimy | B 24anay hmﬁlﬂe‘)@rrﬂ)vlded lnmlsubffrmqg ri@D/sl 26 t h

vari ous deI t 1399 Sg PH2SRS r t n as 1ST
and ICl in t e regellﬁ{s}g%[ gl&gn Fﬁgfg‘he di §torﬂ?¥}3(r§1 n?r@f/l%c%lrjr%l %g%eq "?"Sgagg i on and

conver si on eofiranment ¢6&i a eignali gamanitiedt foorusiebask statioor 108t may suffgr frmathpl e,

cgln?gl zg(rjel ﬁ r?ﬁ%’g (r? ﬁ%n%?;agﬁ{é&fgggo‘{é 8%%]“@?%%)90 tlgg%ﬁ(l quenc% l%on

Mul ti pl exi mepy(cFDMs 4 sonsevmenceait neﬁpnéoﬁshsdaﬁermgbemmglfmw opdae tfammmegh speed

conmmuni cat i on t ha ate d ot her, difficult

oper at i ng Cc’%%l i i %aiqggﬁﬂég(ﬂ"m%\m%?@s %fﬁ %@%E@ g&&acf\é%bvﬁﬁﬂﬂtl% 118n2 channel

into a nunhedtitnfe of tsizagonmdy atibe Ifmnneiaﬁy adiffeeet adirebivnd Wit Hiffefeac delaggpchannel

i s nodul at ed a un bcarrj.gr signals, whose frequencies are
equal I'y and™ Fﬁ"%fl F@Fqéﬁ‘é% o&ﬁ’ﬁa l&ptg? fge Jdﬁ?fawe eﬁ”"@f‘fﬂi’ec?rélﬁ?:lymorgﬂ@ gr oup of -
subcarrier g m@ﬁ’eeelwdenumﬂmﬂswmﬁoaerbe 1@(@;&1&9@&1@& hnermf@ighﬂanﬁﬂaﬂedm&@rthar oduct

of any two of the subcarriers equals _zero. In this manner, the entire

bandwi dt h a3 Efeavﬁamvkﬁlpethéoglpgrtcéh@%ﬂw Wd%fdh? muBlpaﬁhtsrﬁslgmpogmhlﬂa i ers.

[0006] Ot hoearalelty @ﬁb‘ﬁn%e[aoﬁibﬁaﬁéh MuigraR! Gt \eE RS dé18EOMRhudtRng and
mul ti-user. version of OFDM For a communi cati on devi ce such as the base

~station 102>hasfmmawr@tea®§te§@ns such g dpanddRbdn thy reeeiied sigagl. sThesdistartion

or t hogonal indi i er
Gevi oo may "l SRR ER bRl R FHEn DR SIRREN SR 16ty RBRRLPCT.
communi cat ikeg. CXFIOHiQJ]ielAn spiggdbmeny ¢ansst I$oiw ther usef risfoomation| (M) syindobsh t en

used to fory i nd the nunber of orthogonal subcarriers
det erm nes ?ﬁtﬁﬁgagﬁgﬁﬁg{q%ﬁeﬁ%nsform (FFT) size (NF) to be used. An

informatio T‘%Ql: @F@‘ﬂ@e ( b the | FFT
i s transf on ﬁ% [ nhoé&a?Fﬁegg%tcgaﬁ)é%BJ% Fhlp lle;c()ﬁgo h or(%lrﬁgtg%g’a e% tclgtr riers.
The nodul atbemg defeldoped fmrhlgbgmmhbormutmeamnethat daommisigaier delmyf spreﬁtandlmasynbol in
the tine do

"t heorpae it pRetirecionaiodh. OFBM Bhitl ooy df BElStintpiflh ¢ 10

or t hogonal ,chirie] Bpachungbeb of sriR@oral subdhidnhely oNequabhandeid. eE4sh Aibchannehi@sen to

be -1, and vice versa the OFDM sy durat on Tis -1. T.
: modu ?ated by a unﬂlue group of anBcamer 51gna S, whose ts requencies are equally and

minimally spaced for optlmal bandwidth efficiency. The group of subcarrier signals are
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‘The nunber of avail able orthogonal subcarriers k (an integer |ess than or
equal to NF) is the channel transm ssion bandw dth (BW divided by the
subcarrier spacing BW, or BW*T.. [0008] Figure 2 illustrates principles
of an OFDM OFDVA mnul ticarrier transm ssion with four subcarriers. The
princi pl e O¥O?U9052420arrier transm ssion i s to convert RCEHEBI088/08h36gh-r at e
data stream 202 into nultiple parallel lowrate sub-streans 204 by a
serial-to-parallel converter. Eac arall el sub-stre is.modul ated on to .
one of isi (gﬁ%sF t Itt1°oléeo(r)1 Oegpih. 0k ru}get?% P%%?m\%cérpga%wos%e PYRCAIGIEE R | f or
exanpl e, caerobelmgtigatiemnédale entire juadwidth dlkRatedhe thie sgstém Sik réddo®l afie :
nodul at ed o%o tgle r,.sub-carriers-206 with a spacing of Af in order to
achi eve orf GE e &tween the signals on the Nc sub-carriers 206. The

-resulting al | el dul at ed. dat a ,sy.nbol s 2 referred to as an OFDM
Gynbol 5 MR hRhagsnatireqsp By Ead AR Acke s 10r B i e Filibiner €83 han e
synbol rat &f OfFDME Foi ficérmlinisfionalevid@bidh202he bAe stalidM @Y Fdipte adcessl eSS
sensitive to tim ng. Thus, .t he effegts of s&g@ol overlap.(i.e., 1ST) caused
by delay sPFeRPIRE: Raasiangie ety RhARRIEonloBOTpiery iR Bdyique} silserihees 1ST
bet ween OFRQVGEELRMA SibERBESdevRE nf) B rhdbilEk@ié1 6% witHMc OISy Hrhg2 S| - S3
may be transmtted on the sub-franme 120 of the downlink radio sub-franme 118
fromthe baS®TIRYHGHAS-(BS) 102 to the nobile station (MS) 104 (Figure 1).
Mul tipath conponents 112 (Figure 1) ma% cause a del ay spread 302 of the
synbol s Sl [0008R Anfryersgdpshyousr aesformy (kBN d & oftencusest tovorr thepsubsamiinss, end1-  S3
to overl ap geamimed h)?rorth§$tﬁlal bufbRrride® HeRRAinBC BT st BRIMEE Rarf M @%zt?ynbm S
S1-S2 and S2-S3. If .the TSI is large enough, the signal receptioh may be
di'srupt ed. (MRL0] bd vsedr darnfounatiak eymbrl GFDOMaGRMRoB\is therfraqueney doaigtof t 0

mul tipath si S, an.extension i§ made to the jnformation synbol called a
cyclic pr,efﬂ'i’q%%%ﬁ%trwmﬁ ot e a%féal{l gloalélﬁ%?rh‘l’fjltge oriogen Ef"bﬁ%‘f‘\?\ﬁeﬁﬁ&dj acent
OFDM OFDIVA nsydiafacibis ofthe SAMOnAl Rulidagiiefssfofns aiafogyiatdnCsyRibel inXhedfige ddmdiypi cal |y

‘pre-pended to each OFDM OFDVA synbol and is used to conpensate for the
del ay spr eaddth adwgtencdd Ruretina Fai gﬁné%lihﬁ@m%ﬁbtoea&pqhaimn'g};‘ﬂbétfbwym cyclic

prefix 402 can al so co nsate for other sources of delay spread such as
bhat from SRSgYs RapMEGUPRTTee: to Selotthoatrab s paakios (pies tepgythogonal
significant Ig reducing or avoiding the effects of 1ST and ICl, the cyclic
prefix 402 supapicrepds ?}E’S?Pa‘i"rhe??n agd viee yersathe O A weabolidyeatiop (B

~signals on the sub-carriers 206* Figure 2). The cyclic prefix 402™has a
duration TGpe Wihib f ) L hus, a
tora CPov e Ery%glvgﬂgﬂlr@g??‘g%&@s3"/&%%?%3&@07%@%?(11%5?%’83%,&?%@hi s

- exanpl e; a yofpls GERMAQEDYbsayRRAl batldwiati OBwOfdivided By thelsubcabfer@icing
enpl oyed for transmtting an OFDM OFDVA - synbol ,-only the useful synbol
duration TuﬂFiogLOg{@*?’%) may. be avail able for user's data synbol )
‘transm ssions [ 1] ""As nentioned above, the cyclic prefix 402 is a cyclic
ext ensi on of each OFDM OFDVA synbol, which is-obtained by extending the
durati on ofjogus) Bl TG \prRebles bf SUOED/GIONR BiltiSarREMERENisGYE Witk
prefix. In Figure 5 a_sinusoidal curve 504 corresponds to an original

si nusoi d wHewesubssaiesy cThe nsincipleof sjultireastier tragsmaissignuisde petyerg a serggd high-rete | 64
sanpl es w _tdiatazgrewzzoéaim I Hi f@fvﬁgllel E&W-rét@ IsSb-SXARR| R4 g séryht?-‘f(ﬁﬁgrh?é‘l_
frequency is 312.5 KHz . A cyclic prefix 502 of 16 sanples (0.8 gs S -
pr e- appendedntentet. Héach pargilel ahib-stedasas modulated4n whoretof Y i bithdgasaltshtecariergi nal
sinusoid of frequency 312.5 KHz . The sinusoid is now of duration 4.0 is,
‘whi ch al | 0\#64 Wkere déelsvarintegerahaspfoe example, can be greater than or equal to 128. The

N, sub-streams are modulated onto the N, sub-carriers 206 with a spacing of Af in
order to achieve orthogonality between the signals on the N, sub-carriers 206. The -

resulting N parallel modulated data symbols 210 are referred to as an OFDM symbol.

Since the symbol rate on each sub-carrier 206 is much less than the symbol rate of the. -
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. transm ssi on-powe

one period (3.2 us) of the subcarrier 504 fromthe bigger wi ndow (4.0 us).
In this manner, the cyclic prefix 502 acts as a buffer region. The r-eceiver
at the nobile station 104 (Figure 1) may exclude sanples fromthe cyclic
prefix 502/ 402 that are corrupted by the previous synbol when choosing
sanpl es f oW@OHONASZROVA synbols (e.g., Si - S3 (Figure BET/USIPPR08I6E|-i C
prefix 502/402 duration should be optimzed to increase bandw dth

o var o S Dk 2 ALk SRS SO IRS y, (Rck 2 1 xe0
comuni cat symbol pratapciod., IBHrcagkied by ’ddelast spperd riegrgdse for thie dhmamsk st ructure i s the

way a communi cation channel is divided into frames (e.g., 118/124 in Figure
1) or sub- 0098 EBigpe. JillusttaRB /13 Piget weenFORRMEOTDMAGymbplan #xishewmin Figive 3f r ane

structure or systemcontrib s tq determ ning

per f or rrancg;FgM/ é’%?ﬁ“&%%h‘ggs?‘%%ﬂ‘ﬁmamﬁ%m afultbbfr esﬁ(?é)h]r}ﬁ? he size
Eind ti m ng defnknkopdibisab-iame 118 ifromathé fomwﬁﬁn SB&CﬂOQiti&ﬁlehﬁolﬁlefstaaiﬂB (ng :Jct ure.
0013] . I'n exi st.i ng, OFDM OF syst el uch . as Wrele Intergperability
for Mcr oméeéfﬁwg%gg ﬁ%lm%c@mz’%@n%ﬁ? KPiglﬁ? LYy §aysedy w@feaﬂﬁ@% ot it s
-fixed whensgmBoisisemsss THRRIcRY Gfread Ria§ chisBitheSOFOM/OBDMY byibodf sthe3 syst em
for efficient bandw dth utilization since the cyclic prefix cannot be

reconf i gur e¥erlangach otheragucly that IS804 eequpsperwesmOFIM/GEDMA symbelef E-S3eed no

mechani sms gbaysali} VI iPRMR eAbifth! AP siphal FRENER Py detfifilgur e the cyclic
prefix -duration for different comruni cation usage scenari os. For exanpl e,

when comMmumy@d} (PérdertodndkBARTHDNMMEIMA sHSQnSRY fbtst iRl siglieat S
(i.e., large delay spread), a longer cyclic prefix can be used to elimnate
the | SI angxtewyion ismade asthg énfermation aymied! called @i ayrlonprefixn The dyslieprefiwibo? pat h
i ssues, a L ' | \ e ad and
oy Skl e GO B O BNl B o B
provi de a flhameclistprafixt492as fypically pra-pordefldo eavh CF TONMDAMA sOFRDAMRnd ysusedrs t hat
nore efficien ' refijx. ls“mr .Of ny i.Qn 014] An
OFDM GDVA@F‘%#@%%?‘%C eugée.1g L%ﬁ%olﬁ%%aéw? or conrfxrclljzr;l)icga |loAr‘1°’ & %ﬁneegge%’g" :
di scl osed. ThheydkRivdfGHOKKcahrabsorosipensate oreother shroésoaf\delag npread echas waat i abl e
| ength sub-frame structure with efficientl i zed. i c,prefixes, and
e T el ent EnaTIE BP o Pdsflnafarats. By SERibb e fgor Frggnd
OFDM OFDIVA tiia effisnitsd b ISTFanidt 1) ther eyclid Ipeefixf 402nEss helpe ttdl meaigia Vorthegonally
conpatibility with t i reless co ni catj SYysS . An_upl .nk frane
truet ure. drvedt g ARrvsOhoisladelE 38 b araieg P08 GRS 2 obresponc Frebiey |
embodi ment 409 AR 4 §fsiANT, ORAMh AR L8O HieGRL Y mBYIHhARbn TheTiEDMotdr DVA
comuni cation system conprises a plurality of radio frequency (RF)
- channel s, \GFOMIGFDMA dgmbeh@BReInS 76,0 MMyl tee T di-SEI. MAlBSughadiniskixample T e
. systemal so conprises a transnitter for providing a plurality of OFDM
subcar ri er SotalT F DRFOVDMA cHibok daradonpifi 58, a= {7, xedT;s uhsyalbe | @iplsydciong
“chosen such that the OFDM subcarriers are scalable in nunber to utilize any
of the RF chasmi#ting. anl QFDNEOEDNG syretntl, ordy kheREefohsymrbel divatiow d{Figure2)t he
comuni cation system can be divided evenly by the subcarrier spacing.
[0016] | n &eaYibeiaysilablefar uspss datg eyambol tiansméssioBonpri ses a processor coupl ed to
the transmtter and operable to provide a flexible radio frame Structure
conpri si ng (80331 dsamertiongd apays. ab coNcEn refixe POR i provelic steppien 4Bl @ckor the
RFE channel {riIFOMA $§0800 GARRMISTRBLaif@ B SRSndingd OISR QT 3yStem
The conmuni cati on system COTTEI:I ses at |east one base station supporting
variabl e cyiRM/Qa¥Asyabobt Figuee 5 Thews an pxmdark yegtliccpefief ilx Fignrabi ans ar e
chosen "based, 0fqa &k '50&9&&%@&85 f’%)raslaorl%{nafm &l &h%?escfne%?g BARE 'ﬁﬁs%id gn. The
system al so-conpri ses~a processor for —provi di ng a flexi fe ra 0 Trame
struct ur e wifiduiatipmd.2t jree(iea i alwhples with 20ypHz samplangi mtepl uF art thisrexamiilgthe | exi bl e

radio franme structure is.u t he at..l east e se _station.f.or
e o B ey it TS R ' St BRRH SRR 56 08 md bR DE Biser b o
to cal cul atappendpd tor tht iotiyinalf subéaiiier$0g aphichassiti 0as dieatdigitial sinwsbid efafedquang of the
sub-1 1 anes ., whe gl NG LTI 19 4a0s, Be. 49 20U ALE DRSS BB e N®
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[0018] A thi rd enbodi ment conprises an OFDM OFDVA radio frame structure for
comuni cation in an RF channel in a wireless network. The radio frane
structure conprises a plurality of OFDM synbol s each conprising a variabl e.
cyclic prefix duration and at |east one OFDM data synbol. The frane :
structure MEWIYBMH3Pi ses a plurality of variable size BCHU$0e8M8&I6f or ned
froma subset of the OFDM synbols, and a plurality of radio franes for.
transmtting a s t of. the vari syp-f.rames fhr h,the RE channel .
The 't rane. St EBHIES bl Endsiicr S Bo ek bk a Moot G- et toet o e
with the rddigchic prefis 0aracpr svi duffg @gionot Bt jecdiverait thd fobide Yatidml0fons at
signal receptio The timn aps are cal cul at sed, at least in part,
on't he var f@%lrfsq&m i%?lbcfge%aﬁse%aﬁﬁoal ihsrﬂi.y&lc[ma@%ﬁmm @%@ﬂfwﬁ'ﬁe P
~conprises 9re¢léﬂ§ndﬁrh5@lt WRdh 8hodi8ENsahpIes GRTONDMIOFDMA Sy BbANELMNILEBS a
plurality of RF channels, wherein_ a subset of the RF channels have '
di ssi ni | ar TWEERND) ARl elich Brefix 2026402t dirptinns shoubiinbe | eptignized fonnsFesee f ast
Fourier trgasfdieficihdy iROgiWg) operable for transformng a plurality of :
frequency domain data syhbols into a plurality of time domain data synmbols
respect i velgo12jThaeRYctiRMifMbhd) 8 FrabRNPE HRES ordvaeMBlL Idne B fabket of BUE RN
operable for selecting a cyclic prefix froma pl uralgl ty of vari‘able length
- cyclic prehasxbeent encedadaby aacesermenicatigns protacel frredipital trmsmisgion.e nd affayee

COmpri Ses g&cﬁﬂg iCYE! x!v%' Q-Vcﬁ&h?ﬁnﬁ& | ShafRE.AfvRICH toafﬁa%e'gﬁte.g.hq_wﬁb@' ed

cyclic prefix to each of the tine donmain data symbol's to obtaina plurality
of OFDM f r Hrgusee, 1)[@ 6B frambe(esy, 2oy Fighre d ) darpnimiesion. ptluckasostruopes abl e
for providi i f i Sl.ze -frames.fo r subset
of t he. GFOR] P anEo¥! B2, Yhienf RuRoplia (S Wb BREo Yol 80
plurality ofmmandicaiohrsystem. f bra tommanicstions gysiens,ube atze aihd ttinging af iaadyckc si ze
sub-franes t roungI ag.leasf%ﬁne f tfge RF. channel s. ‘The processor is :
further opgfe B2 P bsaﬁ_p?:ciﬁl ynag‘?aénepﬁ Tllf;lgferty of timng gaps associated with
o MR, SR AR e [ PRt oteli S Lo
at | east i Mip@maye Bloceds CWEVMIAK) pthefoyxlicdprefit ieonfiguiable, Bl iedst fixkdcyldni €
prefix. [0021] A fifth emhodinment c ri.ses nmet hod .f or.conmuni.cation in a
Do cat OIS HERPYhe THE B EOMBRRLES Of SeoFoiHy (o S Re B it a |
synbol for utiiafsikiacd M8 cOdlicpréfdéadnstianehfig@ed] Aedifedallfgin@xeyed framPr ef i x
froma plurality of variable |length (i clic prefixes to obtain a seEected
cyclic preffhryhdraipfiidly BrLEN EBhis 310862 BaaisHYOR Hechaaps e BEPHARRICItBe pr ef i x
into each QfclichRefid dRaftH R Qiffbadn® conimMLAioh Qisst RérArids. PFo @ainple, YheoFDM
frames. [0022] A sixth enbodi nent conprises .a conputer-readable nedi um for
a conmmuni cAPTBWHNISYioneiR aTohanneh Ftiere e Aeest enHirmt fiedimite-s 589 AR am code
for recei Vish@ad), 4 1dHBeOQ/IRE Bre@i%tc%n DR tof @inikdt@BRSE SALTTIONMnAeds At e
channel . The program cdde al so selects a cyclic prefix froma plurality of
vari abl e | ehaymnpl eopditipes, piithifewes snultipath iseues, adshert eyalin wedfixagn bpusddrin ardse| ect ed
cyclic pret] rEgml_ d j f,Lx into
each of thfé(5 ﬁdﬁ%—éqgvoe%lg% at g&ggsﬁgolgls@“t%g gBétrgﬁ%ﬁes gdegﬁc%%g?eﬁ%fg&oﬁs%@ﬁﬁwr anmes.
[ 0023] The nwethydsithet proeidel a filame steaiturenfordyghf perfoimencc ORPM ad QoY Azystensle f or
addi ng the 1%:[)'\({' f?réfﬁrge% tuc%e?ﬁfcl elg%i lgéte sub-frame prior to transmtting the
_G:DI\/Iframe§ S ROF RIS |y0_ &P he program code may al so provide a
~plurality of variable size sub-franmes forned froma subset of the OFDM
frames, and provide a plurality of radio frames for transmtting a subset
~of the variable size sub-.franeguhlﬂ{ﬁg]gptﬂehﬁvgn@lq;lo channel . The program code
may al so calculate a plurality of timng gaps associated with at |east one
-of the variable si sub-frames for. providing a protection for tim.ng

1ze
vari ati ons (145 gn@F DMEQEBM biia mersirueiurs 1eghnglagyifer comewnistlion wased isat
least in PRidios@) PrLYPDMIOPDRIA Kraflbisibdetl 1RhndIBE SRARRELH vEY®Id endih oF 1 X.

sub-frame structure with efficiently sized cyclic prefixes, and efficient transition gap
durations operable to effectively utilize OFDM/OFDMA bandwidth. Furthermore,. the

-5.



[ 0024] Further features and advantages of the present disclosure, as well
as the structure .and operation of various enbodi nents of the present

di scl osure, are described in detail belowwth reference to the

acconpanyi ng drawi ngs. Brief Description of the Draw ngs [0025] The present
di scl osur e WQ WoueeBPdance with one or nore various enbBdl/HEAE8080368
described in detail wth reference to the followi ng Figures. The draw ngs
are provid exenpl ary-
2ont ment Sk Sl BRRER Clrmbath) 4R bR AU MRL ARSI B, TP 2

t he readerUsllmfmes&tlammer@d@fdovvhbnldﬁrm tsoues aﬂplrosidedll d not be considered
limting of the breadth, scope, or applicability of the disclosure. It
shoul d be I[\QﬁléhAtifnat erﬁbndim¢r1ar0bmpriandné&“sDMMFDMAu&mmmiiaaﬁoﬂ Isv;em difhsv ngs -
are not ne de 0. 56 0026 ure

3 |dJ ustr B':F n of an
OFDM OFDMVA 10 |Ie radi 6 ¢h cﬁé?n 5?6(5 99 155?1 R n‘} raf‘ﬁ }leriﬁ?/g( 2 is
an il ustr ahdnnels oivhq‘:emrthe MPeehaﬁﬁelanoxﬁﬁw diksthfar rBahdwidehss | Biie §ysRASASSI ON

with four subcarriers ure n i stratiqn of_ex ry:
CFOM DR ERHRST ¢ BRSEIE i aiauiinp apirsi] Gsopipd fibpartips; Tl OFBM

il urS]t rati @Ilibgﬁ!frle@(@imngf g f@m%h’igsﬁayﬁf@cﬂhsi,e‘lﬂﬂ suth %ﬁihb@f?)lﬂfmﬁcakrﬁbirl@rt I ons
in the tine do ure 6. s an ustration of an exenplary
OFDM CFDI\/Aa@x%’(Tﬂlgt’lﬁrIQ '&‘5‘??%!? ‘EH?ZF SRY &f theckF &L‘%‘B‘F l8i g ang embodimsati of the
i nvention. chQR8Han&k@ditsn thelcdmBRinichtidASykehicaR bOiivRiad B¥EIPh Y sEicMeOFDVA

digital transceiver accordi ng to an enbodi nent of _the invention.
spacmg .

[0016] In addition, the system can further comprises a processor coupled to the transmitter
and operable to prov1de a flexible radio frame structure comprlsmg a plurality of variable

length cyclic prefixes operable for the RF channels.

[0017] A second embodiment comprises a communication system. The..communication

- system comprises at least one bése station supporting variable cyclic prefix durations. The
vaﬁable cyclic prefix durations are chosen based on a cell coverage érea of the at least one
base station. The system also comprises a processor for providing a flexible radio frame.
structure utilizing the variable size cyclic prefix durations. The flexible radio frame
structure is used by the at least one base station for transmitting data to a-mobile station.
"The processor may also be opefable to calculate a plurality of timing gaps associated with
at least one of the sub-frames, wherein the timing gaps are calculated based in part on the

variable cyclic prefix durations.

[0018] A third embodiment comprises an OFDM/OFDMA radio frame structure for
communication in an RF channel in a wireless network. -The radio frame structure
comprises a plurality Qf OFDM symbols each comprising a variable cyclic prefix duration
and at least one OFDM data symbdl. The frame structure also comprises a plurality of
variable size sub-frames formed from a subset of the OFDM symbols, and a plurality of
radio frames for transmitting a subset of the variable sub-frames through the RF channel.
The frame structure further com_prfses a plurality of timing gaps associated with the radio
frames for providing a protection for timing variations at signal reception. The timing

gaps are calculated based, at least in part, on the variable cyclic prefix duration.



[0033] Figure 8 is an illustration of an exenplary O:DIVIOZDIVAvsignaI

definition in the frequency domain. [0034] Figure 9 is an illustration of
an exenplary OFDM /OFDVA synbol structure in the tine domain. [0035] Fi gure
10 is an illustration of an exenplary OFDM OFDVA sub franme structure

accordi ng WO W/ERF8di ment of the invention. [0036] Fi BGF/ES2008/486364n
illustration of an exenplary OFDM OFDMA uplink and downlink r adi o frame

an i1 ust r O B xR IR, LropinbNEIMER: AR AN o ©

structure amdbmgisesaaﬂurelnb@cﬂmﬁecimxtds mlherelma/aruSeto:f.the[ B.B&B}mlé]sgwwe 13 is

Sccor di ng. A5G FhEReF AT noTHDE QS Coar i GPEe Lk B
i |l ustrati eandérma@FERenpdu¢ yperatid &armﬁnd@aﬁlﬁg OpLiMiiGFeMequai G BRINRISddOr a

nx1l.25 MHz bandwi dth series .acco to an enbodi ne the i ventlon
[0040] Fi gavffﬁ&ﬁ% 1 8 ey o B OSP?"gf‘at%ﬁY‘B?égﬁfﬂSMV TaoiTe orasn _
OFDM OFDVAcpmpiadeeh @?ﬁlcfﬁﬁéﬁxaselwt%5o;9€f3bl@ﬂﬁ‘ SMEdinp 2 2961 cGRMCHS dighGalttp oD
enbodi nent of ifh i nvention. [0041] Figure 16 is_an |IIustrat|on of an
exenpl ary t&BAY i‘?"gﬁ‘aﬁc&‘c arresreer bR 2 srltcisds cclie aefin 1 s syRtembalirini dt h -
series for cOmprised aR 48d cyoliclpréfix %odtﬂ@@p&aﬁe oy ailﬁﬁgftﬁéﬁ@e%teac&@lﬁéjb@ﬂx o an
enbodi rent of the invention. [0042] Figure 17:is an illustration of an
exenpl ary €& o thsrtimpdamainiatihveyarolie phipiamatepkity PHOFRMK@n®. Mz bandwi dt h

serles according to an enbodi nent of the invention.
[0020] The system may also comprise a processor operable for providing a plurality of

variable size sub-frames formed from a subset of the OFDM frames. The processor is also
‘operable for providing a plurality of radio frames for transmitting a subset of the variable
size sub-frames through at least one of the RF channels. The processor.is further operable
for calculating a plurélity of timing gaps associated with at least one of the variable size
sub-frames for providing a protection for timing variations at signal reception. The timing
gap is calculated based,-at least in part, on a cyclic prefix duration of the selected cyclic

prefix.

[0021] A fifth embodiment comprises a method for communication in é_communication
system. The method comprises receiving a time domain Idata symbol for transmission on a
fédio ch.fa.nnel, ‘and selecting a cyclic prefix from a plurality of variable length cyclic
prefixes to obtain a selected -cyclic.preﬁx. The m_ethod'also comprises adding the selected
cyclic prefix into éach of the time domain data symbols to obtain a plurality of OFDM -

frames.

[0022] A sixth embodiment comprises a computer-readable medium for a communication
syStem. The computer-readable medium comprises program' code for receiving a time
domain data symbol for transmission on a radio channel. The program code also selects a
cyclic prefix from a plurality of variable' length cyclic prefixes for the radio channel to
obtain a selected cyclic prefix. The progtam code also adds the selected cyclic prefix into

each of the time domain data symbols to obtain a plurality of OFDM frames. -

[0023] The computer-readable medium may further comprise program code for adding the

OFDM frames to a flexible sub-frame prior to transmitting the OFDM frames on the radio



[0043] Figure 18 is an illustration of an exenplary table of basic

OFDM OFDVA paraneters for a 0.5 nms sub-frame for a nx1.25 MHz bandw dth
series, with a subcarrier frequency spacing Af = 12.5 KHz , according to an
enbodi ment of the invention. [0044] Figure 19 is an illustration of an-
exenpl ary MD08IR4Basi c OFDM OFDVA par aneters for a OPEYES2988/0803%1f r ane f or
a n x1.25 MHz bandwi dth series, with a-subcarrier frequency spacing Af =

12.5 KHz r di i meat of: ' i 451 Eigure 20 is
an 1 ust ; SRR OPROplogaRl oRIPARY IR il BT e Al S8 b BB O
1.0 nms subfdrmaddrofroa sabspixdf. the QVIRM Hamds)i aitl lprewdd 2 plurality bf mdpufasgsrfoer
frequency aci. Af 3 12 5 KHz.. . accordi to,.an odi pent of t

‘i nventi on. ?rﬁwgﬁﬁgﬁ ﬁuﬁrs eét ﬁth? Jaigble F-‘ﬁ.é’??‘ﬁ'? ?18%}’6?%5&?%)5%[%%3& aEﬁ‘é of

basi ¢ OFD\Vpfdgbicquie madyetlser clchiate @plirabtyof tisnihg faps aBsotiated ?/ithmlleaﬁ ovklaf
bandw dth series,, wi.th ubcarrier, frequency, spacing Af = 12.5 KHz ,

accor di ng Y TeBl s ?‘r@fﬁa“ms ﬁ@@%?ipéﬁ?é{‘PﬁéﬁW}‘“‘%lgglﬁI@tl?‘? ftosighy!
iIlustrati egtesfonaTheXiedIg gapyis cabhife®based S teaStiPWLOTIAM cyRBE BReBL QLdtibPr a 2
ms sub-frame for a nx1.25 MHz bandw dth series, with a subcarrier frequency

spaci ng Af °iteselpgigdeyclicpred¥di ng to an enbodi ment of the invention. [0048]

Figure 23 is. il lustratio f an exenpl ary tab) e of basic OFDM OFDVA -
par anet er s [(fO&?Pgu@eS?Wr%slﬁS‘Bfaﬁng%? the presens gisghasure, A3 WRllAsHhs BruckEe with a

subcarrier ahd SpRMRYfSRAGEYEMBditherts oflfhe DreSklft discREGR! e NGsdBe®ih &AL MENt
of the invention. [0049] Figure 24 is an illustration of an exenplary table

of basi c OPERPCAVEfFaFaitshersompayesirayipeshandwi dth series, with a
subcarrier frequency spacing ,=-.110.94 KHz according to an enbodi nent of
the invention. [0050] Figure 25 is an illustration of exenplary table of

" basi ¢ OFDM OFDVA par aneters for S, I\{Hz l}?ﬁdﬂn dth series, with a subcarrier
frequency spacing Af 2-112 5 Rfg ¢ eription otthe Urawings '
[0025] The present disclosure, in accordance with one or more various embodiments, is
described in detail with reference to the fdllowing Figures. The drawings are provided for
purposes of illustratio_n only and merely depict exemplary embodiments of the disclosure.

These drawings are provided to facilitate the reader’s understanding of the disclosure and

should not be considered limiting of the breadth, scope, or applicability of the disclosure.

It should be noted that for clarity and ease of illustration these drawings are not necessarily

made to scale.

[0026] Figure 1 is an illustration of an OFDM/OFDMA mobile radio channel operating

environment.

[0027] Figure 2 is an illustration of principles of an OFDM/OFDMA multicarrier

transmission with four subcarriers.

[0028] Figure 3 is an illustration bf exemplary OFDM/OFDMA symbols distorted due to
ISL '

[0029] Figure 4is an illustration of exemplary OFDM/OFDMA symbols with cyclic ’

prefix insertions in the time domain.

[0030] Figure 5 is an illustration of an exemplary cyclic prefix extension to an
OFDM/OFDMA symbol in the frequency domain. -



according to an enbodi ment of the’invention. [0051] Figure 26 is an
illustration of an exenplary table of basic OFDM OFDVA paraneters for a 5
MHz. bandw dth series, with a subcarrier frequency spacing ::-.125 KHz ,
according to an enbodi nent of the invention. [0052] Figure 27 is an

il lustrati OO H0IE24200wchart show ng an OFDM OFDVA pr ocBET/US9PS/@BAAL | Ng a
frame structure with-a variable cyclic prefix, according to enbodi nents of

he i [ | Dt Ex I ' ' 005 The
Fol 1ol ng. dout] PR 8P CULRGUAT, & o Ry  PEBROOFERIA, mtrpib |7 i

the art tocmmkeingatibnsysien hecordivgttanembodierar ofplid iavention. speci fi c devi ces,
techni ques, and-applications are provided only as exanpl es. Various

- nmodi fi cati §e@32] figutee7 eéx anyillesraties of abedentydare i OFDM/OFIR(Ar eigitall tyansg@pae ent to
t hose of ordi n§r ski | Ib h.n tgeftgr.t ({;.nd t he general principles defined -
herei n may %" B%folaé‘c?n} SIBICRES BRITKENIBY and appl i cations without departing

fromthe spjti.t .and sco of the . nvention. resent. inyvention is
‘not int end@@#'j)l:lggwl fﬁi‘l@ils{%“%aa%wﬂ‘% OJ@BE@FPMXH&P@%H%HH s, - but
is to be adequaegdéhiginscope consistent with the clainms. [0054] The present
di sclosure is directed toward systenms and net hods for OFDM OFDVA frane
structure t[ea3dndigagy9 isoin tlaswraion oftn exenspla ORDM FOBDNIATeyhSo] Qfrudtie in

i nvention re.de(icri.bed herein in the context of one practical application,
narel y, coﬁli’ﬁﬁﬂ“c’: 7% bet ween a base station and a plurality of nobile

devi ces. | 1 S. confext, .the exanple sysiem.i icable to provide data
communi cat H%ﬁ E@Hﬁetonlsa?nﬂ gséragqrhﬁ)%exgﬁlafagnbkﬁpgggby%]sukhggp? ETHEYE ces.
Embodi ment sic@rdihi®d i ehfbbisiéntor thowesEibn. are not limted to such base
station and nobil e device communication applications, and the nethods

descri bed hes3s| Figiwy 12k 90 ilRStration! Jf 28 exdnipl @Y EFDMUHD M A tpQKe arddovnBiak

nmobi | e-t onobj | g communi cations, or wreless |ocal | oop conmmunications. As
woul d be aﬁﬁi&?- ATe piEchRacsPrdsied A FRpbediment of fedpiention:  after reading this
description, these are nerely exanples and the invention is not limted to
operating ilf03%¢ ?Eﬁ“ﬁ?alr?c‘é Wlf‘ﬁxft%‘% apgxsnlary OHIPASYDMA vplink anddaynlipk

addi tional sgeframt stehe@Wacchindb RV efbbdiehtlA IR idfehtiGt Ur e conprises a

variable I'ength sub-franme structure with an efficiently sized cyclic prefix

oper abl e t qo@38| eutevel ¥ abtilidstrafonFiAlYleCrbrhyy TSIV SR VA TdpRi ofidl 34WE0 BhmEICt UT e

provi des conpatibility with nultiple wreless comunication systens. [0056]

Figure 6 sHKBWEwSicodinpioangmppdigesisef thedprantipeat i on syst em 600 for

transm tting and receiving OFDM OFDVA transm ssions in accordance with the

present i nU@} Sjgure 14 is an illustration of an exemplary table of basic OFDM/OFDMA ~
parameters for a nx1.25° MHz bandwidth series according to an embodiment of the

invention.

[0040] Figuré 15.is an illustration of an exemplary table of basic OFDM/OFDMA
_parameters for a nx3.5 MHz bandwidth series according to an embodiment of the

invention.

[0041] Figure 16 is an illustration of an exemplary table of basic OFDM/OFDMA
parameters for a nx1.25 MHz bandwidth series for 0.5, 0.675, 1, 1.5, 2, and 2.5 ms sub-

frames according to an embodiment of the invention.

[00.42] Figﬁre 17 is an illustration of an exemplary table of basic OFDM/OFDMA
parameters for a nx3.5 MHz bandwidth series according to an embodiment of the

invention.



~

The system 600 may i ncl ude conponents and el ements configured to support
known or conventional operating features that need not be described in
detail herein. In the exenplary enbodi nent, system 600 can be used to
transmt and receive OFDM OFDVA data synbols in a wirel ess conmmruni cation
envi r onmenWe@HEH0AL20t he W rel ess comuni cati on envi r onREWUSDOMSFiI gure 1).
System 600 generally conprises a base station transceiver nodule 602, a
"base stati a,806, a i.le station transceiver no nobi | e
station angghrﬁg%%@% lg 126%61112@ ga;uf’%n&parnog’gesm t(l)arryﬁ%bﬁloefe%aﬂac, Sgbglg@gﬁg’{gtl on
menory nodphamstes; foaa fvhns subsfrand fona we b5 \WHD dahdwvibBQerics, wibialsebcatriet i on -
processor dul e 622, Wg‘ﬁ wor kK _conmmuni C%m rrg{ifﬂl e 626. [0057] System
600 may coMSAPEEY SHGNE HiTers VR MATtRTESE & HETROREPSBhAUPSEVERGRN i n Figure 6.
Furthernore, these and other elenents of system 600 nmay be interconnected
toget her udP0Y] Biedsn 49 domruiieteation rpfbus exeairary tellg, of gysic, OBPMIRYDMA t abl e

i nt erconnecy, n t it opp i f acil.t f.at c ication
bet ueen €N SarUs el ot RS o o e BE SORVERS By Bl Gl M °F
art will undesegieaniequindy spesingary culd-5 KHzs eecatding th| aclembodiogud ©f, the
circuits, and processing |logic described in connection with the enbodi nents
di scl osed KT8 may be i nplenented in hardware, conputer-readable

software, fj re -.any practical. conbi nhation .th of .- '_
“illustrate [M‘{gﬁ}%‘a’e% H& eglﬁfatﬁtnf’ﬁ} AP & ?r?'btiaﬁ’lf:t‘gtr %ﬁlchg?}@\%ﬁbgﬁvf’%/ r miar e,
ang sof t warpa;amde&rsi myg lijd thiI Sib-fdnhe/Rr € ANPRS e\mH? ,baﬁﬂvﬁidﬂh&‘seriéwﬁfuh Gl%pbdi}rl’ew-i t ﬁ

and steps are described gepe y in terns of their functiopality. et her
such funct Trsfinmey §PECE; Mt Q%éﬁyéﬁca%rdwart%va%*zodmnﬁvé}ﬁgznvmﬁogof t war e
depends upon the particul ar_application and design constraints inmposed on
the over al [[084ps Figwre Thoseanf Blytratign ofi am exdmplay rielptef brsicc OFBRUORBMA N may

i npl enent [ LEY 4 it Far ch:parti r

appl  cat oft et ERE R Sl e PP 2 A M e MR o as
causi ng a degeencysprcingoin + HeS Kbppmcafling hearpenatdimbent pftbe tnvemtion] 0058] I n t he
exenpl ary OFDM OFDVA system 600, the base station transceiver 602 and the
nobi | e st at[0®47] Figares C2iiv ean Blliratiaa hofcanpxéngdarg tablansbdsice OFDMIOFEMMI a
recei ver nmodul e (npt shown .ip Figure 6) ration of the transmtter and
oot ver mIRAEET D exhmaevtanh g e b S il ot ontt Brotamer

di scussi on fRdqudricg ¥pRing. AfFO12.5 KHE, L¥erdRk €o ad HEbJdinéhs 6T the Bfvedidd. I ecei ver
nodul es are coupled to a shared antenna to forma tine division duplex

(TDD) syst E[Ub48T'F§gDuPé‘§§ -§t@te h@gﬁ%ﬁ%ﬁﬁi RIS e'aﬁle_caumsgcg Q?EM/E*)%DFDI/FBQG

stati on antenna 6 and t e station transceiver I's coupled to

the base straramsterafor @drams 1b-frane feoaghil 2h Mg ibapdveldthi setiesd with sisgbrattiepl ex
(TD) oY SLIRGBI:Y sORMeT0! ETNGKEE, sk SOHLTEH, o MRIaRBS el systems may

be provide e an nore conpl ex antenna confi gurati ons.

Addi ti onal | |t hough not own. in this fiqure,. thg ski i e art
w1 1 oeogbo Fiere 9 F s AR Rioh et &1 sty e nel Bl QR DEHOEBMAT o
~and that mpatdnekes tfoaas S WK Sbamawidil aH¢s twitD of bﬁbc‘a‘.ﬂﬁg f[t;éq&gﬁcyefpacihgl a TDD
system transm recejve timng. gaps exi st as guar ands to protect
agai nst t.ra&éfﬁé'gﬁg F eororinsiRnicmbpdMept e RO ce versa. For exanple, a
transmission timng gap (TTG is designed to separate the downlink

transmi ssi dA039¢ Figyee millustratiomofipremplary tahleibasi¢ GRDNEOFBNATREIURYTS The
downlink T Vi . et rl.ations banal '
reception ;E% E?MP{’?] kfJ ?ghd?lmgésr%%’o%thﬁg b%ra%‘lD%e&%gryfiS%%H& Bf rﬁn&'ggé}%gp is

al so used tRcqriiy &in dnfitRdbeanbl thkinkadion. si gnal col liding w th uplink
signals due to propagation delay. The TTG UL) portion of timng-gap is used
to OLfseF l{gbilmfi @aige isi@snalqs@artm?aégaaﬂ Qﬁelﬁ'}ﬁh@%’ta?‘l@ @I_ﬂ1haés_il_o_l’i_g(FDme'b) 'FmMﬁi Ignal-s
synchroni zed at the base station (I receiver(s). e ) may. allow
suf fi ci ent RFIREIGTHIon aréoﬂé’?@wwt% rSEHEY tVih & SERfARicHoFRAUERY FRICIRR

upl i nk. Si M} 8nk 2 dbiideb ah BRbstnElof HEGdhdodry al | ow sufficient tine
for a TDD systemto transition froman uplink to a downlink. According to
an enbodi nent. of the invention, the TTG DL) and TTG UL) can be cal cul ated
based on the cyclic prefix duration as explained in nore detail in the
-context of discussing of Figure 14. [0059] In the particul ar exanple of the
OFDM OFDVA system depicted in Figure 6,10an "uplink" transceiver 608 :
i ncludes an OFDM OFDMA transnmitter that shares an antenna with an uplink
receiver. A duplex switch may alternatively couple the uplink transmtter
or receiver to the uplink antenna in tinme duplex fashion. Simlarly, a
"downl i nk" transceiver includes an OFDM OFDVA recei ver which shares a
downl i nk antenna with a downlink transmtter. A downlink duplex switch nmay
alternatively couple the downlink transmtter or receiver to the downlink

e Y T —— . - Y M M




invention are applicable to systens usi ng OFDM OFDVA t echnol ogy in only one.
direction, with an alternative transm ssion technol ogy (or even radio.
-silence) in the opposite direction. Furthernore, it shoul d be understood by
a person of ordinary skill in the art that the OFDM OFDVA transcei ver

nodul es 60N®B8Y¢M@420uti | i ze ot her comruni cati on t echni OBYSHORI0IRS,- Wi t hout
limtation, a frequency division duplex (FDD) comruni cation techni que. '

[ 0061] The i tation.tr vyer 8, and. t he ti,on transceiver
602 ar e colftals Bt s SihiRRRAGrY Honohly A0Nine 8 SN GATRRHORT | i
614. The nwizatieg & frame ctudturavdthed vegiable@3clngtefix) actvadieg st @hbaliméntasfsthei ver
602 cooperate with a suitably configured RF antenna arrangenment 606/ 612

t hat can sd’bvr%ttl?n‘a particul ar wireless communication protocol and '
nodul ati on schene. I n the exenplary enbodi nent, the nobile station

transcei ver 608 and the base station transceiver 602 are configured to
support industry stand . | i Part nershi p Project
Long Term Evol ution (Sgélgﬁll_eﬁi'gégc%f&rn E&E@F’%ﬁﬁmﬁgﬁ‘ﬁg&m p Project 2
Utra Mbil e Broadband (3Gwp2 UMB), Tine Division-Synchronous Code Division
Mul ti pl e AdES3E Therfollomive)descaintion/ip pessenied tp gpableopiarseniof ordjnaroskillindhowtive
Access (W MVBaicand bl e kfenible TRRIH Fxox?st 8 lspaifld ABAES! Y&Pniglge%, apgl the
base station transceiver 602 may be con |gure(§ to support altérnate, or
‘addi t i onal apmliceegnssare duevadedoonmty riis cexainplas. pr\Garives Inspdificationsdionthe faxamples -

vari ati ons galert EFF B2y H0he SHER A%aA02 1 B BPBA0R. 48 %n She OB ln@"
exenpl ary enbodi nent, a nobile “stdation transcerver 6 may beé 'used In a
user devi cegesardhprawiplesndsifintd hpdemnmay Alet apphiet & pthet hxanmdsi el spplitatons -

t ranscei ver, . .be i n..a person di gi.t al ~assj,stant (PDA) such as a
Bl ackberry “8@3?%%,83’ %gﬁ(rﬁgeos,p 1%&3%0%(%@%@ or utoﬁ'e;’rg%sl’ thelpéeiserﬁ TEABES devi ce.
I n sonme entrodimended td be limited| te thé akdnoplest datledi heedin GOB shamyn, et as pebsonal

- wirel ess conputer, such as . i-r.el ess .not ebook computer, a wireless palntop
conput er, .8?8)5%%&]?6 q‘fogslg%#ﬁﬂﬁ'éﬁeéémsces. In further enbodiments, the
i nvention i mpl enented in a.nohile station as well as a _base_station.
The trans mﬁﬁ%étf?g? nBﬁéer}rﬁotSifsg]QS‘gf atS offreE%H éﬁ‘ﬁmg héYVEPT afftie MEthedsh ©Yclic
prefi xes am@FDMMORDNANhndgnetigngelmotfgy tfhe cdnrmiurtightiga RPst@es; OFbsWny¥nts
However, in_.the current (int nggd glr.acti ces; tpe gl%/nam c configuratjon of
the vari abl°s MeRYHOR g€ 4 °r§>F Preidsin ke oApfet of anerpciisal applicatipn,gimelie base
stati on:  ThemiRbicht®nSealdedRShaSafiativagal iadli@alty bbb mobRe 838Rs.StrpthisWanie@l t he
preferred cyclic prefix. The base statiogon can assign it to a particular
upl i nk sub % EFEPECYEFRAS APRICHE 1P RTAYIp AER SPRBYNICHINE Setyiert # Rase sfatiow2]
Processor - Rdy Si5rafil B OREbMIBYeREs] NBhESERLRE of Me HiSAbIFL owbldrNar@ Rener al
purpose processor, a content addressable nenory, a digital signal :
processor, ligtedppl suehtbagnstafirnc pid mobig dgrieq eemmbnigation, applieationsl apddbe amabl e
gate array,mdiiis %E%Eiﬁpd RerBih OL,AADRBL GriliRddliff ofRY 'ag@icaﬁiérﬁcsﬁ bs glt%faffe-f%[
transistor logic, discrete hardware conponents, any conbi nation thereof,
desi gned 't anqbde Communihations;ree witsless ldeal droplrethmvaications. Al wolgldsberapparent to a

processor d 4 { Cr SQL o | er
i crocor ¢ oY PEGAER A 82 i MorARIRRES Mleriofyf ML Be Bty nampley, 1o
i mpl emrent edndtheanveotidi isaodt lomitedfto opmguing iimarcdelanceesith thesg exanaplesonbi nati on of a -
digital signal processor- and a mcroprocessor, a plurality of . :
'm cr opr oceq48@iS$ Asomxplagred nior alditionalogatal éslser she EFOMYOFDMA diranvd stoucaureli gi t al
si gnal processor core @rl-ar@/ ot%tgrer such conf.i gur i.or]. Pr&ce sor dul es
616/ 622" cofBPPREs B wriehls: aet sok s Siricturs S Ay Pigtently s yesuprefhe
functi ons, cperablgite)effsctiveln ditifizOOEDM/OBDMS KindashC ITh GmWistriicthrd @roviRs at i on
of OFDM OFDMVA system.600. .1 n palrti cular, the processing logic is configured
" to support PHEat W“Vﬁglﬁi\}ﬂlﬂ’l?&’ﬁée&@%‘ﬁfcét‘%yétﬁ@?-ers described herein. For,
exanple th essor nmodul es 616/ 612 may be suitably configured . to conpute
cyclic preﬁP‘%%ﬁE}gaﬁ HOWS AR emrﬁla]f% VEeless q%w&%ﬁw%m?%@aﬁmmlwm)), as
expl ai ned hal ¥éeiviry OFDY¥/OBDMA h@XdntidsonS i Qcdor@iBe ShthURS BFeSent iVentor@nPl €, a
-frame may be constructed fromone or nultiple sub-frames, each sub-frane is
consi st ed ofedEem 60t may ipsladesgamponentyand elpmemiy cqpdigyred Ao supFoRdngwp oF s t he
~period of idle transm ssion tine, such as TTGDL), TTE UL), or RTG .Based
on this new definition, the gap tinme patiods, TTG and RTG have been
included in the sub-franmes. This way to define a frame and sub-frame (al so
known as "slot" .in LTE). has greatly sinply the design of a franme, and nake
it much nore flexible for different sub-frame designs. The newly defined
sub-frame has been self-contained within its tine period and boundary.
Sub-franes with different cyclic prefixes can co-exist in the sanme system
and the sane depl oynent. As nentioned above, in sone enbodi nents the
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- ot her channe

[ 0065] The network communi cation nodul e 626 generally represents - the

- hardware, software, firmmare, processing |ogic, and/or other conponents of
system 600 that enabl e bi-directional comunication between base station
transcei ver 602, and network conponents-to which the base station :
transcei veWGBAR00onnect ed. For exanmpl e, network conBGHUSM08/WBMshodul e 626
may be configured to support internet or W MAX trafflc In a typical
deploynent a r LGl e. 62 ovi des
an 802.3 EtH Aéar&rlle bér%@cgea%%h&g%%dbaogm& |on nr gen%s?'gg'faveer gﬁgﬁcan
conmmuni ¢ at exem;ﬂdnry antboahmmt systea 6 daa rba esedoa smdsmio aml teesivnOF DM/QFDMA t hi s

manner , net comuni.cation nodul e 626 may inclu hysi.cal :
|nterface ?)tfl E%Q%t'inoﬁ 8" 15 %oé?fﬁlﬂll%a(ﬁo%eprémf . g4 l\"?Bth 'e"%(ﬁ?ets%hi'ng
Cent er ( MSCyhmunic&Mn6dnvirbgtee l?)Oi(Flgarebl)OC Eyﬂérﬁlgﬁoargeﬁéral@sﬂ cEprivet arbase '
OFDM OFDIVA tr.anscei ver s%dsuﬁ n&(%z g%ﬁ% transc ivers 602 or 608 in Figure
6) that can2Hen EERFIYHBeAHG 00 & driaRion giena g %)?eWﬁIPléFr SAUORSBIPITRIE of t he
i nvention. nfydaleres/a hRLIE @RS ated BNt bRE sBleh BbcaRoehbiutd 61, layhasd zed
cyclic prefix to an OFDM OFDVA frane structure operable to effectively
utilize OFSRATEDMIOShANGEE ¢18qAshellsi Bationamempat module 62Q 4mebile sben t hat

the systemp/0ssBModule6190en P dR REhmaRERAREN RleaDd. el ements configured to
support known or conventional operating- features. For the sake of brevity,

conventi On%osbfgmrﬂ%éé n?a@%ﬁ%?ip&%“ﬁlﬁnﬁe?'o%%ufeé’ offleBteahoRAGNBbwWRPCESSI NG
such as channel ‘encodi ng/ deco , correlation techni ques,

spr eadi ng/ g éadiuﬁgem}@m, dleese pethPihe, elementy of P mepy maREY Ui!t@fémf?%y and
ot her funcg D u r t he
oyt em 700 SRk BREERNS BRRNROIE (4 £.6%, ORS! B )ty AR ecln | 700
digitally trramgsments aSughr mmomeg:tldat%ciwateel emwhynitagiom nektweeonthenfarmes r uct ur e
devi ces u5| EF/ ) and
an inverse" sec!r:e}“ﬁl%ﬁ% %aygér3 rans 8@#{‘%@#“?&}‘% aﬁ%[)elﬁgesrgetmgtghgg% ngnatl ve
to an FFT alﬂmttrhtﬁiié‘lblo@cs,pmodulmeIcycuﬂ@,Ozﬂﬁ?Qroc‘Elaang}é@M GEOMRd dn gbtrektidr witlscei ver
system 700 i ncl nsm.tter 701 an eceiver 703. Th mtter
701 furt nedhd fptiTRet, a5APRT retei pdy b PPIeRSHEEH BFwES. compitiei

nodul e 704,soﬁmfe,aﬁdngm’eabr tafly gidactiod) @arbiretive rthérédfA) TﬂDdeHrB Alhgrate higis

OFDM OFDVA 4 i ncl udes L.DET[1 FFT ule 70

oo 1 Lol 1t GRGEREabn, Bk EomRSBIIh ] MRS QPERRE. o PRI 0
coupled to mst:ry@\ld @onﬁfoﬁéntsg tﬁ@ikecm@dule%p&mu’ﬁh,earrdeﬁ@sva% dddddbddngdnafAlg ian

anal og-t o- di glt r%éﬁrter (ALD) nodul e 716, an inverse O-DM OFDVA

recei ver mieflSe? ﬁhzgr Honplign éﬁ’l}e&er stehs fnptignality iy dmplementsd as hardwars or se
OFDM OFDMA @Gy &% smb&leedeﬁéiﬁis'déb%h Ltﬂ@%a{ﬁcﬁl icom! bfd Bdshnl onsBAmts e 720,

a serial-to-parallel converter DFT/ FFT nodule 724. In this
exanpl e, t h@p@seéﬂgﬁhq psrally eystean d Thase fméléti Wéh theopneepts deseribed hgreieriay ve dat a
and ot her ?IE}H‘?htﬁ‘s@EH RBct%dngf‘@'u;%a gélgabl%)nﬁgﬁ1%ﬂofgﬁ‘ia@h géﬁﬁﬂ&%ﬁagn%%&??g{r‘&'% Zl4a0r
seri al st r émplegientafieon dagisione smchncsﬂvmérsre@dms(cwmgeesmmmrn@omhseqqpal dat a
synbol s 20c2? lfé G gveﬁ?md s converted into AT, parallel data synbols

. (correspondi ng 1o par a data synbols 210 in Figure 2) by the :

serial -to- DB t I 18300 Q"

exanpl e, g%%b zIIarl? {#839@%{‘#3% ori 5])}21@ g%%%ggod&?ec%se%fﬁgg tl%ngeglélxt rreais]sage)

af t er sour gke awdlile ktatiore Itranmdwrg608| e:at:b mbmameng traamndtt@ymbmlle e i mcgiveAf t er

serial to parall onver si.on 7 e _dat dur gn Td of
The fo sor | Bitles e SPNORaiBRs B wrkiitoR 8t e RleR ) Rserbfulets 2 Re -
T [0069] Theplmedid mbredlaﬁaansmabmita(tafenemhemmdm?@md cmrthi)s d&l@mﬁlefﬁ;erent

sub-carriers (206
tran gmltter and receiver modules are coupled to a shared antenna to form a time division

duplex (TDD) system. The base station transceiver 602 is coupled to the base station
antenna 606 and the mobile station transceiver 608 is coupled to the base station antenna

612.' Although in a simple. time divisioh duplex (TDD) system only one antenna is
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in Figure 2) via the |IDFT/I FFT nodul e 706. As expl ai ned above, an OFDM
-system nodul ates the Nc parallel data sub-streams on to Nc sub-carriers
(206 in Figure 2). The Nc sub-carriers have a frequency spacing of Af = -1
in order to achieve orthogonality between the signals on the Nc

sub-carri eMO 200462420, paral 'el nodul ated signal s for m BET/TRDM/EYaGDOI (210
in Figure 2). Depending on the transm ssion rredi a and the network

“bandwi dt h, é}Ylﬁ'ECF %059 ?ogﬁﬁﬁ%a‘?é[bpé\x,&)é%%%f? ﬁ.ﬁmlec? t(i)plé' Qr}%g Isnll‘lot%g g‘(%n[lf?lgr ? 18‘5 .

expl ai ned in nore IS
. then used wtuotemwdcoafigyratians. mddftlonaltyoaltthwgbuotmlnbwoﬁn tlheﬁgae ahbselskilled $rer i al
converter 708.. 1np, order t co et el oi d.or ificantly red the

o foct s of (o Wi @GR Gy SN TR e el Rasni s g ' PR el i

adj acent Or‘rmﬂi;ﬂFBMkﬁﬁtydmﬁiags traddt torthFlsagw rcélyer. Tha m|sj/sten§),rt£ailbrﬁltdhﬂ at i on
par amet er et to varlogsbflé(g ues in order to .effjciently size the -

cyclic pr eﬁcfwf 61“BP$ g%RSI L S B4 CRORA B RANY FaSH o ST OALTaasit 49 ned

above, a cy&kive apd 8idexversa, @&Y&%ﬁlee%h@ﬁﬁdlwﬂﬁmﬁg%ﬁp%m 3 B&Qdneapd ch is
obt ai ned by extendi ng t he duration of an to Tsym=T, TGin

accor dance Safae dired Vil trsrusgen mrded AYERRHb ff"m[ Brlink] trqﬂémlsélﬁarﬂﬂléd
-according U‘TC%UL)? nithe oAk (FfI‘GK]ﬁ? ﬂt)rlﬁglﬁéskt a betech&?f&ytﬁlluhg vBYiRoh atVs?édé?S are

- sel ected bas on RF channel con his manner, the cyclic prefix
i s confi guresepliondpelawifinktransstissioni EhefEpGEachortionenfetying ighpis slsp whd itei ent

use of bannggﬁthhe anﬂ'rmw 2 G %EP&S;JIBE ¥k At %Lit?o%tdel rious

effective cyclic prefix engt for e st t| ons et wor and may
support di flhed@Ub)prdriien qfrt@ilnggapelﬂgield@ oidyet wplink aadiosigid popsgativn delay i n t he

net wor k. u rt di yclic
et x| engy HAFATE i ofn SR TALGRLL BS kAL SR WBRREYG ot STRRPLRY e
base stati omy aﬂowasmffaciﬂnmlmy:dbn & TPpiDesyistem| tengmhuai from dao\mhmke tstauplotk. to
change or gonfigu h I X dur at i on n| cation
usage scen%rlm(l)‘%rg' %hgrbe AR "@‘aﬁﬁ{;“%ﬁ%aybaglﬁgvﬁu Eg?ﬁeéﬁ’ aﬁ@@D Spﬁ Py of
t he syst emtrafsitiorefkanaheiplimih @na dowmtinki cmicbxdmgi t6 ahﬁ:rrﬂ)o&lh‘&ﬁﬂ@ﬂ thmﬁvlantaan$ evere
multipath (tllw' ?TG(ISﬂr gl%r T?&&l?ly c beeagI culate ased o}'/lctkle cy {cell;rle xe %ur%ggn ta)lg
explained in more detail in the context of discussing of Figure 14. ' '

[0059] In the particular example of the OFDM/OFDMA system depicted in Figure 6, an
"uplink" transceiver 608 includes an OFDM/OFDMA transmitter that shares an antenna
With an uplink receiver. A duplex switch may alternatively couple the uplink transmitfer
or recéiver to the uplink antenna in time "duplex fashion. Similarly, a "downlink"
transce-iver includes an OFDM/OFDMA receiver wilich shares a downlink antenna with a
downlink transmitter. A downlink duplex switch méy alternatively couple the downlink
transmitter or receiver to the downlink antenna in time duplex fashion. The operation of
the two transceivers 602/608 is coordinated in time such that the uplink OFDM/OF DMA
receiver ié coupled to the uplink antenna 612 for reception of transmissions over the
wireless tranémission link 614 at the same time that the downlink OFDM/OFDMA
transmitter is coupled to the downlink antenna 606. Preferably there is close time

~ synchronization with only a minimal guard time between changes in duplex direction.

[0060] Although mé.ny OFDM/OFDMA systéms will use OFDM/OFDMA technology in
both directions, those skilled in the art will recognize that the present embodiments of the

_ invention are applicable to systems using OFDM/OFDMA technology 1n only one
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used to elimnate the ISI and ICl. In |less severe channel conditions with
_fewer nultipaths, a short cyclic prefix can be used in order to increase
data rate (bits/sec), and to reduce overhead and transmi ssion power. [0072]
The add cyclic prefix nodule 710 may receive the cyclic prefix values from
the cyclicW2p85288] ector 709. The cyclic prefix sel eBEBHUSIPORNSHRY -

-‘communi cate with the processor 622 and or the nenory nodule 620 -to obtain

val ues for 4l GieRY Gl CuP kv FBLSRXAIP LEnndilG YA HB) Y 6CORLESRONG, Lo the

cyclic prefi uration ase st overage. clic prefix
sel ect or 708poaité Hir¢chiem ﬁtmﬂwndaet hehcmmobe)mdeatoadcbycal pecsoproébrdmav;ahkm ino the

be. astoci it PR ok« RAvAOBRRLS, TRRENR el S s B fieh o

depl oyed, temmeaxisafunaecheig@esd sach aywiithan Simifatifn) @efeq@nc} Bevisissdpkk ZFDDN power
anplifier & é’Hﬁt onl covers a small area or a hot-spot. The del ay spread
becomes ve eftog hf“r‘il—'lf‘? -efore this Femto BS and the associated mobile

~stations s t. a smal | clic prefix (out of the differ | engt h
opti ons) fi‘fﬂ%ﬂﬂzﬁ SRR AR ek SO et biohi Earosn el G (¥ of her

hand, if acbfigueedoRs@nihdfida@viasa Gaplsy@fh colbRubitationgidkasge ThanwBild power

of the base station power anplifier the base station can group the

PA
servi ng noBRHen feascrigesel8end tertags ét(ﬁklor})‘;,ﬁTQEﬁ@V%fOQmoperaa%h aphisahy
(det er m nedokipuRas RFS hitin® Narling &Gl 06 RT2 Ratl OGN ydpgyﬁl rﬁQRichﬁr Hfiidson) . The

base station can al l ocate these different groups e stations into
di fferent SOBIupigaHOn mowﬁolamﬂr woetilation @b@rm nds tber ex,e;rmlms gbeflimeat . thohe

cyclic Prefbigbib Siivh rasERBY o6 ta%m}eeme fibd %@P&&v&#g@ﬁ&f sgneded (17

it-is calculate cople Ic prefix valués may be
chosen t o ebfpodiiaduskry standazds sush gy dlei Ehlpk @énexattoo Pefthersttip WPedjsct long iTzen '

OFDM OFD'VAEQ@{MI tcdbp rmj hRg rANeIN nganfn%.\% P?Jg 2ol ﬁ%a%ﬂpgc#h%nw th

- multiple wirel'ess conmuni¢ |on sys c cyc I'X -val ues
that are ud¥GpmRr &NBx c’ﬁwe&bsbm@yn@%es e eEtwsmdn dNfatpls sAcaesof(TBE gur es

14-26. [00 1\1 ut, of the a gﬁ wg prefi 6§ ‘ﬁ%i en passed
through. ¢ e BRSS9 oBils R R E Mg Rare M T PRI dri e RS Bt put
of DA 712 Tthemublls aStxdﬂImnsaegmasowmeﬁ@bm station tvunsdenduG(Mm@nbeTmnﬂguréd The
si gnal ormXé %_P'IS u onv rteg ot shovvn and the RF si.gn
transmtt ego PP h At r?é?dd%i%a{e lorb?rofoﬁgls dﬂﬂ%’gg R‘ﬁﬁ after
RF down coRy¥g4tindf (IBBE Sﬂlq\ﬁd’l);uchl & 8<memeesez V64 &idosabn.Waednosdmpldry Whi ch
may i ncl ude . I SI. fromthe channel and RE

embodiment, a mo 11e station transceiver 608 may be used in a user device such as a.

mobile phone. Alternately, the mobile station transceiver 608 may be used in a personal

digital assistant (PDA) such as a Blackberry device, Palm Treo, MP3 player, or other

‘similar portable device. In some embodiments the mobile station transceiver 608 may be a

personal wireless computer such as a wireless notebook computer, a wireless palmtop

compufer, or other mobile computer devices. In further embodiment.s, the invention can

be implemented in a mobile station as well as a base station. The transmitter at the mobile

station can add the variable length cycllc prefixes and understand the changes of the

.timing gaps accordmgly However, in the current intended practices, the dynamic

conﬁguratlon of the variable length cyclic prefixes of mobile stations is set by the base

station. The mobile stations can negotiate with the base station for the preferred cyclic

prefix. The base station can assign it to a particular uplink sub-frame to transmit with the

preferred cyclic prefix.
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processing. The received signal Y (t) is passed through anal og-to-digital
convert 716, 1 whose output sequence Ic is the received signal Y(t).
sanpled at rate - . A sanpling Td rate of -1 or greater is necessary to .
i nsure proper Nyquist sanmpling for the data rate of T d the data synbols
Don with dwinues2ad. [ 0075] Since |SI may be present RET/HPA08G5836tyclic
prefix tine period, cyclic prefix sanples are renoved via renove cyclic

et oSkl BRSO T BT S5 T S kel YL

may be conver ara a synbol s*via's verter
722, and deumpdsel atoecssbry DFebhfehiT addrdsshide 7@dmorfher digifalitsignbl tpheedsbr]/ & T

nodul e 724 iﬁ. a. seguence. E hich is tr@e‘j received . replica of the qriginal
dat a symboPRPHHUR %P?@’ i ' g%_?lpﬁﬁsﬁi § PRORKIIBRAC EpGeatTaye APY PG |
i Rcor plor at grogtdnanable dbgic quescephdisdietar gatéObr itﬁ%_&iﬁbﬂ’ abge, félﬁcfé(t)e()?iéi}?d%vlza?es o
channel estinmation, maxi mumreceive ratio conbining, etc. Figure
is an i |1 uSPPRATER B anyncIRRinASion heresfpiifsigoef o Seder ther @aﬁ&%fe%hﬁﬂgn

definitionh&eR. AShivimdnndiea PxREAbNREY BEtAWLed NG BRAIFSRQr, SURNEAE £7
frequency in the OFDM OFDVA sjgnal frequency donain rra)é be used, according
to an embo@isresnntghery # gtatepashineoi the Bke. nd precesspregiar sy e bnplamened 43 wit h

Wi rel ess CoabiRiiAldfRBmphaRdRRSS, .e.-é-r]ﬁ ool R ‘ﬁém@ﬂg”&rﬁ&%&ep%ﬁ !

definition 800 may conprise a nom nal channel transm ssion bandw dth ( BW)
802, a subgueroprocessaynal phudlitsr of anisropigsessyrs,80ne o siagh ahickpnebassdish if BW G)

808, a DC - (=t <51 u b rj Shfer - i Ng.
frequency ?ﬁ?u@éﬁ'ﬁﬁt} (r?Dg%ﬁgl glﬁrslt eﬂ‘é,gesﬁeg%’:c g‘ﬁ%{?}&ar r esﬁgﬁmc?nﬁ%@ k’(llal )
defined. [ Géxgdsormpdulesyh \véR2 eomprise proteasinglogicribatsscaiguredbanavy odtithg BV

802, a subset..of sjgnal subcarriers. 80 ut of .a plurality of subcagriers
506 may et ottty o8 TrEkSink 4Bl cBbeifle® W Wi BereligfRE ' O
channel tr @FONI/AFDMA bastenicdo.h IBYy¥662ar, thh erosedsigtlogit issdogfigured tobamapart er s 804
is referred a i ' width (BWs, G 808.. The pJurali of subcarriers
506, may | ni REDMIDRRAPA el bt rs@neteis desiieal hetER: Lot ShamulB ias
Subcarri er proeedssi ieduldies 16/6¢D alay ba BelablytdonfiguBdibto ConpBe Bydlidghre fir durdtidhs Used
may serve

B TR et N T T AT
flexible size frame structure. For example, a frame may be constructed from one or
multiple sub-frames, each. sub-frame is consisted of oner’ or multiple ‘sy:mbols and timing
gaps. A timing gap is the period of idle transmission time, such as TTG(DL), TTG(UL), or
RTG. Based on this new. deﬂnition,l the gap time periods, TTG and RTG, have been
included in the sub-frémes.: This way to define a frame and sub—frame (also known as
“slot” in LTE) has greatly simply the design of a fré.me, and make it much more: flexible
for different sub-frame designs. The newly defined sub-frame has been self;__contained :
within its time period' and boundary. Sub-frames with different cyclic prefixes can co-exist -
in the same system and the same dépl_oyment. As méntioned above, in some embodiments
the processing logic méy be resident in the base station and/or may be part of a network

architecture that communicates with the base station transceiver 602.

. [0063] 'Furthermore, the steps of a method or algorithm describéd in connectioﬁ with the

| embbdiménis disclosed herein may be embodied directly in hardware, in firmware, in a
software module executed by processor modules 616/622, or in any practical combihatior_l
thereof, A software modﬁl_e may reside in memory modules 618/620, which may be

realized as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM -

-15-



- [0078] Figure 9 is an illustration of an exenplary tine domain synbol

.Structure of an OFDM OFDMA signal. Figure 9 illustrates the positioning of
a cyclic prefix in the exenplary tinme donain OFDM synmbol . The tine domain
symbol structure 900 conprises a useful synbol tinme (Tu or TiFF, ) 902, a
cyclic preWx2009¢52428 wi ndowi ng period (  TWN) 908, andPaT/!JSZOQH/OSQ%bhboI tinme
(Tsym) 910. In sone systems the w ndowi ng period may not be defined, which

can be treated as w.n eriod h of zero: 0, [0079]
At dur DR Sre AR BB R LU RO, B pf B sofoliegipde,

OFDM OF DVAnsyiitreknoma it éfeeuttt dnl tlﬁsoregadtrhanmy efodhiles §TRIENO0 rhayrbe c@uﬂléd mrthér I FFT) .
902. A copy of the i.on of 't eri od 906 js u 0 produce
the cycl i cPEACETPS me%ﬂs 3@2522598&9&?% SHC ﬁ}%‘t @ as&e&%%gf?dmcf“feﬁ@g%%éw used
to perfor mddaenfihatidn tbR, LAE GIrkeinfoARatRA thakRMmoaN)sRES 608/620.t e hengt h of
t he extended synbol. This provides multipath inmmunity as we|l as a

t ol erance Féﬁfmféiﬁrﬂi%esspf dek?rﬁ?ﬁf%ﬂﬁ pempry megules 8, Nogfﬁéﬂrlm%l“llfd% A8 period
( TWN) 90%1%%? Q@duﬁ@@ﬁﬂm@ﬁe@ﬁ@ irf R6ir Fe}éﬁéch@e Rsr@‘sl Th@%m% &duidstegseng of

synbol tinme to reduce 'signal in-band and out-of-band em ssion. In this
exanpl e, t Wyt dsoabe dntegraed t‘iltﬁhsth? progpsspr gpdulen $16/620. ude ap@@é@?ﬁ&t e ol

time (T Qenfory JnFEJ b 62820 hBPirkHAL b Cadhe Getordlit iokiff tehipo

s @r
wi hdowi ng peri od An i nverse Fourier transform ( FFT) of a set
of OFDM datoehesymbnne;hatm mﬂqenatnorredmgacxegmtwnng/ rmstuetione stoabe EREVICAFBIVA

wavef orm processor modules 616/622. Memory modules 618/620 may -also include non-volatile

memory for storing instructions to be executed by the prdcessor modules 616/620.

- [0064] Memory modules 618/620 may include a frame structure database (not shown) in
accordance with an exemplary embodiment of the invention. Frame structure parameter
databases may be configured to store, maintain, and provide data as needed to support the
functionality of system 600 in thé/man.ner described below. Moreover, a frame structure
database may be a local database coupled to the processors 616/622, or may be a remote
databasé, for example, a central network database, and the like. A frame structure
database may be conﬁgured to maintain, without limitation, frame structﬁre parameters as
explained below. In this manner, a frame structure database may include a lookup table

for purposes of storing frame structure parameters.

[0065] The network communication module 626 genefally represents the hardware,
'so_ﬂware', _ﬁmiware, processing logic, and/or other components of system 600 that enable
bi-directional communication between Base station transceiver 602, and network
components to which the base station transceiver 602 is connected. For example, network -
communication module 626 may be coﬁﬁgured to support internet or WiMAX traffic. Ina
typical deployment, without limitation, network communication module 626 provides an
802.3 Ethernet interface such that base station transceiver 602 can communicate with a
conventional Ethernet based computer network. In this manner, the network
communication module 626 may include a physical interface for connection to the

computer network (e.g., Mobile Switching Center (MSC)).
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[ 0080] As expl ai ned above, many interference sources such as I1SI, ICl, and
mul'ti path, can have an effect on OFDM OFDMA system perfornmance.

Furt hernore, the-choice of the frane structure and the paraneters that
define the franes may al so determ ne the performance. of an OFDM OFDVA -
system A WRHBWE42Aust general |y be nmade between resi BEHHE808/050361
interference and data transmni ssion capacity. The tradeoff is determ ned by
“the choi ce . i BV g
cyclic pr e#%GLg%#?pg%g{ﬁ%g%ﬁﬂb ?[gélt% génqelr or mnc(gﬁﬁ%ﬁi&%g%ugregxskegrpover al | .
t hr oughput 769 (¢ hetranpesiem eRdor@®P8 rim Flgufer @ ghee way betdrifigived dry accpfiasd] wikh gure 10

“is an illustration of ,an exenmpl at DM sub-frame structure accordi ng
‘to an enbodi fen pq%r?' emtedim 9%%#’%}{?(' eﬁgg’rn‘ tﬁ‘gg@i%ﬁegt,s _at'ﬂeéﬁ?ffzéwaém'sub- :
frame struefficieatlyg osippdi sgdicaprefiorfo subOFDRGFDOIG2 frater eguthas Sichbier ae 1004,
a long sub-_ frame .100 optional Iqw chip,.rate (LCR) sub-franme
1008. A 1oeﬁﬁ?t‘rvgléﬁ“8ﬁ¥er ‘3%’3%‘;}6&@ &a{}’?e&é‘ansinﬁiswnt%gﬁ%‘t"@ﬁbrlg igopdersipest that,
sub- f r ames tHe0§dtemt IO he@iHcRide QUi briad BBEpoHeRE an® klehieME oRfMElrsd - fu s 1006.
For a 10 rrinradlo frame divided in _this vv%y a short sub-franme 1002 has a
duration o™k dfgconyention]| gperating- feplirs: 140m theasake afirbagvitgn conrventional and a
| ong sub-f iARqddd0Bnd1 admporkinisAlréINBd Ob dightBl: sighlehrddts IR Sucf a8 WhaddepMES
that don't necessarily divide the 10 ns-radio frame evenly may al so be
used. | n t§nepdingglecodingy sarrelating tpehnigueshpreadiieflispreading, Pdpe ebenmsl eadia | ong
sub-frane rﬁ%&fue'ﬁ@y §RF) &chﬂﬂ%y,s'é.pd foﬂl@f%cﬁ@rpdg a%%ek@ V\ﬁlldgﬁé %di@@ué?fopéraﬁnfs

Then, the total timeg of the'sub-frames is 9 . | eaves a gap .of.l'_ms
in the radicempengnie of thresysigm YHadre noideserihsd rimdetaid biprefre bl QBDBUGEDMA so be
used. Alo ' : - ' TRy ratj f.Q 675.n8, and a
10 s radi \0995?%%)6 iaﬁaétaggqr&}' %@gﬁ%t% %10%4@?)?\6%&%%3*]5%%%&88} g&lggguﬁggr?r anes
1008 wit h dedcsSisimg IGEPFFThenhwviquesh- A disaetedinuaiet wmsopmi (OFT) amdy/aralnverse a
conmuni cat i,0n te ch_ as syst,em 600 to reduce jnte re ith
orher "syet SR B4R BUERAEADRT) 1D (R O0E0 e of IR AP SR Dhed 1
t he cont extrespéctivelgur e 6 above. [0082] The frame structure provides
conpatibility with multiple wireless comruni cati on systens. For exanple,

t he | ow chi[@67hThe ©EDM/OBRDM AL BigRaldranskivensystem(700 Tacludes Aargnsaditt@Wwol and

conmpatibility wt Time Di visipn: Synghronous de Divi sion ltiple
Access (TD§(§¥5\9R§“ %MW%B?@I gwa%n‘é?‘ieﬁ&Sﬁ?aégg?ﬂéﬁ?TISHﬁveétﬁ’b-. t &e 1006
g urat i onhpfo}'«Z)M@FrmoﬂAahddnw mgrgai 11 Wigith it tg-analbg Cdﬂﬂ%ﬁ“&mm gm&e alli.gflrhe f

art ner shi t Lon er vol utio radi o frane
“structure, W%Q%E)M#k‘égd%?ﬂ?@]mqg?%ﬁFBWP%%%EEH“?J‘HIQ?EW& P%ﬂﬂo'&?{‘al
exenpl ary CoirteF 08 andasia@d EyoRoBrefik mbdllérreo dd@Rdas & oy dic peefixdeRBto£Td90di MeNt
of the invention, The OFDM OFDMVA radi @ frame structure 1100 may i ncl ude
five exenpll&fyeaetvaméVy inclides p analogyio-digitah gonverters(A/R) prpdulg d 6.1 ar nverse e

- Sub-frames gEMRSFINTA Q6@HRH mb@tile ¥P4, lahK 2 QhraBQWEsdr K cdvBRAG 28 S TRDinveRe first
frame structure 1102 illustrates a series of alternating uplink regular

~sub- fr ames QERFIBYAateradves mesduint 7 Hy ingpylesapdemevmneickik Prégumarule 78OS # ames
(shown by %Eﬁé?mpﬁgl'l@tdoﬂgﬁrgpvﬁi; arld '8 ﬁf‘ﬁ/‘?E@ rﬁ&ﬁﬂ'&)'ﬁ%y i AR ednpiCidiL € 1104
illustrates a series -of alternating uplink short sub-frames and downlink
short sub- firansmeitier 70| and dhenregdives 705 cars sema ang kdceilce dath and ather comtnwhasatiba nk dat a

, b i . . f . 10 h
e P eSOk B A e P MR,
bits/ - of j in. head, and | | at b
5F thedel AJRBEIRANS el AT & il Tismang, M sdurdRRopubis ) oo o
licati i ke ;) d wh tl | i. i ti . 1h ird
ol ary (e SERIE irT dad e AR BR 2L eferaf Bl e mtelehifiot i ni
regul ar sulyfbATRSHRGRInEANVR pakich ARY sk 5 AR FigulDd SbyC@p s&iaY—?o-?a.rQ[e‘?at er

downlink data rate than uplink data rate. The fourth exenpl ar rame
structure Tewerel Okt rfhe squrge slatej ymbeks Y maynoriergmplpl bekbtsined tfrosubn f r ames

and downl i nk: -framnes, ' [ Ve - « I dat a

fate than UBE S e T Siel RS R0 o BB 3B HRHBHY

i |l ustrat esind symbdlesappingal Ademseriahtp payaltel icokversiong 7@, thef sommesdard symtal upl i nk
short sub-frame and a downlink short sub-franme. This would be useful, for

- -applications |like an internet downl oadsl7where small control conmmands

alternate with |l arge webpage downl oads. In nany real world situations, and
particularly for nmultiple access systens |ike OFDVA, the frame

synchroni zation on uplinks and downlinks to the various comunicating

devi ces nmay have timng variations. :



[0084] Figure 12.is an illustration of an exenplary OFDM OFDVA uplink and
downlink frame structure 1200 according to an enbodi ment of the invention.
The OFDM OFDMA uplink and downlink frame structure 1200 includes a downli.nk
sub-frame 1202, a single uplink sub-frame 1204, a |ast uplink sub-frame
1206, and a0 1Wp1e52R0sub-franme 1208. Each sub-franme 120PCT/BE4P813061 1208
includes a plurality of symbols 1210. [0085] The downlink sub-frane 1202

has a trangm ssign timng gap,(TTG), for the do [ 1212.
Transnmit aﬁafaP%‘b@ 9%&’? i]?]ﬁ ﬁ%lagﬁaé%”éﬁhiﬁfe%@ts ﬁh'gf’ gﬁlbl,evp bgby&y%%@%f‘mhgai nst
transiti on?. erR,m,,,t ansmt to receive and vice versa in a TDD system The
TTQ DL) 1212 prévides a protection for timng variations at signal
reception, and allows sufficient tine for a TDD systemto transition froma

downl i nk t ¢P04A] Tk panlel data TN@itOLS arg thep medulaiedondd Nchédifferenimuhicarriesd@06/ e
transition,g contr.i but 3 the d linpk suh-frame. [O For the
“single upl i“hEPgé‘{?ogsf Y& i@%ﬁﬁ{]ﬂhgﬁo ulg (527\6’3 tfksaﬁg’xﬁ‘%@i Y?’i%‘i &g]g&éﬁ’séﬁn each
end of the J8RehSSANON ] tangh [ b ly. in Bil argl ngl e .
pl i k. sub P aRESYSENCbalefl, Gl b LBl o SV s et G in Pl TR PO D
The single uplink sub-frame 1204 has a transm ssion timng gap for the
upl i nk . ( TTE(@BYYcarpera hayfep Hequseey tecipg ghdvit 71 iaakFt oghighpotiveayalit 1 6
according to an enbodi ment of this invention.* The TTG UL) 1214 and RTG 1216 -
provide a RLQl&fine AhnhiQbn thd I Gul Rhiridls! ARS AL polaGl3h RidraR fodgh t he
TTQUL) 1214 SFif i Slbon _foflc%%%tu Kebiigle a Tlii)p?;g{lgﬁn?dti%&?%g R fodE | om a
downl i nk t @FDM ujphbalk210An Flgurd ). Dependifg po tHeit@AsmiksidhMedia and the mefwaeiei ve
transition .contributed fromthe uplink sub-fr . The RTG 1216 allows a
TDD syst amPRRPRoEm: | (e Gmpiayn e B S 488 e s obgeg i O

- downl i n_k. _gida@@et,_;ih&lmpessary timng gap period for RTGis often very
short, it is optional in the systemdesign. In sonme systens, RTG can be set
to 0. In t;[lgl?(ﬂl)}’fl“hé’l&ldtlé}'&ﬁc refik ndAuleBY0 ietken ted €hdd SRt pREKtd &’ dafput he
cyclic prefix time for swtchi ng} fromtransmtting to receiving npde, but
it is typi Chthepaigfelrte serinh conysrersi08t frorrderdo seiprleteinaneid of panifipantigedieame
starts. In ' ton ot | i t. i gn.time to
St BN EIDOEIIED oy R U AR | a0l deA YRS e ™ L0
the nobi | e GHIANIOHDMA sPMbsIs (hod P Fighie@) S Thd é}lcﬂgpﬁﬁgﬁutraf%l{lﬁﬁﬁhéférrﬂ_ HQPE

wi thout sacrificing the cyclic prefix ' for transaction. VWen RIG'is set to
0, then t hdesysamriclastatyes iirs ofderr foheficiaitlypsief the dyclit Ipesfixts icffgdtvelypltilink
sub-frame" 1. “l.ast .yplinpk sub-frane” 1206 becone the same design as
Tunti ne sus PR R AR Do 38, p sE PR Py SNRRREF oo of
~uplink sub-eh¢ha@EBM synibof WHIGR is dHieRedUs dxbtding bhd dudonb2@8 OFDM kfmbdl€o seri es
and the last uplink sub-frame 1206 ends the series. The uplink sub-frame
1208 begi nsfsthe Ts &rficeld agfiordpnge witicprg ombpdimuent ofthe mventioni des a time gap to
allow a TDD radi o system base station to transition fromtransmt node to
recei ve node)71hhor exarhple, acackding3y sit embadirberlt of gt atvientiont, the y@ieprdfixonaldes om

recei ve node t rapsm,t )de., After t.he transjtion, suypsegyent suh-franes
{ransm t ¢ edteoreire B e RE cshid fondiPiine. Hitbih oRitngf S GG bR % e met
sub-frane iconfigieablepbienkf 8ayitan is deplayet, thpdeby klleuihg Effitfent 45204 Hagdwidansmi tt ed
as expl ai ned above, which ends the series with the RTG 1216, The RéG 1216
~provides a ASCHEINgN,2 EHNRIRIGHOR ST FaRels el EiPuTRiTSLve el prefix teeths oRsi ti on
from recei \ge A€ Qatidhs i 2RGWHIK, AAdRay fupgorbdifielont GdliOpeHs lepphsmR difReréik at i on
to transition fromtransmt node to receive node. According to an

enbodi ment base staiens ithsmgteprky Angaesmptsy 2 eoramuymieRtion Y siavy My eRpert diffesint be

cal cul at ed bha - i refdx i S i o the
cont ext of Cgﬁgcgﬂrgfg?ééﬁgg? q%ﬁé}%ﬁ%&fﬁ%ﬁ%%&gﬁr %ﬁaﬁ?g@ﬁr@h ?gsfbggh%%\gga{rsgti on of
an exenpl arsjatiorRDXY GEBMA cyglid prafk lengidi adlowvs arbesel 8@®nae sbhange oy condigare the

engt ' 13055 14 PEPL G BFatiS SEABRGLo! AeP s CHRITE, Al frpilfar ", 4o

downl i nk pitaodwivdPiSncy IDB/HzS of thamgsterht Fdr examifle, :whies cgmmupieationds (1GP) 1308
is all owed between, transm ssions, and then a 12 1. S transpitted. uplink
1ot CUe st R pee Rl Hie Bl SertAD. bogr Skt RE A 510 6

transmtted up to the end of the franme 1300. In one enbodi nent of the
invention, the DWPTS, GP, UpPTS are usdd-to provide downlink and uplink
transni ssion periods that are synchronized/lined-up with the TD- SCDVA f or
adj acent RF -channel deploynent. [0089] Figures 14-26 illustrate exenplary
t abl es of basic OFDM OFDVA paraneters for several channel transm ssion
bandwi dth series according to various enbodi nents of the invention: The
OFDM OFDIVA par aneters detail the variable | ength sub-frane paraneters of
the OFDM OFDMVA frame structure. As explained above, the frane structure may

. o o o - o .



.channel interference by

[0091] The FFT size NF. may be the smallest power of- two that is greater
than the required nunber of signal subcarriers (804 in Figure 8) needed for
the sanpling frequency Fs (814 in Figure 8) for the O-FDM OFDVA system For
exanple, for a transm ssion BWof 1.25 MHz, and a carrier spacing Af =

12. 5kHz , WWE200¥¢p420ed nunber of signal subcarriers (88dT/UsR0FI/§A6E 8)  can
be 100. Then, the FFT size N FR is equal to 128 which is the small est

power of t (1 7 e s. than ,100. 092 t hi s exanple, the
PoTo e o6 NSkt ftminaeid sy Bl 3 RS Ss0B0idR conio it el iR
transm ssi arsh&n&mylwhcdtrbﬁ)BWm bacusedtsmsrdet heinbtebde Tdatd mte anﬁ/smﬁmﬂ ts waucd hat Af

I's constant. Thi.s %ﬁ%‘? DM OFDVA synbol duration T. fixed, which is -
i ndependen?Vgped mésié(’tné’&wﬁ ndwi dth BW Tsym (Tsai = TG is

confi gur abl di.f-fer ent nt scenari o d therefore makes
scal i ng hal @@ﬁiﬁ%fuﬁ&yc,lﬁﬁégf‘ J(Jﬁy’?r‘“f RoEve! el’—“G’F]s‘;aRrﬁﬁﬁlvéluesag? € system
may- havedt lajaclféa;ﬁfefh 1>Dﬁﬂé@6r_nm908TH§c)&11&Qﬁéch &Y&F}o@m9&ﬁ@efﬁr%ﬁl&gca&ﬂaﬁhttg@ A
~maxi mum data thro t is orti-o e channel bandwi dt
5MHz systeﬁf‘lf&sﬁofrﬁ% ag’klé’r @W%Odé‘@sgtzg § forghoeyelis PRy &‘hannel
BWright nexdmgle thd vatid h@wco@esgmrﬁ tH@B#h@'WeﬁM dd?&twn rfe@dti fBbAE sRESN

maki n | subcarriers orthogonal to each

ot her. The °AYHest i 188 Cé"é‘ﬁ’ npﬁéﬂ%ct%%o wiHeheapravide she appeopriats caelis rreft | e
station, asaledmt e @ﬁﬂg)ﬁfeﬁ& Baddulet 0. h@ise gfé gl@%&&ﬂ effxoc[mﬁloilx(&%%

channel. Al frequency bands and rasters and e world
can be di viagheeiatsg with smitigathedelay ypread: t‘thﬁloa emix basensigiiont is deplbybdinfat ng

constraint gy, lécﬂeatt%'lﬁ&ﬁxg‘lll:@képoi‘%@ﬁuéQﬁn&??& déﬂ‘x‘f&l fePQPR] itl Ghuig Ni' s

exanpl e enbodi ment system w t bcarrier Spaci ng
val ue Af -cmerﬁkmalhaya biea beespiot. TheedeMy spiead Bkedmes yexylsosl and Geefie thit can

not Femto BS and the associated mobile stations should select a small cyclic prefix (out of the -

different length options) for the downlink and uplink sub-frames. transmission. On the
other hand, if a Macro base station is deployed, due to the large transmit power of the base
station powef‘ampliﬁer (PA), the base station can group the serving mobile stations into
different groups by their delay spreads (determined by base station or requested by
individual mobile station). The base Statibn can allocate these different groups of mobile

stations into different sub-frames with appropriate settings of cyclic prefixes. The cyclic
prefix is just a copy of the end portion of the useful symbol (7)), it is calculated and

copied on the fly. The cyclic prefix values may be chosen to efficiently size the cyclic
prefix to effectively utilize OFDM/OFDMA bandwidth, while providing a frame structure
compatible with multiple wireless communication systems. The specific cyclic prefix

values that are used are discussed below in the context of discussion of Figures 14-26.

[0073] The output of the add cyclic prefix module 710 is then passed through the D/A 712
to create an analog signal for transmission. The output of D/A 712 comprises the signal

waveform X(f) with duration Tsm-. The ‘signal waveform X(f) is up converted (not

shown) and the RF signal is transmitted to the channel 714.

[0074] The output of the channel 714, after RF down conversion (not shown), is the

received signal waveform Y(#)' which may include ISI from the channel and RF -

processing; The.received signal Y(¢) is passed through analog-to-digital convert 716,
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only divide the cormon channel raster of 200KHz evenly, but al so divide the
al ternative common channel raster of 250KHz evenly. Thus, a frequency
spaci ng of Af =12.5kHz can divide all RF channel evenly Wi t hout unnecessary
resi due bandwi dth. Additionally, the adjacent bands that are adopting the
same technNQOYP/WMR420- have mi ni mum i nter-channel interfBEEHEWOYWBE6), sinply

- all adjacent. sub-carriers are orthogonal to each other. Simlarly Af '
=10kHz, 20kHz, 25kHz can serve the sane purpose. The hlgngr the Af is

‘selected t Imhoh:l @it séduendeoppisahe fdoéibéd sigial &ify)campid doyaterobi. | Atsgmplifpe syst em
can tolerate. As nmentioned above, in the frequency domai fzan OFDM or- OFDVA
signal is nade Eﬁeof ort hogonal subcarriers, and the nunber ofused

subcar ri er saté8y _beod @edertih abceNaryedmdurd p}opéieqﬁﬁﬂ;t SelnZfin Iﬁﬁ)the Fas rxanpl e,
the FFT size (Nfy may be in a range conprising 128, 25 512, 1024, 2048,

or 4096 subcarriers. [0094] The sanpling frequency (e. g , Fs = 1.6, 3.2,
6.4, 12.8, ﬂﬁﬁbﬁsy@hﬁsé%‘@ﬂwﬁﬁ¥“@éﬁ be cal cul at ed based on the NF and Af
using the foll ow ng equation: Fs Af x N FFT [0095] Wth this particular
subcarri er [MJ&cBing; ISRmag he presing wmimhhajdyfcﬁepreﬁx timh @enivel, cydliaps:ifix Sempes

bandwi dt hs arr% ac‘il \%Q | gm(%v-ghe¥llcc it ?no%ﬁf I’}}S%e}Mrt Iﬁq‘&%%r e%}ngtdgﬁﬁengr f'[‘%'uee\r _

subcarrlers |n a arier transrormsize

spaci ng of Ismeelﬁarﬁhf-lz}’(k)amm bproopesriey tofpagdielddits agabals fvioferialolpaeallel ef i x
overhead with nobility support and achi eving reasonabl e frequenc

ef fi ci ency oMU ad %Fﬂglidvléwdr?drPIﬁHFFE Freodrls| 726+ dis putpyt ehthp MR h BW
(802 in Fi guien8hy %‘{1)3;(% \e/\fcé?l?fe,é‘(kghé§ %ﬁgééve%rrgplwa%k‘ %eoc}ggm%i dM sylf:n-‘[b(;lsS

occupi ed for signal

D, along with any transmission errors. The receiver may incorporate other techniques:
which are not illustrated here, such as channel estimation, maximum receive ratio
combining, etc. - ' | |

[0076] Figure 8 is an illustration of an exemplary OFDM/OFDMA signal frequency
domain definition 800. As will be explained' below, the choice of sub-carrier frequency in
the OFDM/OFDMA signal frequency domain may be used, according to an embodiment

of the invention, to insure frequency compatibility with wireless communication

standards. The OFDM/OFDMA signal frequency domain definition 800 may comprise a -
nominal channel transmission bandwidth ( B#¥') 802, a subset of signal subcarriers (N sG)
- 804, a signal bandwidth ( BW,,;) 808, a DC sub-carrier (DC) 810, guard subcarriers 812,

and a sampling frequency (F) 814. In some systems, the DC sub-carrier may not be -
defined. | |
[0077] For a given nominal channel transmission bandwidth (BW ) 802, a subset of signal

subcarriers 804 out of a plurality of silbcarriers 806 may be used to match the bandwidth

of the subcarriers 804 to the channel transmission bandwidth BW 802. The subset of
signal subcarrlers 804 is referred as sxgnal bandedth (BW,;) 808. The plurahty of

subcarriers 806 may 1nclude the DC sub-carrier (DC) 810, which contains no data.

Subcarriers outside the signal bandwidth ( B, ) 808 that are not used may serve as

guard subcarriers 812. The purpose of the guard subcarriers 812 is'to enable the signal to

have a smooth roll off in the time domain.

-20-



exanpl e, according to an enbodi nent of the invention the nunber of occupied
subcarriers for a channel transmission bandw dth BWof 1.25, 2.5, 5, 10, -
20, and 40 MHz can be 20, 100, 200, 400, 800, 1600 and 3200 respectively.
[0097] As expl ai ned above, in addition to the useful synmbol duration Tu

whi ch is ave?8m@420or user data transmi ssion, an addi PCOHaI0088p3I6dd of tine
- TG can be used for transm ssion of a cyclic prefix. The cyclic prefix

duration i n .10 each . .usef.ul s ol duration 71.a is used to

conpensat e?qog? F F%gg ((}?éspaenr gﬁ%tﬁahioﬂtorf S ue():‘erg}))lﬁr)?' tt“ﬁee%glﬁalﬂnsé'fnb?fejgf%ﬁ‘ e’eog?ﬂj by the

-pul se shapOFPM/IARDMA usgrl. atFigune 9t itlasisitss tthe iposifldnitgy, ofihtdyolitgprefix tintthd _

- OFDM OFDMVA synmhol duratio Ts =, Tu + TG+ T i s eml oyed for
Cransr £t SRESEE SO DY Ve A0 smtheh fer S gOR borgor 68

avai | abl e- f,QisefiP&mbdf tifai( @ bf ZNSYES i clicTprefi® 9641 @IGhHASWing ehddd 7L hg usef ul

OFDM OFDVA s;?rboél%ldurgti tc()n". Th'éﬂ\?\}gndc?ﬁﬁéc me peri od TV\?%Iai s&igkpf”l"gnal it

can be set 908 ddiatoRDBENEDMAENITEAY T ON0. I SbBESystdit theadinid\@ing BEioBRdy 16€
version of WMAX. [0098] As nentioned above, in the existing systens the

cyclic prehpibd defipethwhiphreat be fredted asi wiridgwingypedodiheyingze st afiresios Tihapt oyed,
.t her eby copst rai ning systemconfiguration for efficient bandw dth _
utilization. In these existing systens, cyclic prefix I ength may not be

yariante amhaNR fiRCalyy t osbl OFpIP Xt Biboi! f b EIRIAE T, £X1 U1 NG

systens ma Ow a base station to changeé or “configu

prefix dur @RDVYORDMA| sysitmti® rafedred ©BGsahaneall soaBel ihe(s; of 8099]90Acor di ng
to one enbodi nent of the invention, for exanple, when a conmmuni cation
channel hasopy ofséheend sputioniof thelsynibdl pprieh9saiel uged teprodicartipeyciepaiix §GPrad) , a

| onger cycly ref.i ration.can b t.0 el m nat 1ST.. In a |l ess
_‘severe char?gg'l B g%ﬁé??gcrlllg e\’/‘\nt%fl%&}’ gls?ssglr?ﬁllseglgsﬁg? WP %i%ﬂ“é‘?ﬁ%gﬁfe%g‘}e raec%l}"l%rc?nrcycl iC
prefix canbbdakesentywheroraver thedengtld wf ¢her exdercled spmbaladTlin groviges awntipatier al |

t hr oughput .and ect rzﬁl . eff{'-?i encye. I n tgi S mannfg%, .vgri ous _cyglic prefix
types nay BETHEEG 3 orels e sty bl iy genchinizalion grgspl dy Al as
expt ai ned ivindgWisy peiodi(IT, PP 0osVcan Heeidua bedote Y GLECpRfiebidKaddyR 8k AUSf
referred to as Short, Normal, and Long respectively. WO

2009/ 05242 6AGH4] LSROWR/t0 8618164 signal in-band and out-of-band emission. In this example, the
total symbol time (7y,,) 910 may include the useful symbol time (T, or Tiprr) 902, the

cyclic prefix duration T 904, and a windowing period (7,,,) 908. An inverse Fourier
transform (IFFT) of a set of OFDM data symbols in the time duration -./TSYM creates an

OFDM/OFDMA waveform.

~ [0080] As exﬁlained above, many interference sources such as IS], ICI, and multipath, can
have an effect on OFDM/OFDMA system performance. Furthermore, the choice of the
frame structure and the parameters that define the frames mély also determine the
performance of an OFDM/OFDMA systém. A tradeoff must generally be made between -
resistance to interference and datz;; transmission capacity. The tradeoff is determined by
the choicé of the parameters of the radio frames. For example, a lohg cyclic prcﬁx‘ may
im;;rove the multipath performance, but reduce the overall throughput of the system and

overall frequency efficiency.

[0081] Figure 10 is an illustration of an exemplary OFDM/OFDMA sub-frame structure
according to an embodiment of the invention. For this example, the OFDM/OFDMA sub-

frame structure comprises a short .sub-frame 1002, a regular sub-frame 1004, a long sub-
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101001 A cyclic prefix duration TG nay be cal cul ated based on the follow ng
rel ati onship: CPsarrpI es TG =where Fs is the sanpling frequency as shown:-
above and CPsanpi" is the Fs nunmber of sanples per cyclic prefix. Were,
CP. npi es =TG Fs can be obtained fromknowing TG and Fs . The value of TGis
sel ected i WQHeY453420i cul ar sub-franme configuration, suBGT/HS20038P361 Nor mal ,
or Long. [0101] An initial TG (plus TWN) value may be selected for- an

initial ch I 4 _ h

b P RS 1004Sng YA, FOUSPak it o HinVTbo® MREL, BB MM TK
in which Cmay' be;ﬂll\e@edntaso twenty o swrel shertsabrfilames IOQiotdnecglﬂmlsubrlﬁramabm% rre
~could be ¢ Shor.t ) TG =3, 125] in
whi ch CP3. gprbgi‘bﬁg(%g ﬁ'gm‘??@é)%oﬁéﬂiignﬁr%&f))%ra& I'—CP v1d%c§2 th]ls waya%s}foﬁﬁl aI

Normal TG Mpsioozhasalcmwmd oba§md; aregalat wbkfumhe tO@HIhasa deratbamerlags andnd t he
downl i nk cQ trol ann mul t S d br dcast, sub-f nd .t he Nor mal
TGis used? 9)ngtfﬁlgt ﬁjr%mafé aﬁ? ﬁg umbery ofguby rafrlfsl?}f?édﬁ%l%e
station. Howevarily dinide thd180 bﬁ&edlstfﬁmewwexhgsmycmm bd iRd. tIhakis @aL, Pigaprul ti pl e
nobi |l e stations are close en station with smal] delay

hto th bas
spreads; tﬁeén%%sslétgetréflﬁomaﬁ:ug?fa&’c?&é MgUR-Tapsimay haveix e subfemshsnit in

the upl i nk esdhbwith ardRsatioh toh 13M8s.t TEMES the: tofl @ieXof(tR 9ut-frkeRds 6 m3- WRdHi's. The
base station can also transmt _the unicast or multicast i nformati on so

t hese nobi l&8VestagargHd main the sadiqene Hespntiopd l@‘MBhIPrr@Fﬁéquﬁlﬁe%QﬁrmaWcl ic

Prefix (Shqfsh bg:BQedTGk o é@&ﬁtessubﬁ%neel)é)@m.a? hated dlﬁ'a@cj?ladTWﬁttﬁsam $$i on
bandwi dth of 2.5 Mz and a .Short cyclic prefix, a ,p, " value of 10

(3.125x3. 2)erfa<§ﬂo framg mamhqé‘awdqdnntp Hitor mmnlew chfpmateauwr\a@ns B¥S avithcx 3% er i es,
CPsa”, pi es b?he%g %@H%Epé/ d&rg't?on ﬂpxlf__s rﬂzg/ ejllr ﬁ?caﬁ te}nosugt? fsﬁ
IC pr ef i X,

cyclic pre fiur at T on constan or exarrp e or a rt cyc
CP, anpl es nwenméO@maﬂQw inBHBEAEGWItH othersyatems|that ragnkased o Garld:uannﬂmmx h of

1.25/2.5/ 5/11‘39423%/ %&{Eﬁﬁgﬁ{g%ﬁgﬁl& m%la%oJG remains at 3.125 s. A system

W th dlfferen e sale perfor mance and user

experience,
7TVHz syst erIn to] kﬁg%ﬁfﬁg Q’? k\ﬁ)ﬁdég Qorﬁéau i ﬂé%g:u?)tr é%;’lef%?srco?}ﬁ}{ %ca éandw dth
i ncrease. Fystenssarkor sxsﬁbspic |threiowrrﬂn}p Bteaamfamcewﬂ%) deraubrotpfma@vsm ngy alﬂbw he -
10MHz syst

r eat tral nni ng,
and 1t Ts RapEeeig SRR Ko, N ias SRBRElie iR i Gbme e "
bandwi dt h $¢EMASOFDBOEDMM t‘aﬁfoniaatma/ﬂhnytu_re/ dTtiedbhgesubyfedniec] 006 @itaxoslof 2t i ons
gﬁ% Egr ?Ih g?negxaggigwbw %r‘ﬁ%@ﬁ@? %81 th%g[ﬁ'lx?rﬁ r%esngll*aggn ?’grrt]r(xje\é\gh% ro?ea(:ts i(cj)ngo l}et he same

Evolution (3GPP LTE) OF DM/OFDMA radio frame structure, and the like.

[0083] Figure 11 is an illustration of an exemplary OFDM/OFDMA radio frame structure
1100 according to an embbdiment of the invention. The OFDM/OFDMA radio frame
structure 1100 may include five exemplary frame structures 1102, 1104, 1106, 1108, and
1112. The sub-frames_may be allocated for uplink or downlink transmission. The first
frame structure 1102 illustrates a series of alternating uplink regular sub-frames (sh_dwn by'
arrows pointing up) and downlink regular sub;frames (shown by arrows pointing down). -
" The second exemplary frame structure 1104 illustrates a series of alternating uplink short
' sub-frames and downlink short sub-frames. This can give the same uplink data rate and
‘downlink data rate; but in contrast to the first exemplary frame structure 11'02, the second
exemplary frame structure 1104 would have a lower overall daté rate (bits/sec) because of
an increase in overhead, and a lower latency because of the delay between sub-ffames. |

Lower latency is useful for some applications like vocoders, where time delay is critical.
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exanpl e, cyclic prefix durations of TG r-z3.125/10/16.875 [Ls nmay be chosen
for the Short, Normal, and Long cyclic prefixes respectively. These cyclic
prefix durations can be used for small, regular, and large cell site :
depl oynment as expl ai ned above. Selecting different cyclic prefixes for
OFDM OFDVAWOHAIS229 n a sub-franme for a base station aPCTBUR0§EEBI3GLIpporti ng
different types of base station cells and cell coverage areas. Thereby,

net wor k de : Be s | £ Lo ' . : e entire
et vork 1 of Ko Hhorey e Sty A8 Mokl 0l POl AU RE Bt eplin? PO
r equi r enensub-ivames aoth dpmdmkdongt subiiirafnes. Thiscanegdive agreasteralgenbmledata fa@1h8] For a
TDD syste downl.i nk a upl i.nk radj o propagation e.reciprocal., the base
stations gha%h egaet%:tra %ngflh cFe?oeuF%i xgmﬁjﬁre}‘t & Qasg?ﬁggfel éfdgs}lg"étr% 5 ?:fSﬁ“?Sc"%r ef i x
is suffici eddting upligkashbit Gubd-ramesndnd|dewalinld long subFrarhdse Thistvan givand even. mobi | e

station al so ca asyre the downlink signals.froma base station to

det er i ne IAET qvaiins flard g han ppliiidetarate 1By PR eremaley ame SERRITARL 10

transni ssi Qlistrakében §00BE bEalfetrtih® Boveink 61RO ub-faghel REthRASHENR Rdrt ab-fidhe

preferred size of the_ cyclic prefix. [0104] Different sub-frane (e.tg.,
€

! p 2 L9 ] :
Short, Regand t gayylinkushattisapréames diis woudree asshulplor derlicgieny lixagednigmet
di fferent gywhibad, Whefel salUSoRirbOEbSAHAN aRsmard With, lare WiBbagealodnldadd fyclic
prefix durations. For exanple, in Fiqure 14 sub-frane durations nmay be T

sub_ framemenpresl world sifgtianssang ragiculapy fawitiple reegen siptema ke QBRYL ARt i ons
- respect | Velme Al iirdnibafiblbh Spitks Qb fidlsGo REPLdrtbul o i RRarikE dEVIGN for @
1.25 Mz channel transm ssioh bandw dth may be approximately _ -
3. 125/ 10/ 16wag paveltingng yariafhex:t, Normal , and Long cyclic prefix durations
respecti velu%. Accordi ngly, useful bandw dth can be allocated fO data
transni ssi YH8#hEigead 24§ arifluktratiopoédn sxempians PFOM/OFDMAuplitkyand dowslik ng t he
bandw dt h LGl en ' ) | 8. i’ VEISAS Aihe
‘cyclic preﬁkgﬁégﬁyé%wcggﬁé@g %i?%ﬁ]{z%ecg?g?%?%]m Oﬁorg gkliven qdf/(gu ~frane
and cycl i cuplirdfand doyplink frame suwdtiae 1300 GFIDWSCFBMALnY shipfremp d20% uisidglane (
Nsym ) can D6 AubYAGE 1964, Uast BSiRAB LAY 156 BERAYER sAMarkd T208. Each

sub-frame 1202/1204/1206/1208 includes a plurality of symbols 1210.

. [0085] The downlink sub-frame 1202 has a transmission timing gap (TTG) for the
downlink (TTG(DL)) 1212. Transmit and receive timing gaps exist as guard periods to-
protect against transitions from transmit to receive and vice versa in a TDD system. The
TTG(DL) 1212 provides a protectioh for ﬁining variations at signal reception,. and allows
sufficient time for a TDD system to transition from a-downlink to an uplink. A TTG(DL)
is a portion of the 'transmit/receive transition gap cdntributed froni the downlink sub-

frame.

[0086] For the singlé uplink’ sub-frame 1204, there is a transfrxission-tiining gai:; at each
‘end of the trénsmissio_ri for single uplink sub-frame 1204, since a single uplink sub-frame
1204 is both the start and end of its series. in a frame. The s‘ingle. uplink sub-frame 1204
has a transmission timing gap er the uplink (TTG(UL)) 1214 and a receive;transmit
transition gap (RTG) 1216 according to an embodiment 6f this invention. The TTG(UL)
1214 and RTG 1216 provide a protection for timing variations at signal reception, and the
TTG(UL) 1214 allows sufficient time for é TDD system to transition from a doWnlink to-
an_uplink.. A TTG(UL) is the portion of the transmit/receive transition gép contributed
from the uplink sub-frame. The RTG 1216 allows a TDD system (Figure 6) time to
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size NF. Fs and N FFT may -be chosen so that N5 can remain-the sanme across
the bandwi dth series. For exanple, for a 1.25 MHz transm ssion bandwi dth N
sym may be basedont hefol | owingrelationship: 1 T Sub - frame X Fs - 2 TTG
mn sanples =1.5 x1000 x1.6-5-18.01 N FFT +128+ 5 CP sanple [0106] When
the carri eWGHEVISAGOAT i s flxed the length of the usePGﬂUgwww@W%duratlon

transition from an uphnk back to a downlink. Since the necessary tlmlng gap perlod for
RTG is often very short, it is optional i in the system design. In some systems, RTG can be

set to 0. In theory the base station may take up very small portion of the cyclic prefix time

for switching from transmitting to receiving mode, but it is typically up to the base station.

to adjust when the uplink frame starts: In one embodiment, the uplink frame is sent in |
advance in time to offset propagation delay, therefore there is more thah sufficient time for

the mobile station to switch from transmitting mode to receiving mode without sacrificing .
the cyclic prefix for transaction. When RTG is set to 0, then the system design is further
simplified, then “single uplink sub-frame” 1204 and “last uplink sub-frame” 1206 become.
the same design as “uplink sub-frame” with only TTG(UL) 1208.

[0087] If there is a series of uplink sub-frames in a frame, then uplink sub-frame 1208
starts the seﬁes and the last uplink sub-frame 1206 ends the series. The uplink sub-frame
1208 begins the series with a TTG(UL) 1214, which provides a time gap to allow a TDD
radio system base station to transition from transmit mode to receive mode, and a TDD
radio system mobile station to transition from receive mode to transmit mode. After the _
transition, subséquent sub-frames fransmitted'on the uplink may be sub-frames without
‘time gaps. For the last sub-frame in the uplink series, a last uplink sub-frame 1206 is
transmitted as explained above, which ends the series with the RTG 1216. The RTG 1216
provides a time gap to allow a TDD radio system base station to transition from réceive
mode to transmit mode, and a TDD radio System mobile station to transition from transmit:
| mode to receive mode. According to an embodiment of the inventidn values for the
TTG(DL) and TTG (UL) can be calculated based on the cyclic préﬁk duration as

explained below in the context of discussion of Figure 14.

[0088] Figure 13 is an iliustration of an exemplary OFDM/OFDMA opf_ional radio frame
1300 according to an embodiment of the invention. The optional rédio frame 1300 is 5 ms.
in length 1302. It starts with a 0.675 ms optional sub-frame 1304. Then a 75 ps downlink
pilot (DWPTS) 1306 is transmitted. A 75 ps gap period (GP) 1308 is allowed between
transmissions, and then a 125 ps transmitted uplink pilot (UpPTS) 1310 is trahSmitted.

" Then 0.675 ms optional sub-frame 1312 is transmitted up to the end of the frame 1300. In
one embodiment of thé invention, the DwPTS, GP, UpPTS are used to provide downlink
and uplink transmission periods that are synchronized/lined-up with the TD-SCDMA for
adjacent RF channel deployment.
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becomes constant, Tu =For a given cyclic prefix duration the 1 ength of
synmbol Af duratlon is also determned (assuming Twit,' = 0), T sym= TWN +
TG=+ TG . For a Af given sub-franme duration TSub- Frame the Tsub_ Frane
conprises transnmission time and idl.e tine. The transmssion time is .

occupi ed bywowaes2£0gnal of nultiple of synbols, N synPXIVES2008/080¥de | ef t over
idle tine is used for transmt transition gap (TTG time TTG Sub- Franme and

IS R Kt ST N

- nunber of (el Ol tenEhiRbion PRIIWSUR s RcdrdibiB YoM Waricua RibediRhs tolfameed as
Fol I ow ng: invention. The OFDM/OFDMA parameters ‘detail the variable length sub-frame

parameters of the OFDM/OFDMA frame structure. As explained above, the frame

structure may provide compatlblhty with multiple wireless communication systems usmg

an efﬁcxently sized cyclic prefix to efficiently utilize OFDM/OFDMA bandwidth. Note

that numerology_speciﬁed in these tables is for exemplary purposes only and other values

for the OFDM/OFDMA parameters may be used.

[0090] Figure 14 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
nx1.25 'MHz bandwidth series according to an embodiment of the invention. A nx1.25
- bandwidth series includes channel transmission bandwidths of 1.25, 2.5, 5, 10, 20, and 40

MHz based on multiples of 1.25 MHz. Figure 14 shows sub-frame duration, subcarrier
spacing, sampling f[e(juency, FFT size N 7> umber of occupied subcarriers, number of
OFDM/OFDMA symbols per sﬁb-fra.me, cyclic prefix durations of each of the sub-frames,
and the cyclic preﬁx duration of the TTG(DL), TTG(UL), and RTG of each the sub-

frames.
[0091] The FFT size N ., may be the smallest power of two that is greater than the

required number of signal subcarriers (804 in Figure 8) needed for the sampling frequency

F; (814 in Figure 8) for the OFDM/OFDMA system. For example, for a transmission
BW of 1.25 MHz, and a canier‘spacing' Af =12.5kHz, the required number of signal
subcarriers (804 in Figure 8) can be 100. Then, the FFT size N, is equal to 128 which-

is the smallest power of two (i.e., 27) that is less than 100.

[0092] In this example, the FFT size. N mr 18 scalable from 128 to 4096. When the
available channel transmission bandwidth BW increases, the N, also increases such

that Af is constant. This keeps the OFDM/OFDMA. symbol duration T, fixed, which is

independent of channel system bandwidth BW. T,,, (TS;YM =T + T;) is configurable

based on different d/eployment scenarios, and therefore makes scaling have a’ minimal
impact on higher.layers. For example, a 7MHz system may- have the same perforrha’nce as
a 10MHz system, except for that the maximum data throughput is proportional to the
channel bandwidth (BW). A 5SMHz system can migrate to.a 10MHz syStem by adding - v
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TSub - frame [0107] N sym- TTG Sub - franme RTG 1 Af . T G Sub - frame _

WO 2009/052420 ' » : PCT/US2008/080361

another SMHz channel BW right next to it without a guard band’ aﬁd without causing
adjacent channel interference by simply making éll_ subcarriers orthogonal to each other.
The migration can be done With the same-base station -and mobile station, as long the
- bandwidth filter has beén designed for a 10MHz channel. All frequency bands and rasters
(200KHz and 250KHz) in the world can be divided by 12.5KHz evenly, with no extra

bandwidth and banding constraints. A scalable design also keeps the costs low.

[0093] In this example embodiment, an OFDM/OFDMA system with a fixed subcarrier
spacing value Af =12.5kHz may be used. The Af =12.5kHzis chosen because it can not

only divide the common channel raster of 200KHz evenly, but also divide the alternative

common channel raster of 250KHz evenly. Thus, a frequency.spacing of Af =12.5kHz '
can divide all RF channel evenly without unnecessary residue bandwidth. Additionally,

the adjacent bands that are adopting the same technology will have minimum inter-
channel interference (ICI), simply all adjacent sub-carriers are orthogonal to each other.

Similarly Af =10kHz, 20kHz, 25kHz can serve the same purpose. The higher the Afis

selected the higher the Doppler shift, often caused by mobility, the system can tolerate.
As mentioned above, in the frequency domain an OFDM or OFDMA signal is made up of

orthogonal subcarriers, and the number of used subcarriers may be less than or equal to the
FFT size (Nger). For example, the FFT size ( N ) may be in a range comprising 128,
256? 512, 1024, 2048, or 4096 subcarriersf

[0094] The sampling frequency (e;g., F; = 1.6, 3.2, 6.4, 12.8,25.6, and 51.2 MHz) can

be calculated based on the N, and Af using the following equation:

Fs‘=AfXNFFr.

[0095] With this particular subcarrier spacing, RF channels with different. channel

transmission bandwidths are scalable. They .can be defined with accordant used
subcarriers within a fast Fourier transform size Np. A subcarrier spacing of
Af = 12..5kHz_ has a property of good trade-off of cyclic prefix overhead with moBi_lity

support and achieving reasonable frequency efficiency.

[0096] For a given nominal channel transmission bandwidth BW (802 in Figure 8) only a .

subset of subcarriers Ng; out of N is occupied for signal bandwidth BW;. For
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[0108] In the table of FIG 25, a sub-frane length of 1.5nms Tsub_Frane

=1500us is used as an exanple to denonstrate how the nunber of synbols in
ame is calculated. Since 1 Af is fixed at 12.5kHz, Tu = -=80us,
we can pick a Normal CP TG = 10s for this sub-frame. W can al so ass

the sub-fr

RTGsub_Fr aMea-B09/ee0 TTGsub_Fm >10p.

del ays to
. 1500- 10- O-
enbodi nment ,

derive the follow ng relationship: - TTG Sub-franme RTG Sub-

%%ﬁeg aL%%&gé g’:‘\!ms oallmenﬁ'iﬁ{%{n@g%gn 3:}1 %%"}1& oAgupled[ %]érr}erl

rane 1s

une -

t 0 accommopdat e ad@CT/UBMe8/08M6ppagat i on

frame
n one
n the

t abl e of Flfcgwr@arﬁﬁcl tr@:@mﬂonlﬁandmdtm&Wemfam;ﬂ 25,5 elgaz(dlaﬂtiséao (MHzt ben twi20e of the
the nunber of symbols in a
(?QQJ%%Q 4% @R@Mg%@ rmg?%lypart icular CP length is chosen. For

t ransm ssi
parti cul ar
a particul
RF perfor

‘h’?g]e nt channel condi tion, articular CP is chosen;
Ie&‘f’

t he

ged £oRY¥D 1P 3 fkflt'roarwdﬂww tsymP%}ngw%% dn WhiskIF dt h
[ with th subscri ber will
i oyt he_ Erieble Of u5F Bienlrimisiin, & el puthd of time 7,6 6 ied ol

transmission of a cyclic prefix. The cyclic prefix duration is prepended to each useful
symbol duration 7, and is used to compensate for the dispersion introduced by the
channel response and by the pulse shaping filter used at the transmitter. Thus, although a

total OFDM/OFDMA symbol duration of Ty, = T, + T; + T, is employed for
transmitting an OFDM symbol, the useful symbol duration: 7, = A is available for user

data transmission. T, is therefore called the useful OFDM/OFDMA symbol duration.

The windowing time period 7}, is optional, it can be set to 0 in some communication

systems, such as the IEEE 802.16e version of WiIMAX.

[0098] As mentioned above, in the existing systems the cyclic prefix is configurable, but it
is ﬁked when a system is deployed, thereby constraining system configuration for efficient
bandwidth utilization. In these existing systems, cyclic prefix length may not be variable
and one type of cyciic prefix may exist. In this manner, existing systems may not allow a
base station to change or configure the cyclic prefix duration to adjust to varying channel

conditions.

[0099] According to one embodiment of the invention, for example, when a
communication channel has a severe multipath delay spread (i.e., larger delay spread), a

longer cyclic prefix duration can be used to eliminate the ISI. In a less severe channel

“conditions with less multipath delay spread, a short cyclic prefix can be used in order to

reduce radio overhead and improve overall throughput and spectral efficiency. In this
manner, various cyclic prefix types may be used for small, regular, and large cell site
deployment as explained in more detail below. The various cyclic prefix types are

referred to as Short, Normal, ahd Long respectively.
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[0102] Additionally, as shown in the table of Figure 25, the shorter the
cyclic prefix the higher nunber of synbols can be fitted into a particular
sub-franme, thereby providing higher throughput for the sub-frame. For a
Pico or Fento cell deploynent, the delay spreads and round trip delays are
of ten snmal WO X894R8hase station and the associ at ed noBfTESHIBPBHs can be
configured to transmt with-short cyclic prefixes (Short CP) to inprove
frequency effhCi . o_ce | oyrent he ,coverage is. often
the i mpor ¢ SHO0F et BB o Bl EF Y S TR PR o b By SRR P

natural |y havecparge cell site, which has increased the delay spreads-and
round trip et ayE2fomhrnsF, iadk GamplypakQuend as ahovaoifove dhe drje  biaske station
and nobile statifns and the associ at ed mobi |l e stations with faong cyclic
refixes (Long CP) to, conbat .ric i pat) and | arge delay spread so as to
Peduce:: nt BRBEST A SEPISE OFF SiebnEEF Tt SIPerrhepent b 8 £ DpOEBREL R and
Macro Cel l iﬂcan gedgﬂ; oyed simultaneously and each can have optim zed CP
sel ecti ons “BNY"¢redli®isy efficiency. [0103] As discussed in relation to -
Figure 12, the TTG DL), TTGE UL), and RTG may vary based upon to the size of
t he sub-fr dhe valud dfhE; d¢oselestgdomdihagpadigelar sulpfrashé xonfigueationoseb sorShoodul es
616/ 622 may, be suitably configured to conpute TTG (DL), TTGE UL) and the RTG
val ues as POMPYwE:LoPE104] The TTG (DL) may be cal cul ated by using the
followi ng relationship: TTEDL) = (DL sub-frane duration) - (num of symnbols

in the DL $Q191F AanmtialxTo( Gplom Tk DiviRue e be sdestest fonan initipk ghapyel. Wsshawvn
OFDM OFDMVA. sy.nhol I = {cyclic prefi uration G) |.EFT tinme
(T CWRBBRe A b MR ol ssbefitee bar b drafised cdntjormal' po
cal cul'at ed dyylidipieis (Nafndl H)OW, Nan oL8| AL WIRES READ: oles DAY cothpfiteUd8 sanfpids.
Sub-frame duration) - (numof synbols in the sub-frame) * (OF OFDIVA
synbol dur ainber (plikysibiframeeull Bé ¥ohfigired Abe Bhtt €YcidSPrefix (Short CP), T,

=3.125ps, in which CP,, ., may comprise only 40 samples. For example, an initial
Normal T; =10ps is selected based on a typical cell site coverage, and the downlink '

control éhannel, multicast and broadcast sub-frames and the Normal T is used so that all
mobile stations are able to listen to the base statioh. However, oncé the base station has
identified that one or multiple mobile stations are close enough to the base station with
small delay spreads, the base station can allocate these mobile stations to transmit in the

uplink sub-frames with Short Cyclic Prefix (Short CP) T, G =3.125us. The base station can

also transmit the unicast or multicast information so these mobile stations can also use a

downlink sub-frame with Short Cyclic Prefix (Short CP) 7; =3.125ps. For example, fora

channel transmission bandwidth of 2.5 MHz and a Short cyclic prefix, a CP, value of

samples

10 (3.125x3.2) may be obtained. In this manner, for a given bandwidth séries, CP

samples

may be scaled by the sampling frequencies so as to keep the cyclic preﬁ){ duration Tj;

constant. For example, for a Short cyclic prefix, CP,, rﬂay be 5/10/20/40/80/160 for

samples

channel transmission- bandwidth of 1.25/2.5/5/10/20/40 MHz respectively, while 7,

remains at 3.125 ps. A system with different bandwidths will have the same performa.nc_é
and user experience. In IEEE 802.16e version of WIMAX, a subscriber moves from a

7TMHz system to a 10MHz system, T is reduced accordingly with the bandwidth
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shown above. [0106] RTGis usually small and nmay be obtai ned by sw.tching
‘the tinme period fromtransmt to.receive node. If RTGis required in the

. system desi gn, RTG should also be defined in a tinme unit which can be -
di vided evenly by all sanpling times. Using the table in FIG 14 as an
exampl e, tMOWMSEAIN time unit is Ts =3.125/5 =0. 625[ t BCT/BRAES08¢36Nor nal CP
sub-frame is 1.25p.s in this particular exanple. Alternatively, RTG can-

al so be se e : -f rane 0 FiQure.14. the
Troony, e oS sk ol Bl b ARend i LrcoBe AN ol ) PV Fordel:) LIP
(CP), may béeha8.imposgd grealednsiraists oartbe delRSte lphGinings ptitiiy bird .to Siaivtdianhey, t he
TTGE DL), TTG UL and RTG far..the Lan ub-frame and a Normal cyclic

sk ppRiencagpross ATleht prgngees

prefix, miBe" &S5%r especti vel y, and so on.

bar anbt or < UIGF ATTRNCAn LR PIAERE o REo R BT ke R ehsrrPhEGe

def i ni ti ongamhdssionebdndtidth asddi bn ake ddirfe ROB-cdrAickuBshamk| W/ explsanedFger ei n.
[0109] Figure 15 illustrates an exenplary table of basic OFDVA paraneters
for a 3.5 peamb. dydlicqueiiedirgtionanhs ~8.4 25501 68750 banbaslwsdnsfogtieShoir, 14,

28, 56, ang Mlla‘zl) i ~embodi nent ..of _the inventign. The FFT
size N Fn. glf’é&%’ca aopgsgcg%%r%g .% (S)Igj‘e %%geg;?l F%c’fcgrg P fetéixt%éatlf.gszﬁng)gnaev% dth
seri es expfaismal, mpdare andalargerENVsiEFDifoymeat @nexplained abbiex Stlestiycdiffedent _
spaci ng val ue Af = 12. used for -the 3.5 bandw dih ries. As
Shown n " EPYiTe arefised o DRUBTRENR VRt it st Farie fs bans sitbonglons B 57 o
102. 4; andsiPértidg MHferenF eypes b tmsestatitpl cells dddecel woeigeaiead C Th@tRd nawbear ri er s
for channel, transm ssion bapdw dth BWof 3.25 7 14, 28, 56, and 112 M+
are 281 SIS gy bg SmpDiHed byHRAING hesed e et Bryork 4965 ar  abl o
cyclic pretdfe eliliaipreBings fhatless oF thél @Rt tdqiReriditston eabEHWNNtaiof T4l 16. 72
[is) can be chosen based on the same Af P--112.5kHz condition. The variable

cyclic pr eFIkCOYERE8E #6hs are referred to as Short, Normal, and Long cyclic

PT e.f e [0103] For a TDD system, downlink and uplink radio propagation are reciprocal, the base
stations can detect and determine whether é smaller size of cyclic prefix is sufficient fora
particular mobile station. On tile other hand, a mobile station also can measure the
downlink signals from a base station to determine what size of cyclic f)reﬁx,is sufficient
for the uplink transmission. The mobile station can report to the base station the preferred

 size of the cyclic prefix.

' [0104] Different sub-frame (e.g., Short, Reg., Long) durations T can be designed

ub— frame
based on different_ cyclic prefix durations such as Short, Norinal, and Long cyclic prefix

durations. For example, in Figure 14 sub-frame durations may be T} =0.5,1, and

ub— frame
1.5ms for the Shert, Regular, and Long durations respectively. Also in Figure 14, the

cyclic preﬁi duration T + T, fora 1.25 MHz channel traqsfnission bandwidth may be
~approximately 3.125/10/ 16.875 ps for Short, Noﬁnal, and Long cyclic prefix durati.ons |
respectively. Accordingly, useful bandwidth can be allocated for data transmission instead
of cyclic pfeﬁx &ansmission, thereby increasing the bandwidth efficiency (bits/Hz). In

this manner, the overhead from the cyclic prefix duration can be minimized.

:[0105] For a g‘iven' Tsus-pame and cyclic prefix type, the number of OFDM/OFDMA

symbols per sub-frame (Ng,, ) can be a function of the sampling frequency F; and FFT

0.



. Figure 14), and so on.

respectively, and can be used for snall, regular, and large cell site
(Figure 1) deploynent. Different cyclic prefixes may be selected for
O-DM OFDVA synbols in a sub-franme (e.g., short, large, and long). D fferent
sub-franmes (e.g., Short, Regular, Long) durations TSub- frane can be - -
desi gned bawedoyes2¢kof f erent cyclic prefix durations su€fT/AS208s0361 Nor mal ,
and Long cyclic prefix durations respectively. For. exanple, for Tsub_frane

= 0.5 1, and ., 1.5 Figure 8 the TG TWN duration (overhead) for a

30 Vit endRR iy Tt B Bbetorn oty Ben s GOUETBIOGE S80S Bp s O O
respectively., [.0111 ‘menti oned a ..accordin o .an, enbodi nenf of the
i nvgnti on lbw‘g‘%éf‘%ﬂfﬁoﬁ'?@@%’?or%ggmgﬁwwlﬁi}g’bé@@ﬁ‘% mwt Iomf% ® size of

- the sub-fra nd the corresponding cyclic prefixges.. For exanpl.e, .as shown
“in Figure f@?“‘?‘ﬁ‘g cycl i®Prefix Jbrati onth%f t he ﬁ‘ﬁ‘l‘f{lﬁ), TTan%lgrfShlgnd RTG,
for a Long sub-frame and a Short cyclic prefix, may be about6.56, 6.25, and
0.31 ps respectiggly, Sipil-ar he cyclic prefix duration of the TTGDL),
TTG W), and RTGYESfbofr th@sLoﬂﬂ%mr% keénq 1as>d\uoomsaj.6eﬁc—h,g§ prefix, may be
about 604s,N@9_.<bt5 psS, an U.,;g: espectively, andigy Pn. [ 'b_] Figure 16
illustrates an exenpl aryﬂ/{‘”ﬁbl [gf"’"'”basi c OFDM OFDVA paraneters for a 1.25
MHz bandw dth series showi ng additional optimzed overhead ( TG + TWN )

val ues t hat0408l When fheeprdercreing ¢Vt b Ibrsdotie denstls obtheusefu] sypehel durgtionror
exanpl e, overhead values for a 1.25 MHz channel transm ssion bandw dth BW
may be abobtcahes/@ndait6 73# rFaa aSpioen cytic! prefixpdedation, thoilamath afyoimbol prefi X,
and Long cyclic prefix resﬁsé(cti vely (conpared to 3.125/10/16.875 pis in

duration is also determined (assuming T, = 0), Tg,, = T,ﬁTWW +T5= Al_f + T,. Fora

given sub-frame duration 7 the T,5_ rrame COMprises transmission time and idle

ub~Frame >
time. The transmission time is occupied by radio signal of multiple of symbols,
N g,,M x Tgns - The leftover idle time is used for transmit transition gap (TTG) time
TTGq,_r..me and receive transition gap (RTG) time RTGg, romes the latter is typically

applicable to only uplink sub-frame. The value of RTG is often small. The number of

N
OFDM/OFDMA symbols per sub-frame (* ™ ) can be calculated as following:

[0107] NSYM ':_: T Sub .-frame - TTG 1Sulz — frame RTG Sub - frame _
. 1, . |
a7 T

=1500us is used as an

ub—Frame

[0108] In the table of FIG 25, a sub-frame length of 1.5ms T

example to demonstrate how the number of symbols in the sub-frame is calculated. Since

Af is fixed at 12.5kHz, T, ='—Al?=80ps, W_e can pick a Normal CP 7,;= 10u for this sub-

frame. We can also assume RTGgy rrume

=0, and TTGg, s, >10p to accommodate
additional propagation delays to derive the following relationship: ‘

' '_.TSub—frame = TTGSub—frame N RTGSub-—frame <1500—10—0

0109] Ny = :
[ ] SYM L_*_ o 80+10
Af TG

=16.56 -
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[0113] Figure 17 illustrates an exenplary table of basic OFDVA paraneters

. for a 3.5 bandw dth series show ng additional overhead val ues that may be
used according to enmbodi ments of the invention. For exanple, TG + TWN
‘durations that are simlar to the 1.25 MHz bandwi dth series expl ai ned above
(Figure 16O W0%052426 used for a 3.5 MHz bandwi dth seri EST/U§IDQ8M])36F| gures
18- 23 are extensions of Figure 16 shovm ng val ues for the TTG (DL), TTQE UL)

and RTG fo 1, 1.25 u anmes .accoydin

vari ous en‘loolgpﬁen(l 5’?0?1 e trll\c/:enﬁlnlber,ofs’ ll%%ﬁntﬁ‘? ﬂ‘l}?r anf8‘“€laﬁ§ll?vgl@§£ean
exenpl ary tabbd of Fifurd2si ¢ OFDM OFDVA paraneters for a 1.25 MHz bandw dth
serieswth a 0.5 nms sub-frane according to an enbodi nent of the invention.

As shown i (016l pEom thS, extdplediep@tiiesofithy sizhef thd %Bhﬁssxoﬁ%&ilq)gth taGdAZIEF G f OEI
a 0.5 ms sub; me, and a Shor clic refl e 5 5 an
2.5 1.1.S 9 %‘llé@% |‘l}eeP‘§f“beSPEf>if%‘?Dl%j/‘n aspglonr %ﬁﬁ“"f‘éghet%@erelf@ BPprticyiig L) |
and RTG f oCPalefktl i§TBhosetd-Fok arpart@iir @eﬂl@ﬁﬁhr@léﬁaldn@l Wndftiod, 4 paxtiBfdr CPBY be
about 112.5, 110, and 2.5 ps respectivel y and_so on.
chosen; the RF performance related to mobi 1ty for different transmission bandwidth
remains roughly the same with the same RF overhead. The subscriber will enjoy the

similar user experience in the system, -

[0102] Additionally, as shown in the table of Figure 25, the shorter the cyclic prefix the
higher number of symbols can be ﬁtted into a partlcular sub-frame, thereby providing
hlgher throughput for the sub-frame. For a Pico or Femto cell deployment the delay
spreads and round trip delays are often small, so the base station and the associated mobile
stations can be configured to transmit with short cyclic prefixes (Short CP) to improve
frequency efﬁciency. For a Macro cell deployment, the coverage is often the important
limitation. Due to high transmit RF power, Macro cell naturally have large cell site, which
has increased the delay spreads and round frip delays for most radio signals. We can' -
configure the base station and mobile stations and the associated mobile stations with long
cyclic prefixes (Long CP) to combat rich multipath and large delay spread so as to reduce
' inter-symbol 1nterference (ISI) The Femto Cells, Pico Cells, and Macro Cells can be
deployed 51multaneously and each can have optimized CP selections and frequency

efficiency.

[0103] As discussed in relatlon to Figure 12, the TTG(DL), TTG(UL) and RTG may vary
~ based upon to the ‘size of the sub- frame and the corresponding cychc preﬁx The
processor modules 616/622 may be suitably configured to compute TTG (DL), TTG(UL)

and the RTG values as follows:
[0 104] The TTG (DL) may be calculated by' using the following relationship:
.TTG(DL) = (DL sub-frame duration) — (num of symbols in the DL sub-frame) *

(OFDM/OFDMA symbol duration ( Ty, )), where

OFDM/OFDMA symbol duration = (cyclic prefix duration (1)) + (IFFT time

(T)) + (Windowing time (7}, ))
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[0116] Figure 19 illustrates an exenplary table of basic OFDM OFDVA
parameters for a 1.25 MHz bandwi dth series with a 0.675 nms sub-frame .

- according to an enbodi nent of the invention. For exanple, as shown in
Figure 19, the duration for the TTGDL), TTG UL), and RTG for a 0.675 ns
sub-frame WU2089/GRBPt cyclic prefix (2.5 ps), may be 1BCT/UR088/08836H 2. 5 ps
respectively. Si m'IarIy the duration for the TTGDL), TTG UL), and RTG for

R L T

exenplary table of bﬁﬁé r rs for dt-h
series wwth a 1 ns su @r?:%%%r ?ngdﬁggn ugld? %f“lwﬁ BI'E:ns\}l ntion.
For exanpl e, aSﬁ&hQVW(OFDIFW(QEDMAZ@mHthuﬂW@(ﬂT 0N, fvﬂferet brg T GhIRkted TG UL) |
and RTG for a 1 nms sub-frame with a Short cycllc prefix '(2 5 ps), may be

10, 7.5, and 2. $hopmabeepectively. Sinmlarly, the duration for the TTGDL),

TTG UL), and RTG for a 0.675 nms sub-frane and a Long cyclic prefix (15 ps),

may be 31. MHO06PRT@5is wawally2snfallpandr meyp be tobtagied byasvdtchmgdhe tifr@ 1de@pd Frogur e 21

illustrate e [ f. [ 1.25

Mz bandvvlzf sfgzrsll Iggél% ﬁée tﬂiﬁg& 15%?115&% g;%g’s Sé%or i{Hglhoue qo frent of
t he i nvent idefined Fon timeamg| vehiclasan e aividddrevenly by ell zdnmltdgem:l' 50 Ehg theTéIBJI( uL),

d RTG for : b- f W th a Short I fi 2.5 b
15, 125, hilG 3 a@n?&w&aﬁemwlmgﬁmm%h@‘fsyfrh'e%da%&%Qxﬁxz( RERUorTe o).
TTGE UL f?anl]e $
ma;c/;( be) 46. gg)gﬁ;rgef%? él glsa“;r spec mﬁ/l&oggd-ﬁ%@eggl&{} éi@‘]sé %éggre)zz
i |1 ust rat esetanzas &mplicouy- ftaatel e of basic CFDI\/! OFDVA paraneters for a 1.25

MHz bandwi dth series with a 2 ns sub frane according to an enbodi nent of
t-he invent i[Qitﬂ7] Roshewamdligyre 44, tkhdWH(DI), FIGWe), @Rl RTGefodalahg eub-Bdmé he

TTE DL) , TT nd .RTG for 2 sub-frame_w th clic preflx
(2.5 o),y Amenosh Bupi rerif Py il uf s 8T My Ind 0 S e

durati on f(StmfﬂdiEy thd GTODL), TTG((UL) ancanﬂGR‘BahteQrongs® frafhe sndlrNdraEcyalid a Long
cyclic prefix e about 62.5, 60, and 2.5 ps respectively, and

so on. [O01PHfl ‘XPPQXJ‘?%‘S%%& ¥§1§§»|aé‘% L35 phrespesipAlne)d 0% e of basi c OFDM OFDVA
parameters for a ndw dth series with a 2.5 ns sub-franme for -

transm ssi &WﬁﬁhogDM»{QﬁPMA BRtepetersc akigwres tlﬁﬁﬁwys§1%saﬁ§n@RPWﬂF%f 20
MHz accor di Q&n@@r@&ﬁ%ﬁi&ﬁ%&?&ﬁcﬁ@ﬁab@ﬁs F@MI%”M %ref&@rth&é Ql@i?ﬁlﬁonsaaﬁldstﬁé’"‘“ in
Fi gure 23, the duration of the T L), RTG for a 2.

sub- frane \WQCHO@IIBPWQn@y@dméa&ﬂb’@ml%ni@h%el@s) nay be 25, 22.5, and 2 5 ps
respectlvel%l. Simlarly, the duration for the TTGIg TTGUL), and RTG for
a 2.5 ms su®LOp} Elrsérealrﬁdllblstmtmarb%mp&arw@h of pasis QEDMArpgrametershione 3.5 -

78. 125, 75. St Qcfes cHﬁmEleééaﬁﬁ}s'sMﬁlbgndvﬁMs $950%, 14, W2, oAb g8 HE Y Y.
systens 600 and operat e fferent Ti'xed sublarrier spa ing and
hence pr oviadt@rdjng foemmboéinwlnabﬁ the tnyengioopdhe FET siz¢ iV i hisscatshle fomeiiDodi nent s

of the inventjon.can offer_conpatjbilijt i, t ariou nication

syst ens. Fggggﬁ(:ﬁ'ﬁa}@ tolﬁli‘eg{ﬁé]%aq‘gﬂl SEries M%‘Qe" 8‘5&%%&% SBteihasi ¢
OFDM OFDVA ya@ AfRICEScdrBér spadindRud apdwodihy; Sty Bsudeafanmgl3. ¢ paasadssi on
bandwi dths 5, 7, 8.75, 10, 14, and 20 MHz) for 'a sub-carrier- spacing Af =
10. 9375 KHzer,le812A5slezx in I%tgu,te 25 tielmamplings frbquendies @m tep@di H8,0¥5.6f51:2, 10. 9375
" KHz corres S S n | EEE 802. 16 0122 ure 24
“illustrat egeg% e)c(l%%?i{rﬂf‘] Gf'd hlsefxa%Eleitge %¥\éclr\é§xl)e bs?a?ls#fgr

transmission bandwidth BW_ of 3.25, 7, 14, 28, 56, and 112 MHz are 281, 561, 201, 1121,

2241, 4481 and 8961 respectively.

[0110] Variable cyclic prefix durations plus a windowing time (e.g., T, + T, =
~2.97/10/16.72 ps) can be chosen based on the same Af ~12.5kHz condition. The variable

cyblic prefix durations are referred to as Short, Normal, and Long cyclic prefix

respectively, and can be used for small, fegular, and large cell site (Figure 1) deployment.
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bandwi dth series for a sub-carrier spacing Af = 10. 9375 which can not
divide all the RF bandw dths evenly, therefore it is not a good choice
according to enbodi nents of the invention. However, |EEE 802. 16e version of
Nbbi | e W MAX has chosen Af =10.9375 kHz for 5MHz and 10MHz channel

bandwi dt hs WeElPUrREht . For sonme backward conpati bi | it yPEGHSA0RE8EA] on, Af
=10. 9375 or Af =21.875kHz can be used for other channel bandw dths

depl t >or d to this
erbod nont s ShECREaIATIAE b8 Rl b OREONR SRRER B P BB, 5
2048. The &agpshoriglafgecandelong). (Riffgrent f8b-frantes §g.g.13hd2t, Regula? Lodg). d&xart]xﬂﬂs 4|, and
22.4 MHz) i | cul at channe

t ransmi S)SI I ﬁlb-;;ngéjﬂ o ‘%§1gf‘%’rsli?€‘id?q’\fgff‘§fm§scy@i&ﬂr%\to’h%at%ﬁ%?h ﬁg}% otegasl of

occupi ed subcarriers for annel transm ssion b hs of 5 7, 8,75, 10,
14, “and 20 O efe PPy CBHG seiteRN: Pl Ramplrgiy & espect eyt (s

Qxarr’pl €. %hor t(Fl%Xrelé),C AWIZ, he T, +I\P,,,5Nn%uraﬁ3/n (ovethc)erld%ffjog a 3% Il%}zq C%Xnnei ¢
transmission bandwidth may be about 2.96/10/16.875 us respectively.

[0111] As mentioned above, according to an embodiment of the invention, the TTG(DL),
TTG(UL), and RTG may vary based upon to the size of the sub-frame and the
corresponding cyclic prefixes. For example, as shown in Figure 15, the cyclic prefix
duration of the TTG(DL), TTG(UL) and RTG, for a Long sub-frame and a Short cyclic

~ prefix, may be about6.56, 6. 25 and 0.31 ps respectlvely Similarly, the cychc prefix
duration of the 'I"TG(DL) TTG(UL), and RTG, for the Long sub-frame and a Normal
cyclic prefix, may be about 60 ps, 59.68 s, and 0.31 ps respectively, and so on.

[0112] Figure 16 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
1.25 MHz bandwidth series showing additional optimized overhead (7; + T,y ) values
that may be used according to embodiments of the inventfon. For example, overhead
values for a 1.25 MHz channel transfnission bandwidth BW may Be about 2.5/9.3716.87

for a Short cyclic prefix, No_rmal cyclic prefix, and Long cyclic prefix respectively
(compared to 3.125/10/16.2;75 us in Figure 14), and so on.

[0113] Figure 17 illustrates an exemplary table of basic OFDMA parameters for a 3.5
bandwidth series showing additional overhead values that may be used according to
embodiments of the invention For example, T; + T,,,, durations that are similar to the

1.25 MHz bandwidth series explalned above (Figure 16), but are used for a 3.5 MHz

bandwidth series. .

[0114] Figures 18-23 are extensions of Figure 16 showing values for the TTG (DL),
TTG(UL) and_RTG for (0.5, 0.675, 1, 1.25, 2, and 2,5'sub-frames_ according to various

embodiments of the invention.

[0115] Figure 18 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
1.25 MHz bandwidth series with a 0.5 ms'sub—frame according to an embodiment of the

invention. As shown in Figure 18, the duration for the TTG(DL), TTG(UL), and RTG for
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prefix , and another Long cyclic prefix (CP2) durations of 2.857, 11.428,
17. 142, and 22.857 ps can be chosen for the 5 MHz bandw dth series. [0123]
Di fferent sub-franmes durations 7' Sub- franme can be designed based on
~different cyclic prefix durations such as Short, Long, and Nornmal cyclic
prefix dur dXQWA¥S2R8r exanpl e, sub-frame durations nmayPEBEUR08/8036t ame =
0.5, 0.675, 1, 1.5, 2, and 2.5, and the cyclic prefix duration for these

sub-frames be selected,fr he ,above cycl i refix.valLues, .For '
-exanpl e, Pgag}gamﬁ.séb' & G894 gﬁ%{ P& PrSﬁx (%‘%5”_ - aﬁt?&n??eis’t Pathemi 4%i on
bandwi dt h BpectiaelphSirhilazlye theqlupitien ifor thé T2GADID), FTGCED), bed REGeot £0.5ther eby
allowing 5 OFDMA synbol . per frane to be transmtted. The duration for
t he TTG( DLYub-Fag 190§ 2 hive Riic(BEiud® 19) may bo abguipHIed Wpoand 8-5t he si ze
of the subifpai®siyandsbbg corresponding cyclic prefixes. For exanple, as
shown in Fi gure'zg’, for the 5 Mz bandw dth series, the duration for the

TTG DL | pJg;)m i R i Pﬁy@@- MY o onrefix (2.857
‘ps')Gf n?ay?[)elai-ZEgS 1el laggpu%ria%islg%%y, ’t#eaﬁ) uré’??gr?@ or tPe @%ﬁgfsgﬁ} aI('TEB( u) ,-
for a 0.5 re2SsMbzi pandwidiineerigs Mot ©§H ing sph-Ehing a¢cbiingi® dnagdbodimagnt b€ 65. 71 -
’ d 1 3 4 i i . , | H
CRond Groun pra b e GBSy oM b 30 39, RSB A preipee ©

enbodi ment TAG(UBE andRAH foon.0.476 nishiub-fexermat @, Stohey8icTprefiz €. Nis)] mapbal abl e

- f 512 2048. A fi d bc i i val Af 12. 5kHz iml
theT 38 btk Bent 25 Sepsagy b oo o fuhin it rd TORALM IR Db A

[0125] The pe@TRY ki0%75 KRGS REhe 6Rd FLond ke fref , 729835 2816, and
25.6 MHz) is calculated for t he 5, %né:cgm?%&el)é(ﬂ%ﬁ %a?lygbeg)g mﬁ%sﬁgﬁ%el '

transm ssi &b ipaespestoely, B\Wsoespect i vel y as expl ai ned above. For this
exanpl e, the nunber of occupied subcarriers for channel transm ssion
bandwi dt h BWIG] Figure20 iBustiates 20 gxehaplary tedble26F bivkiiz OFDM/QOFDMYS parambttrs 1804, 1121,

= 'Long cyolis MTEF PRUWIEh Sy 1 sibyBrRcbitine o CRBpoditFaR 15HE of
2.5, 10, 1Syveatish. Xor pganfde) abehosnaa Figubo20, theakeatioh d61tké TTGEISNTIGS(WL),

bandﬁ dths ‘and RTG fof a 1 ms sub-frame with a Short cyclic prefix (2.5 ps), may be 10, 7.5, and 2.5
us respectivély. Similarly, the duration for the TTG(DL), TTG(UL), aﬁd RTG fbr a 0.675
ms sub-frame and a Long cyclic prefix (15 ps), may be 31.25, 28,75, and 2.5 us

respectively, and so on.

[0118] Figure 21 illustrates an exemplary table of Basic OFDM/OFDMA parameters for a
1.25 MHz Bandwidth— series with a 1.5 ms sub frame according to an embodiment of the
invention. For example, as shown in Figure 21, the TTG(DL), TTG(UL), and RTG for a

- 1.5 ms sub-frame with a Short cyclic prefix. (_2.5 us), may be 15, 12.5, and 2.5 ps
' respeétively. Similérly, the duration for the TTG(DL), TTG(UL), and RTG for a 1.5 ms
sub-frame and a‘ Long cyclic preﬁx (15 ps), may be 46.875, 44.375, and 2.5 Hs

respectively, and so on.

[0119] Figure 22 illustrates an exemplary table of basic OFDM/OFDMA parameters fora -
1.25 MHz bandwidth series with a 2 ms sub frame according to an embodiment of the
invent_ion. For example, as shown in Figuré 22, the duration of the TTG(DL), TTG(UL),
and RTG for a 2 ms sub-frame with a Short cyclic prefix (2.5 us}, may be 20, 17.5, and

2.5 ps respectively. Similarly, the duration for the TTG(DL), TTG(UL), and RTG for a 2
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[0126] Different sub-frames durations T,_ frame can be designed based on
different cyclic prefix durations such as Short, Long, and Normal cyclic
prefix durations. For exanple, TSubfrOre = 0.5, 0.675, 1, 1.5, 2, and 2.5,
and the cyclic prefix duration for these sub- frames nay be selected from
2.5, 10, 190 WpUWS28%ps cyclic prefix duration TG val ueBCT/BEpp08dResabl e, for. a
0.5 ns sub-frame duration at a channel transm ssion bandwidth of 5 Mz, a

cyclic prefix duration of 2.5 11S can el ected. nt j.one bove, the
Fraon T s B Lo ulibcrta oy Gant on oS e o

t he sub-fr aspecdtdy, tahéscor.r espondi ng cyclic prefixes. For exanple, as shown
in Figure 18, for the transm ssion bandwidth BWof 5 MHz, the duration for

the TTH gL]omm Rigése OB Jillustraxes an &emphBy ﬁb]lagf bMOED?ﬂaFISﬁm parﬁé(ﬁal:ﬂ)s Gorfy ef i X
(2.5 .1.9%) be .5 pns. Simlarly, t uration for the TTGDL) ,or _
Traculy | 1 SRt Eeecnigi et i 2Pyt R RISk 1 A Pe T B Ay be
120 ps, anghanRel Gbanshiddidd Ibafdvaithe BAOofi 20 UL alcBstdB 16 AN ehdaMndnd eneof basic
OFDM OFDVA parameters for a 5 MHz bandwi dth series with a subcarrier

spaci ng Af iysntiony FoE exsmplegs shewanin Eigyeri? rdhe dusttionted thenREGIDLINTTGRE)FFT si ze

NF i s scal I t :hgg]é Y-8 - , 1024) .
The sanpli %gﬁgﬁgnég Ses.ga. : SV&I{zl %S%n?%hﬁ%(l?ﬁ?ﬁ%?bié?éﬂ and 25.6 .
MHz) is caRdulsatsdctively. t $imilarly, Zhe uratbon o the L G(BLY, PIGI, aldaRTG&ffor a _
~transm ssign bandw dt hs BWrespectively as_expl ai ned above.. The nunber of
occupi ed -sgéd’ésr ?“i?" Fane; gy at%é%‘l‘fa?fﬁé’f kl_l?r%??r%ysl%ﬁ BRUEi ‘a10hS @dR-e 201,
281, 351, fAQkspefively,andsSGL respectively. A Short cyclic prefix , a Nornmal
cyclic prefix , a Long cyclic prefix, and another Long cyclic prefix (CP2)

dur at  ons  gf1y7) Afidub@Sly, LihZ86 sha 36 47 obébie A8 aBRrdlD b shRlkibe chosen

for these channel transm’ssion
spacing and hence provide different scalability properties. In this manner embodiments of
the invention can offer compatibility with various commﬁnication systems. For example,
Figures 24-26 illusfrate exemplary tables of basic OFDM/OFDMA parameters for a 5
MHz bandwidth series (channel transmission bandwidths __5, 7, 8.75, 10, 14, and 20 MHz)
for a sub-carrier spacing Af = 10.9375KHz, 12.5 KHz and 25 KHz. A sub-carrier

spacing of Af =10.9375 KHz cofresponds to that used in IEEE 802.16¢ (WiMAX).

[0122] Figure 24 illustrates an exemplary table of basic OFDMA parameters for a MHz
bandwidth s__erieé for a sub-carrier spacing Af =10.9375 which can not divide all the RF

bandwidths evenly, therefore it is not a good choice accordirig to embodiments of the

invention. However, IEEE 802.16e version of Mob_ile WiMAX has chosen Af =10.9375
kHz for SMHz and 10MHz channel bandwidths . deployment. For some backwﬁrd
compatibility consideration, Af =10.9375 or Af=21.875kHz can be used for other
chanﬁel bandwidths deployment for IEEE 802.16m version of ﬁlture WiMAX. Accbr_ding
to this embodiment of the invention, the FFT size N, is scalable from 512 to 2048. The
safnpling frequency (e.g., F; = 5.6, 11.2; 11;.2, 11.2,22.4, and 22.4 MHz) is calculated for .
the 5, 7, 8.75, 10, 14, and 20 MHz channel transmission bandwidths respectively as
explained above. - The. number of occupied -subcarriers for channel transmission
bandwidths of 5, 7, 8..75,' 10, 14, and 20 MHz maiy be 421, 589, 735, 841, 1177, 1681

respectivély in this example. A Short cyclic prefix , a Normal cyclic prefix, a Long cyclic
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[0128] Different sub-franes durations T sub_franme Can be designed based on
different cyclic prefix durations such as Short, Long, and Normal cyclic
prefix durations. For exanple, sub-frane durations nay be T sub_ frame -
0.5, 0.675, 1, 1.5, 2, and 2.5, and the cyclic prefix duration for these

- sub- franes“ﬂhymﬂ@ﬁswlected fromthe above cyclic prefi RCVERWOKBOILT
exanple, for a 0.5 ns sub-frane duration at 5 MHz bandwi dth, a Short cyclic

prefix of 2.5 ps e t Wi n S ol s per
frame to b@r %rxans%%ogﬁ i% %%Yﬁlgfprr%r}r(ewﬂ 81?% fgfo%'- Orl%g%zbé‘n%)
TTG(UL), andskIfs édﬁltgwheseﬁﬁ)rtlﬁwwwya:hmldsdmmn to the size of the
~sub-frames and the corresponding cyclic prefixes. For exanple, as shown.in
Fi gure 26, [$123] Bifthai 36d-frhhna &fRak 97, t;gn@w B desighePbd¥eon HifredidyRlié 0N for
t he TTG(DL) or TTG UL), for a 0.5 ns b-frame and a Short cyclic prefix
(2.5 ! As), prix dieatidads Such.at .Short idng| aid Nom{aheycﬂilurpaéﬂxodhr:itﬁihst Fer dxhfapld) , or
- TTg W), for a 0.5 me sub-franme and a %cyc ic prefix (t15 ps), may be 60
pis, and sdulframe GT?@‘_I’“SFF‘%}LP%TS@%MT Qrétq & b3, % prshe Praaingd Wﬁh‘%@eﬁh
- OFDM OFDVA 700 f creat tructur a.variable
cyclic pr efdgﬁf‘? i%rt FSRGUY g’*“é‘ﬁ%ﬁ‘ﬁ?’ hﬁg?lga?ﬂ#g?rﬁé l{%ﬁtc?"g‘r‘i.prﬁpﬁéwi}'éeisl 5 tasks
per f or ned leﬁarﬂ;ﬂél,nﬁﬁtal @m it §ub-frdn@s durpti OC &S5 FHEBdhalre:] Prahidnaissigrdbandwidilh t war e,
har dwar e, firmware, rTEut er-readabl e medi um havi ng _comput er execut abl e

i nstructi ond”s ‘bﬁh(ﬁb?ﬂch? yof ?1@57plﬁso@§§§ setesiedoberely almn&:gﬁﬁpi‘(ﬂpf@?ﬂﬁ her eof .

It should [ d C PR,
addi ti onal lgg (B%teg?r%\lgi{: ?ov%é{P gTﬁZlgfiérsﬁ %hv?nqu(lr}](ﬁgﬁgur eg‘ﬂg’;%nee’lg; not be
per f or med i(Righteel 2) Idmystamﬂaes;tdmpdm Ito tleensizet dﬂfethe spb-frames esd theycokrespondiag por at ed

into a nore conprehensi ve procedure or..preoe S hayi dd' t.i,onal

funct fonal TS o eBRBP S S B BBFEER TorbEY il Bt %ss B

the fol | owidogitide $arthe TTGDLS or ML, farrdO0. Srmysubeffaare dnd e$inEdytic prefik | oned

above in copnection th Fi gures ‘gq%, t@pgn var s enbodi nent s, portions of
f

process 27668%5;8)%% orttel Sim Hetien o tTJCrSPL%%TB@@léo@%o
€.g., trangeelyelsraidamr q%g%paégré%wmés\rn %%87@%0 d@ypshare sanme

OFDM OFDVA definitions and functionaliti es as alne ove I n the

cont ext of pi ‘
functi onal |[§1|%Z Iiﬂ%r%reeﬁzn%ltﬁ\l usrt{eagbg agfgﬁ{nfp;& E\% a% %Fpé?’?,) I g‘?? lleémlgtre(r)scfgg% 2700
may begin i Miiz h@dm@moww@mntmdlmm ofctheinyenttpnt iInthisievamipte, OFDM

dat a synbol transm ssi g el ,( 702 Net x, t he
cyclic preftﬁ&ﬁ:gglsézc?tor”T?bstcapP cfirs a cycrﬁggpr’%ffﬁ)&afr(g)%grpﬁpu?%g fllyeof

variabl e | exgtim sard i(GmilRF & ithee$.26 tRsEwidiD ddries) iRy CheChied fokahd % may: be
selected-froma plurality of cyclic prefixes avai rabl e for the RF channel.
For exanpl dandwiddirenigs. i n Fi gure 14, the RF channel may conprise a plurality
of variable length cyclic prefixes that range from 5-864' sanpl es. for

vari ous chdfnd] The amsphngsfrequenbﬁ(ﬁdgu df Fso.4,n2t8 a2 BRI THanve hnd I06 314z )As shown
in Figure 14, for a 1.25 channel transm ssion bandwi dth BW, a_ set of

vari abl e | ¢algulgtedyfer the 5p?ae3 7% 180oHpend 88 MHsirbprnc! gangsrisvion banéwidin BHg cyclic
prefix | en%ﬂ)e&@@@ aﬂs%iéﬂginéd bb0. ?d}%ngkaﬁ%ﬁﬁ%P%b&ﬁédymb&pﬁé?f ﬁy(:l ic

prefi xes may be tal n the set of’ cyclic prefi'xes for eac
ot her chanrebhnne} ‘ammlﬁmntbnn@W@Wcﬂfénheﬂ ) 10,7k awslhpIFE, isst03haflt 7@l cl i ¢

o B S TR L S ol L

Long cyclic prefix, and another Long cyclic prefix (CP2) durations of 2.5, 10, 15, and 20

ps can be chosen for these channel transmission bandwidths.

[0126] leferent sub-frames durations T

Sub— frame

can be designed based on'different'cyclic

prefix durations such as Short, Long, and Normal cyélic prefix durations. For example,

Tsu-pame = 0.5, 0.675, 1, 1.5, 2, and 2.5, and the cyclic prefix duration for these sub-
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and 40 MHz respectlvely, and so-on. For these channel transnission

bandw dths, the cyclic prefix duration of 3.125 us can then be cal cul at ed
as explalned above in the context of discussion of Figure 14. [0132]
Process 2700 then adds the selected cyclic prefix into each of the tine
domai n OFDMOOPDMIR2428t a synbols to obtain a plurality oPCUFEXWHM8AGES (task
2706) using the add cyclic prefix nmodule 710. The sel ected cyclic prefix

.Sﬁ¥-at’?o'n” B e 5 e P T dmo g W RSBty PR g e PR
channel * sueh,rase tihie, 6. mseus hame %b:a?&xfl?t(at@ﬁllﬁle?tz&@n%ssfoﬂ baﬁuvadt%@@%rz process

2700 adds the OFDM frames to a vari able size su rame prior

. transnmitti agytliepreiDihfatiomes2.6rustdas befselacted. . A@Oli@ﬁpnedcabovajnhngTTG(DL)
enbodi ment ion,.these vari abl e t.h c refl can be
used for ssmﬁ(uwgﬁé Rig% 3#‘8& VR i‘{pgn}f%?&lﬁ?n% %‘f%ﬂ ntg%l above
t oI i mprove ca?emﬁw&}tgmeﬁé pr:eﬁea;cyFo(r bkatn]é;ﬁz)as chovithid Eiy&t @8) foll:tlfetti‘mmfmﬁlen o
selecting differ c pre xes f.or DN% f S in._a sub-frame
for a base®8 Jé‘f tgné’glq¥§\l\é‘ﬁ"fz Ptf‘?rrfbgﬁ_%g)e‘ﬁt ‘%@E&v fgt 2 B30 WPat i on |
cells -and gghle &Q\éeSlﬁﬁlecy%[@%?eﬁxT(b%r BHYma 8 WALk SidBRHPYIE AlirafBY d28he
sinplified and made nore flexible by elimnating the need for the entire

net wor k t o T&K(BE]} ot REGAdneforpdl i ws prtefrime snd ehangityshs pufix ( heusi heebent
reqU|renenhg on ch base station for its cell coverage area. [0134] Wiile
various e %Pﬁﬁﬂ LU the invention have been described above, it shoul d

b der st h b | | d not
by iy of MO Bites A0 pof e am EXhuliy BB at QBKAOF RIS MRttt 2ol <
archi t ect usalMB# ihbeidic eeidsguitatd eibch®ier tshpindl 910Kz wbbrdingi ® gone to

aid in understanding the features and functionality that can be included in
t he di scl osmbedin®hicofdhessiovension.eThesFiosizer sirris stadable lpomn BES ol 1034 (e-at 258, exanpl e

hi b b | d f
21 or nat i v TR S0l G 08e e s %E.f@ﬁge'nc e Pordiy 2t Thddgn e
di scl osure 5k ‘3&?%? 69@9213 Souidle cfie ?Jr”i‘ﬁe 7375048 Xl % Ml ArRpdigent s and

i npl enent atT ohs e un rstoo “that "t he’ vdarious fures and
funct.i onal |trtaysmiw®r bdmddndt}us Bﬂeresmcmmi)easoéxptahedlabdve\/l’Hwariunﬁnboﬂoafmm:& are

not limted jn th Lica ity to th rti mhlch
(hey are qautshmisicior REF R kanshlssioR it Bl Lantpeloll RIPOH, B sqhahd
- conbi nat i orsol hﬁp@ﬂeelsbl’Arﬂhbﬂ cdlictphefixqtalMurmelndyolid prefik sa Déngtdyelldprsﬁ)k @adr e,
“whet her or uch od| ts are des% ri bed, and whethe not ‘such
f eat ur es araeo £t ﬁtcé CePge Prydupatipgs of oo Lrgdd 23 H‘éd@ﬁ%cb'aa%éﬁ? 85Thus the

breadt h a”%s%&x@?@ch%ﬁentfbﬁthpsre‘%ﬁﬁﬂﬁlt%&ﬁis%x%ﬁd%ﬂﬁhg d not be limted by any of
t he above-described exenpl ary enbodi ments.. [0135] In this document, the

term " modul 128?11?)1@&%& gk Tk ddr Io%%%" to Soaﬁ‘é’é"ﬁ&igtnﬁ& BéE‘é@BEdlf{}%ég and

any conblna ese e enen ofbﬁ@Tfornln e assocla nctlons
descri bed Rl fratBldbichoRAN, LAY aRHKBRRE cHlicPrbigEhRhs. FBCcRApIOUS
modul es are described as di screte nodul es: however, as woul d be apparent to
one of or disnbdfipms Kiationsmayhiee Byt 4.t 70.500. 67ﬁ;r1e1 ﬁrmjathSrmyl threcychmmeﬁled to
forma single nodule that perforns the associ ated. functions accordlng
enbodi nent glugtion tﬁe thesp sh-fiames oy depelpdied fipm thoahavesyclictpefi walnes. "Rosnput er
program pr Q:Qlﬁﬁg? for Q%@ME §ib- ﬁ&ﬁﬁﬂ&%&ox{@@ Wiz bafaiddd éﬁ&ﬁgycﬂ@}éreﬁﬁ ofsed
generally to refer medi a suc menory storage device st orage
unit. Thesé.s amdambheclecﬁad ferebfy atlowpngt Hr OFBM!@BDMAmymhqls wery friwee itmbol ved i n

storlng on e instructions for.use se. t he

" processor 58mﬁ3?$%FH¥§S@HFfﬁbﬁHWB%?h@f§ﬁ§q¥§ﬁégﬁﬁﬁgﬁih ?3%5(%&@ﬁ@95||y

- referred tanéSvarebatBdlufin tlart@egsﬁmmaalb feadds GAd ﬂﬁ%oﬂ@sp@ﬁdﬂﬂ%@ﬂ:hb prdfixes. f or m of
conput er progranms or other . groupi , when executed, enable the conputing

n
system [ OFS7PXamPpieyas fhoye ip gﬁuec%éa?% el rqnsmission bprdpidihop §MEZ » Pie above
descri pti onjuhaidn 4956¢ TR EBTBOHTGRI SRR 01@s bubiRithd av\sﬁdat &RfiepRnge to
di fferent functional units and proceéssors. However, it w || De apparent
that any suitable distribution of functionality bet ween dlfferent
functional units, processors or domains may be used wi thout detracting from
the invention. For exanple, functionality illustrated to be perforned by
separate processors or controllers may-3Ge perfornmed by the same processor
or controller. Hence, references to specific functional units are only to
be seen as references to suitable neans for providing the described

-functionality, rather than indicative of a strict |ogical or physical

- structure or organization.




[0138] Terns and phrases used in this docunent, and variations thereof,

unl ess otherw se expressly stated, should be construed as open ended as
opposed to limting. As exanples of the foregoing: the term"including"
shoul d be read as neaning "including, without limtation" or the like; the
term " exanmW®@2009/852428ed t o provi de exenpl ary instances BET/UBRY04/a803¢1i n

di scussi on, not an exhaustive or limti ng I i st thereof; and adjectives such

"conven it o Lﬁl?_ﬁlﬁ terms

of simlar t(i 92§ glay ok E%gl é %g@aﬁlé %‘ggé g‘é i Hj TTﬁ@W@% ggscr'i bed

to a gi Vennislsﬁb-ﬁﬁﬁnélaﬂdjaLGﬂigcybﬁcﬁ‘Bﬂk(ISmsﬁWy%aléb@sa@d@é o,a given time. But .
instead these terns should be read to enconpass conventional, traditional,

normal , or [GReNHRELR 1RalESdQTs elswt:mt sHERingdEh BFBM/BIFDMA Qe MY foPr at
anytlmslnthef%gture Li kew se, Igrou of itens_linked with the
€

conj unct i offfealRE @ Tame Sirectis tWithea Y%&H £3chiepfaiix pergrdingto wnhodimgats &bty one
of those i iREBLIHE MhESARbus AskshSerBiAP N SondRbion Rithahess NRUeEsel nd: fyﬁﬁéj as
“and/or" unless expressly stated otherwise. Simlarly, a group of itens

| i nked wi t ReHeraned oby ueEwitsn haglware hEumwerpoe prmpuicideasisble emadipinn yaving ual

excl usi vi tﬁorﬁﬁ&&@ex@&lﬁ&bl@fn@ﬁ'ﬁbﬂo@fm 'b@lit'cr}ﬁﬁngstlﬂg’ﬂ}o%s@ln?é?ho%e I ﬁ?dcoﬂ'ﬁ)maﬁ&g/ or”

~unl ess expressly stated otherw se. Furthernore, althoug ﬂ enents or

conponent s thsteof.hl showé b@élmr@lmhw@r@t@@c'ﬁoﬁmyomlwﬂeainmdmbﬂ of héditiomabyul ar,

t he pl ural te he..s th nlesl mtatlon

to the si n&t%g%g%s‘%g%gﬁ C?P Qa&%a}i%‘%’h JFFJieg erseggﬁgeéi of rgerlflenl g % ds and

phr ases sudlustigted order,candrtbese prodbms Ingstte; ihcﬁrbomtedontol d motee corhmréhensive ot her

| i ke phras s al Q t t.he_narrower

case is i n? §Octl:::idl‘é‘§ 8%?08&3%% adé?%ns ﬁmgﬁona g%gsﬁgh V‘O%E]aéhﬁ‘%%n pﬁ?’és es may

be absent . ihB3&&dk pAnlpbses ala fdllpwingedascryption cn"tlhecresss pT00agey réfer wetlbmess

conmuni cation,.co nen n..enbodi ne of the.invention.

It will be n}fﬁB?régp §?Vedmtqﬁ’3’i’ecx?‘b?m§rp§$¥¥v’d% r Po¥amous ffﬁg ‘@BER}% RYELs Pt i on

Pas descr: lpmieﬂrrbmdldmieﬂt e Oferfolified My edifferht \Mdlﬂbnfsegﬂrs?ﬂ&ﬁs temocmtr)]feg ent

- functional units an rocessors. it wil e apparent that an
SPBF ko ht y

suitabl e di'"@ECPEER | ofTOFGHEY i o Mile eRFoess £ 2108n M3y, ibate o S4TE uni t s,

pr ocessi Ng CRIIO RN AEISohs AREIRSoRRYicd8s USFHinvd BVt indiler @tckn s f r om
the invention. For exanple, functionali t% illustrated to be performed b

y
separate preREsshng Hswfere dhessednfinitions apdrhe Shacsipralitipn rengotoradprsianid by t he
same procesghifmigded RQig. €l-ement, or controller. Hence, references to specific
functional units are only to be seen as references to suitable means for

provi di ng [Bofescéss 900 idp GbdiR i thy OFDR/DEDMA @Bndnli@irCAl irdRivifg @nstri ct
| ogi cal or phy5| cal structure or organi zation. [0140] Further rmre al t hough

i ndi vi dual I9gmPMQEAM datayssupbels foy tragsmrgsigason &1 Rishanseloitask@7dd Netepthe may be
i npl ement edy Qﬁé préffl seR( AL seléktsS ARLE Pl‘b@i'xtfro% aBBfPaﬁﬁ?§ Wia dlglg%rféclle‘#}?ﬁgnt

Addi ti onal | y, -al though 1 ndi vi du 2} features ray be i'ncl ude er ent
clai ns, t hesdixpniashdded)bThe bleclladwefxxtra@elmssleyted;@nm a@uraliffid ciyeliclpoefixen i n

different olaiadR MORS ROhahil! Pssgah}pgeéﬁfglﬂg AahIF RO 14 T EERE B PRt

f easi bl e and/ or vant ageous. usi o ure I'n
cat egory ofcombasermpldmhs' ofotariabiplepgth dychin prafixesnhdt oarighifeont 5864 samyplesdfot r at her

appropr at SO SeEE Rl AR BRIt e '?: F]sc?ii?ﬁfe:pefs A
An OFDM n
fpequencflo ] %‘% 191 %‘y %ﬁg]rlgioﬁp H?SR%}%hmqlgraggﬁ%?qnlst %dél? %lwf’a?

bandW‘ dt hs ,setadfd'anable length cyclic prefix comprises a Short, a Normal and a Long cyclic prefix

length comprising 5, 16, and 27 samples respectively. These cycllc prefixes may be scaled
to obtain the set of cyclic prefixes for each of the other channel transmission BW (RF
chahnels). For example, a short cyclic prefix (e.g., 5 samples) can be scaled to obtain a

10, 20, 40 and 80 sarhples for the channel transmission bandwidths BW bf 2.5, 5, 10, 20,
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a transmtter for providing a plurality of OFDM subcarriets, wherein the
OFDM subcarriers conprise a fixed subcarrier spacing chosen such that the
OFDM subcarriers are scalable in nunber to utilize any of the RF channels. -
2. The OFDM communi cation systemof claim 1, wherein the fixed subcarrier
spaci ng t hAYO 24%058#20i de the al | ocated bandwi dth evenl y PEHUBIOREA6L O '
optim ze bandw dth efficiency. 3. The OFDM conmuni cation system of

claim1, ahn £ rier nel
actor of "SEbT0 R ebickihyy e 86 b rtARSE Mbh eSS Wit n A
ef fi ci ency cyclic prefix dirratibhef GFRf/s canrthieri Maloulatcﬂwsbmméd aboaé im the conext ei n t he
fi xed subcarri er Slgﬂ@ ﬁ‘%f’ﬁ rrpri ses one of the group consisting of about

[

10kHz, 12. §ffispussio ple of 101cHz or 12.5k1-1z, such as 20kHz, and
25 KHz

) ati.on s m, of cla relnthe
e ubc VL PRessa G T Tche e eSS b ssorchuinte it 5" rhe
OFDM commmmmm%ﬁ@ﬁﬁom@dmﬂapmmﬁ MUF]DM fedmidYl(aMMoB) Gfd gh system
is an OFDVA communi cation s An _OFDM comuni cat i on S stem

conpri si ng 2d¢ pYcareitympgule éb‘? o The selestadcqyclipretix mayrhel i the frsmenfiligi

channel s C@ﬁ!ﬁﬁlh§@f tHd ScttedpdnangReOBWrelNGuratione PrEN 2500 H4 Ius‘eattfaﬁﬁm%sytﬁ& em
conpri si ng: atransmtter for providing pl urali

subcarrier @FQMefF@eﬁ opf{be @d[ﬂw@l}%é\d?}i Brthe é%?h@éeldlﬁ(i@élﬁ)éMCdn thigr
spacing c h‘?@a%ﬂer? %ﬁﬂe& h&dopt zﬂﬁf Cffnfels €6 Sa FhrfabRe QE@Q%l?Frhrﬂe Bb%'gp?

utilize any of e RF channe a processor rable to
provi de a ftlagsnifing th%@i“lal\/&frmogtthe{fbmb conprising a plurality of variable

| ength cyclic prefixes operable for the RF channel s.
: [0133] According to embodiments of the invention, these variable length cyclic preﬁxes

“can be used for small, regular, and large cell site deployment as explained above to
irhprove bandwidth efficiency (bit/Hz) of the system. Furthermore, selecting _'different
cyclic prefixes for OFDM/OFDMA symbols in a sub-frame for a base station allows for
supporting different types of base station cells and cell coverage areas. Thereby, network
_deployment may be simplified ‘and made more flexible by eliminating the need for the
entire network to select the same cyclic prefixes regardless of the different requirements

on each base station for its cell coverage area.

- [0134] While various embodiments of the invention have been described above, it should -
be understood fhét they have been presented by Way of examp_'le only, énd not by way of
limitation. Likewise, the various diagrams may depict an example architectural of other
configuration for the disclosure, which is done to aid in understanding the features and
functionality that can be included in the disclosure. The disclosure is not restricted to the
illustrated example architectures or conﬁguratioﬂs, but can be implemented using a variéty
of alternative architectures and configurations. Additionally, although the disclosure is
described above in terms of various exemplary embodiments and implementations, it
éhould be undersfoo_d that the various features and _functionality. described in one or more
of the individual embodiments are ot limited in their applicability to the particular

~embodiment with which they are described. They instead can, be applied, alone or in
some combination, to ohe or more of the other embodiments of the discloéure, whether or

not such embodiments are described, and whether or not such features are presented as
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VO 2009/ 052420PCT/ US2008/ 080361 8. The OFDM comuni cati on 'syst em of
claim7, wherein the variable length cyclic prefixes conprise a set of

predefined cyclic prefix durations for each RF channel. 9. The OFDM
comuni cation systemof claim8, wherein the sane set of cyclic prefix
durations MO WIEH24Y nultiple or all RF channels. PCT/UBR008TU38360OF DIV

comuni cation systemof claim7, wherein each of .the variable |length cyclic

m . tem ¢ ot f 1 h | s. 11.Th
DTS SR, el AR P LR ey 11

OFDM communi cat system o resin of
OFDM f r anediselasire shomjsk riog bermisedebyodny tofi theaho veades@ibed axgniplary embadipess.i xes, and
one of a plurality of data synbols. 12. The OFDM conmuni cati on

syst em of ¢0135jrinlthjs dogurnérey the tamprinsidnlyg” as pded ateirt, yefak tv sofivednd, dirmivae, :
sub-frames,each conprising.a.subset of the OFDM franes. . 13. The OFDM
communi cat’ ihgrﬁwg?s?rérg)ng‘ngfco %gﬁaﬂ?’l%stg?sﬁ reIeﬂéechfSﬁﬁ%%ogP‘Hg%ée #5PQFFaLFS HPCHOPS ¢ i ng
gaps associdadceiledvhtrbinat Addahalbneoobuipbe vhdisalksions theevaishs fnﬁ%lﬂ&&ard\hel’ ]gei n
the timng ga re,.cal cul at ed based, at st in part, Qqn urati.on of at
| east one 8?“?%‘?5&%41?%%? Bioﬁ'élﬁﬁthﬁwﬁv&l *}Scwob’h‘g% %ﬁ’ér.enpto one of § .‘n%él“’d]’—TDM
conmmuni cat i@ ars 186 61Mnbre neddaled kg be Wb@biabditc 8 b isMgRANGRRShAPRMES the

rotection for, timng variat.ions, at sign reception.
P d %ncgons accorcsl ; tsg ofat{'le b

associate ng embodimen invention.

[0136] In this document, the terms “computer program product”, “computer-readable
medium”, and the like, may be used generally to refer to media such as, memory storage
devices, or storage unit. These, and other forms of computer-readable media, may be
involved in storing one or more instructions for use by processor to cause the processor to
perform specified operations. Such instructions, generally referred to as “computer
program code” (which may be grouped in the form of computer programs or other

groupings), when execﬁted, enable the computing system.

[0137] It will be app}eciated that, for clarity purposes, the above description has described
embodiments of the invention with reference to different functional units and processors.
However, it will be apparent that any suitable distribution of functionality between
different functi_oné] units, processors or domains may be used without detracting from the
invention. For example, functionality illustrated to be performed by sepérate Processors or
controllers' may be performed by the same- proceésor or controller. Hence, references to
specific functional units are only to be seen as references to suitable means for providing
the described functionality, rather than indicative of a strict logical or physical structure or

organization.

[0138] Terms and phrases used in this document, and .vériations thereof, unless otherwise
expressly stated, should be construed as open ended as opposed to _limiting. As examples
of the foregoing: the term “including” should be read as meaning “including, without
limitation” or the like; the term “example” is used to provide exemplary instances of the
~ item in-discussion, not an exhaustive or limiting list thereof, and adjectives-such as
.“conventional,” “traditionai',” “normal,” “standard,” “known”, and terms of similar

meaning, should not be construed as limiting the item described to a given time period, or
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15. The OFDM communi cati on sys't em of claim 14, wherein the tim ngf gap is

pl aced at the end of a downlink sub-frane. . 16. The OFDM :
communi cation systemof claim 14, wherein the timing gap is placed at the
begi nni ng of an uplink sub-frane. 17. The OFDM conmuni cation system

of clains WO28MN51B9 wherein the transmit-transition ge@ryRFEsEsl a frame
i's consisted of the timng gap fromdownlink sub-frame (TTG DL) plus the'
timng gap, fromupli sub-frane (TTG o 18. Th _ -
communi cat oA 4% %Vr?lﬂgl?le & O h E‘Ze‘g;—‘ﬂ’ret Eh;‘t et s s 6ﬁﬂ&§ﬂ‘\’ﬂtr§adof°

vari abl e r asiomphgsasanvestivhalgUuraditionsls noffall oA NgdNd&8i Rehriolvgitd OhatoRery Obe t he RF
channel s, wherein the variable radjio, franme I(zi?(nf_j gurations conprise a subset

‘of the var PAPRleSOWN QY. 91738 ARstime in the f“t‘TQ: REISBROAPERAHHEHS dakgdorths y st em
of clai m 7 thevddafugétibnt ABA"S Souldl ndk o6 lrédd a{%rr’e“%dﬁﬁ%ﬂﬁﬁ&dcﬁ%ﬁd &y chosemoased at
| east in part on a condition of each of the channel s. 20. A
conmuni cat 18RS 85 BEestAt & Sraraping, but rather shouldebesteadyav “49dioe” walessieapressiippor t i ng
variabl e cyglel & HRREd. Xs1%3ﬁ§,'a0g}§up RER! IRKED Gk A &ijuﬁctﬁ}\lﬁ*okc hBHIE b

. durations are chosen based on a cell coverage area of the at T'east "one base
station; aheread as requiring owtrboclusyiiy beofgthatgronp, Hutmather shbwst plsd be readlan f r ane

structure ubidd 2! Betat BhLe obbafey flferRb! bitholl AbONSemifiebei 0 the
flexible radio frame structure 1s used by the at’ ['east one’basSe station for
transmtti ngmplaests o tiel dsddésyret mayaberdérctigedsératlaimad in the singular, the plural is

contemplated to be within the scope thereof unless limitation to the singular is explicitly

stated. The presence of broadening words and phrases such as “one or more,” “at least,”

“but not limited to”, or other like phrases in'some instances shall not be read to mean that.

the narrower case is intended or required in instances where such broadening phrases may

be absent.

- [0139] Additionally, memory or other storage, as well as communication compohénts,

| ‘may be employed in embodimeﬁts of the invention. Tt will _be.'appreciated that, for clarity
purposes, the above _descriptioh has described embodiments of the invention with
reference to different functional units and processérs. However, it will be apparent that
any suitable distribution of functionality between different functional units, processing )
_logic elements or domains may be used without detracting from the invention. For

- example, functionality illustrated to be performed by separate processing logic elements,
or controllers, may be performed by fhé same processing logic element, or controller.
Hence, references to specific functional units are only to be seen as references to suitable
means for providing the described functionality, rather than indicative of é. strict logical or

physical structure or organization.

[0140] Furthermore, although individually listed, a plurality of rrieans,'elemgnts or method
steps may be implemented by, for example, a singi'e unit or processing Iogic element. -
Additionally, although individual features may be included in different claims, these méy
~ possibly be advantageously combiﬂed. The inclusion in different claims does not imply
that a combination of featurés is not feasible and/or advantageous. Also, the inclusion of a .
" feature in one category of claims does not imply a limitation .to this categbry, but rather the

feature may be equally applicable to other claim Caiegories, as appropriate.
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- of claim?2

21. The communi cation system of claim20, wherein the variabl e cyclic

prefix durations are chosen based on a fixed subcarrier spacing.: 22.
The conmuni cation system of claim 21, wherein the fixed subcarrier spacing
conprises 12.5 KHz . ~ 23. The comuni cation system of claim 22,

wherei n t havoyz09/¢32428 cyclic prefix durations, plus a tPai/HsROME/IS0RS,

conpri se one of the group consisting of: about 3.125 is, 10 ps, and .16.875

ps for an Hﬁﬁ dth seri es. 24. The conmuni cation system
ereln € variable cyclic prefix durations, plus a timng

Wi ndow, conprlse .one of the group consisting of: about 3. 281 ps, 10 ps, and

16.178 ps for aln ngSOEHbIbamdmmdﬂhn&sknawnmnmng 25. The communi cation

system of cl ai he var I d rat ons lus a
Ciming window & fr‘%arl‘?@%f b bt %Cﬁm’é‘éﬁﬂﬁ r?HSI‘ RF e ¥, 9. 375
ps, and 16d8§ﬁn@mb&quHmnmm.25 MHz and a nx3.25 Mz bandmndths serles

26. The communi cation _system of ¢ in the v i abl e

prefix durationd m??rsfér BioXidine %ﬁ@%%?ﬁp%%?‘@?‘?ﬁ&s nerelp dha 8}58& ps, 10_
Hs, 15 ps, sabeehridfl qdsnpried a dixed Mrbtabieh shydcitp the®Rh ise@éh thal¥Be OFDM subcarriers

2009/ 052420PCT/ U$S2008/ 080361, e conmuni cation systemof claim.
21, wherei ﬁretsﬁ@lﬁ? hog l?"e?'“yé’ﬁg{?lgfg‘l@%'ﬁ%‘rl ses about 10.9375 KHz .-

28. The comruni cati on system of claim 27, wherein the variable cyclic

prefix durationg, corrnrejcsm)mrwmuntcamgsry@tux? o QK stdvmet;ﬁfth; @Jg@ﬁﬁbcarr@ﬁ? ps,
-11. 42 17.142 or a.,5 MHz ban th serjes :
8 p.s spac17ng that clartl %11v1<?e tﬂe aﬁocated b)anc}wgth evenly i is chosen to OpthI\IIIIIZC bandwidth

efficiency.

3. The OFDM cOmmuniéation system of claim 1, wherein the fixed subcarrier -
spacing that can divide a channel raster of 200KHz or 250KHz evenly is chosen to

optimize bandwidth efficiency:

' 4. The OFDM communication system of claim 1, wherein the fixed subcarrier
spacing comprises one of the group consisting of about 10kHz, 12.5 KHz, and multiple of
10kHz or 12.5kHz, such as;20kHz, and 25 KHz. :

5. The OFDM communication system of claim 1, wherein the fixed subcamer'
spacing comprises 10.9375kHz or 21.875kHz.

6. The OFDM communication system of cléim 1, wherein the OFDM

communication system is an OFDMA communication system.

7. ~ An OFDM comrhunication system comprising a plurality of radio
frequency (RF) channels, wherein the RF channels comprise dissimilar bandwidths, the
OFDM communication system comprising:

a transmltter for prov1d1ng a plurahty of OFDM subcarriers, wherein the OFDM.

~ subcarriers comprise a fixed subcarrler spacing chosen such that the OFDM subcarriers
are scalable in-number to utilize any of the RF channels; and | '

a processor module operable to provide a flexible radio frame structure comprising

a plurality of variable length cyclic prefixes operable for the RF channels.
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29. The conmuni cation systemof claim 21, wherein the fixed subcarrier
spaci ng conprises about 25 KHz . . 30. The conmmuni cati on system of
claim 29, wherein the variable cyclic prefix durations conprise one of the
group .consi sting of: about 2.5 las, 10 Rs, 15 ps, and 20 for a 5 KHz :
bandw dt h vy 3089052420 31. The conmuni cati on syst em BET/U$2008M8¢8] wher ei n
a first cyclic prefix duration for.a first base station differs froma

second cyclic pgefi ion for.a.second e station. . 32., The
comuni cat i on s%’st e)r;n%;ﬁ c Iglli ‘%1 58, 5 a}%‘if‘r e ftﬁmtcft%gfaf"f’zk ?’Vﬁb‘f’rgmrtg?il"%‘apﬁ{?&gﬂl |
structure cyniomprefixes contpisers sat atipreddfimadreyclic prefix dudBonsTheeackh RFGhingalt i on

system of claim 20, wherein the flexible radio frane structure conprises

sub-frames whi ch corgl.i - rat.l optiaqns ,based on the variable
cyclic prefix dg'r at irm{gr?s.éﬁDWPO%%g&t%g9%%mr?li)aé%%6}¥1}w§% niBr %t § m 33,
wher ei n t heydiglprdfixaiweatidoy iatisedrbyoptliigeasr dloRipchaaselone of the group consisting

of: about 0.5 ms, 0.675 ns, 1 nms, 1.25 ns, 1.5 nms, 2 ns, and 2.,5dm3.
35. The conmuni ¢at i ) rein t.he.subs;franme ration
£ the%?ﬁosl\?rpa%uﬁlc%t%cg?r sg'glem\g? glalm ?,hwl'ée)r%n gqﬁt:)ogglg é’ rl%) e a

options allow a system educe 1 erence w _ _
plurality ¢hgihrcstprefives eadardysamically selec38 for Bleh afolRiNtlgaahélan syst em of

claim 35, wherein the industry standards conprise one of the group

consisting of: Thir i LD Proj,ect AL Term Evol uti on
(3GPP LTE?, Thi %fc] Ggrnhceére g’? P‘(’% cgar %&%@ﬁ% T O] Jg(}{l%% Gr &?’gheﬁ/bcﬁmpgsﬁg oadband
- (3Gpp2 UNVBplurdtityref OF DMsfrmes Spcictongmising oo dithBivatiabledangdthi b dlip pesfides ands

~( TDSCDWR) og@gfa\/&&rgfi&%%détgg&rﬂg) Sgrabi lity for Mcrowave Access (W MAX).

12.  The OFDM communication system of claim 11, further comprisiné a

plurality of variable size sub-frames each comprising a subset of the OFDM frames.

13.  The OFDM communication system of claim 12, further comprising a
blurality of timing gaps associated with at least one of the variable size sub-frames,
- wherein the timing gaps are calculated based, at least in part, on a duration of at least one

of the variable 1ength cyclic prefixes.

14.  The OFDM communication system of claim 13, wherein the timing gaps.

provide protection for timing variations at signal reception.

15.  The OFDM communication system of claim 14, wherein the timing gap is

' placed at the end of a downlink sub-frame.

16.  The OFDM communication system of claim 14, wherein the timing gap is

placed at the beginning of an uplink sub-frame.

17. The OFDM communication system of claims 15 and 16, wherein the.
transmit-transition gap (TTG) of a frame is consisted of the timing gap from downlink

sub-frame (TTG-DL) plus the‘ timing gap from uplink sub-frame (TTG-UL).

18.  The OFDM communication:sy'stem of claim 12, further c'omprising a

plurality of variable radio frame configurations for transmission through one of the RF
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37. The conmmuni cation system of claim 33, wherein the sub-franes conprise a

plurality of sub-frane sizes. 38. The conmmuni cati on system of clai'm
37, wherein the variable cycli c prefix durations are selected for each of
the sub-frame sizes. - 39. The comuni cation system of clai m 33,

wher ei n t h&Vh208¥e3488r nodul e is further operable to caP@UU&@@S/@O%Ilur ality
of timng gaps associated with at |east one of the sub-franes, wherein the

timng gap%hﬁ{n@lscWh@t‘éir@?lﬁdvi}ﬁﬁﬁdmﬁf& Raht c%Hﬁ%t?ﬁ ohé'ld oﬂlﬁ} geggy LE & rtﬁ%' X

dur ati ons. . The comuni cation syste erern
timng gapsyamhﬁﬁlies@btfme@f t he group consisting of a transmission timng
gap for an uplink TTGUL), a transm ssion timng gap for a downl i nk upI i nk

TTGDL), and a y§ansid oFPRE Lo BmbiiliRd sgaan%'ﬂ;@_m 7, whereid ilhe ﬁPOPE

radio frame structure for comrunication in an channel ess

net wor k, t Peefixadiratiqns sane chesen dwsadeatclossprin pangon a conditien pf tea@ﬂ oit ;heoRF OFDM
synbol s ea(égalﬁlggprl sing a variable cyclic prefix duration and an at | east
one OFDM data. synbol ; ~a plurality of variable size sub-franmes forned
froma subset of the OFDM synbols; ~a plurality of radio frames for

- transmitting a 2%bs eft comnunisatioursystii cowprsng ub- f r ames t hr ough the RF

el o2 oy Pilead b 58 ddibn Ukl (LHR0 S, ARSGEHAUTA Mol Datils 68 ©

franmes for providing a protec vari Bt iTons

reception, vahdﬂ@cyttht beﬁkldmanglsgwqaehownebamllmw @l edvdiaeataall theed shstione part™ on
t he varlabl reflx durati on. - 42. The OFDM OFDVA radio frame
structure o ﬁY further conprising a sub-frame-structure for the

vari abl e size sabaréaemmadolwpfo'r $providing a flexible radio frame structure utilizing the

variable size cyclic prefix durations, wherein the flexible radio frame structure is used by

the at least one base station for transmitting data wirelessly to a mobile station.

21.  The commumcatlon system of claim 20, whereln the variable cycllc prefix

durations are chosen based on a fixed subcarrier spacing.

22. The communication system of claim 21, wherein the fixed subcarrier

spacing comprises 12.5 KHz .

23.  The communication system of claim 22, wherein the variable cyclic prefix
durations, plus a timing window, comprise one of the group consisting of: about 3.125 ps,

10 pis, and 16.875 ps for a nx1.25 MFHz bandwidth series.

24.  The communication system of claim 22 wherein the variable cyclic prefix
durations, plus a timing wmdow compnse one of the group cons1st1ng of: about 3.281 ps,

10 ps, and 16. 178 ps for a nx3.5 MHz bandwxdth series.

25. The commuhication system of claim 22, wherein the variable cyclic' prefix
duratlons plus a timing window, comprise one of the group con51st1ng of: about 2.5 ps,

9.375 ps, and 16.875 ps for anx1.25 MHz and a nx3.25 MHz bandwidths series.

26.  The communication system of claim 22, wherein the variable cyclic.preﬁx
durations comprise one of the group consisting of: about 2.5 ps, 10 ps, 15 ps, and 20 ps
for a5 MHz bandwidth series.
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a downl i nk sub-frane; and -an uplink sub- frarre wherein the uplink
sub-frame and the downlink sub-frane use the sane RF channel for '
comuni cation, and wherein the downlink sub-frane operates with the upli nk
sub-frame to achi eve a maxi mum transnit-recei ve transition time gap.

43. The OFDM PR adi o frame structure of -claim42, REBUEI0IS/ASHREL -
transmt-receive transition tinme gap is Iarger than a round-trip delay from

a nobile stati og, at e conmuni ¢ of a.base station to
t he base stati 0?7 T c&ﬂ%&l%mﬁ ra io%tef f?‘ﬂif%ﬁ”@‘(‘}f claim
41, wherei npatChecompriwblalaomy&DBISIﬁHzafl x duration i's based on a nunber of
OFDM subdarriers used on the RF channel 45 The O-DM OFDMA r adi o

frame structure,f i i se | EEE. 802. 16m
st andar d networ%é) i cranjémcﬂ i3 S{%ﬁnl ??Zlal%r? S efrg Wﬁ@lcﬁﬁl‘capr&’ﬁr ality, -
of RF chandetationsvdoerpesaorehe tRFgr@h‘;am’iﬁisﬁnglﬁmﬁHSdrﬁ 2.867 55 1M428 rpscrvame,]ts

bandw dt hs 0 ni cation stem conpri si ng: an i nverse fast
‘Fourier tr&ﬁi?%?ﬁ&n?gu{ﬁé%ﬁ’e%‘tﬁy tt“(?)‘?“efsransform ng a plurality of. frequency .
dormai n data synbols into a plurality of time domain data synbols

respectively; 29 mecy&hmﬁmwt@ﬁls?stsﬂl 6C tRim MJAWiRredP k& t@carre! €CtiNg -
a cyclic prefix froma goural ity of variable Iength cyclic prefixes to

obtain a s&PEPESAMEY S RRoYsLekAE . and ~an add cyclic prefix module
operabl e for adding the selected cyclic prefix into each of the time donmain

data symbol s to3mbt afie @nphusicalibrd ¥sRn FRAWfI92WRSein the variable cyclic prefix
durations comprise one of the group consisting of: about 2.5 us, 10 ps, 15 ps, and 20 fora
5 KHz bandwidth series.

31.  The communication system of claim 20, wherein a first cyclic prefix:
duration for a first base station differs from a sécond éyclic prefix duration for a second

base station. -

32.  The communication system of claim 20, wherein the flexible radio frame

structure comprises a 10 ms radio frame.

33.  The communication system of claim 20, wherein the flexible radio frame
. structure comprises sub-frames whrch comprise sub-frame duration options based on the

variable cyclic prefix duratrons

34.  The communication' system of claim 33, wherein the sub-frame duration
op’tions comprise one of the group consisting of: about 0.5 ms, 0.675 ms, 1 ms, 1.25 ms,

1.5 ms, 2 ms, and 2.5 ms.

_35: The communication system of claim 33 wherein the sub-frame duration
options allow a system to reduce interference with systems based on a plurality of industry

standards.

36. .The communieation system of claim 35, wherein the industry standards )
~ comprise one of the group consisting of: Third Generation Partnership Project Long Term

Evolution (3GPP LTE),‘Third Generation Partnership Project 2 Ultra Mobile .Broadb.a.nd
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47. The conmmuni cation systemof the-claim46, further conprising a
processor -nmodul e operable for: ~providing a plurality of variable size
sub-frames forned froma subset .of the OFDM franes; provi ding a
plurality of radio frames for transmtting a subset of the vari abl e size
sub- f r ames Wn208ugA428t | east ' one of the RF channel s; an8CT/US2008/e88d6tul ati ng a
plurality of timng gaps associated with at |east one of the variable size

oub- s eI, b UL ESLASRALEL St BRISL \UEEARLE O

reception, are calcu n part
on a cycl i SORMA), xndiWimtcsOintepbpetabdity fir Mitrodacyatdess (WibfAX). 48. The
communi cati on system of the claim47, wherein a cyclic prefix duration of

the selected cyghic prafidibaflet SraLngd hased onposamhing cate of one of

t he RF- channel s; T “EOhmim! oa
system th@hmdﬂhoﬂwbdhmwm&wmgh receiving a plurallty of time domain
data synbols for transm ssion on a radi o channel; sel ecting a cyclic

prefix froma pbglr al Tﬁeyco%dlﬁ%alr&p ls}%tel'ne&%tlilm%c Lv'hgrei?rrtﬁé bé’lea%le cyclocb}grg‘ g a

sel ected cyclic prefiX;
durations are selected for each of the sub- frame sizes.

39.  The communication system cf clairn 33,_ wherein the processor module is
further operable to calculate a plurality of timing gaps associated with at least one of the
sub-frames, wherein the timing gaps are calculated based in part on the variable cyclic'

prefix durations.

40.  The communication system of claim 39, wherein the timing geps comprise
one of the group ccn'sisting of: a transmission timing gap for an uplink TTG(UL), a
: transmissiontimi_ngr gap for a downlink uplink TTG(DL), and a transmit-receive timing _
gap (RTG).

41.  An OFDM/OFDMA radio frame structure for communication in an RF
channel in a wireless network, the radio frame structure compr_isirrg:

a plurality of OFDM symbols each comprising a van'_able cyclic preﬁx duration
and an at least one OFDM data syrnbol;

a plurality of variable size sub-frames formed from a subset of the OFDM
symbols; | ' _

a plurélity of radio frames for transmitting a subset of the veriable size sub-frames

~ through the RF channel; and

a plurality of timing gaps associated with the radio frames for providing a

protection for timing variations at signal reception, wherein the timing gaps are calculated

based at least in part on the variable cyclrc prefix duration.

_ 42. “The OFDM/OFDMA radio frame structure of claim 41, further comprrsmg
a sub-frame structure for the variable size sub-framies comprising:

a downlink sub-frame; and
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addi ng the selected cyclic prefix into each of the time domain data synbols

to obtain a plurality of OFDM franmes. 50. The nethod of claim 49,
further conprising-transmtting the OFDM franmes on the radi o channel.

. 51. The method of claim50, further conprising adding the OFDM frames to a

£l exi bl e swo fopgoses2pri or to transmtting. 52. TheCcmesd@dsabl cl ai m 51

wherein the flexible sub-frame conprises a timng gap for pI’OVI d| ng a

protection for r | t.Si eceptio n tlmng

gap i s cal cul at I‘é[{d[mg&s gfh?& f g‘}(gl@rtef’ill the gF@J oo ﬁ&% Enqqthev& fnk St anf’l on of

t he sel ect esk thecsane BFeé_hannel for comﬁﬁmcéﬁhm mad h»zinl:remﬁ thd downlﬁilg sdh:lfrzhher

-conprising formn radi.o rising.the flexible sub-frame prior to
transmtti ﬁﬁerates with ?fgépp K f:lg’r%lﬁ?eetf’ af 8‘6?&%@8’“% tﬁﬁ'?frflﬁrrecﬁwﬁgﬁ?ﬁﬁ?ﬂnéﬁ?‘? '
- system cogw.i si ng program code for: : receiving a plurality of tine

domai n data synbols for transm ssion on a radi o channel; selecting a

cyclic prefix f I é@bﬁ %varla{ole I th c xes for the

radi o channel %)fobt BEB DMy Tadig ?fn?)rsg'f’?qf&r %ﬁ:&fa Wherem the
transmit-receive transition time gap is larger than a round-trip delay from a mobile station ’

at the edge of a communication cell of a base station to the base station.

44,  The OFDM/OFDMA radio frame structure of claim 41, wherein the
variable cyclic prefix duration is based on a number of OFDM subcarriers used on the RF

channel.

45. The OFDM/OFDMA radio frame structure of claim 41, wherein the

network comprises an IEEE 802.16m standard network.

46. - A communication system comprising a plurality. of RF channels, wherein
the RF channels comprise dissimilar channel bandwidths, the communication system
| comprising: | _

an inverse fast qurier transform module operable for transforming a plurality of
frequency -domain data symbols into a plurality 6f time domain data symbols respectively;

_a cyclic preﬁx selector module operable for -selecting a cyclic prefix from a
plurality of variable length cyclic prefixes to obtain a selected cyélic prefix; and |

an add cyclic prefix module operable for adding the selected cyclic preﬁx into each

of the time domain data symbols to obtain a plurality of OFDM frames.

_ 47. The communication system of the claim 46, further comprising a processor
module operable for: o _ |
providing a plurahty of variable size sub- frames formed from a subset of the
OFDM frames; _ 7
providing a plurality'of radio frames for transmitting a subset of the variable size
' sub-frarhes thrmigh at least one of the RF channels; and
éalculating a plurality of -timing gaps associated with at least one of the variable

size sub-frames for providing a protection for timing variations at signal reception,
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addi ng the selected cyclic prefix into each of the time domain data synbols
to obtain a plurality of OFDM franes. 55. The conput er-readabl e

medi um of claim54, further conprising program code for adding the OFBM
frames to a flexible sub-frame prior to transmtting the OFDM franmes on the
radi o chanig) 2009052420  56. The conputer-readabl e nedi unmPGt/Us1008/080%5, furt her
conpri sing program code for: providing a plurality of vari abI e SI ze
sub-franes

ool oy s SRR oS MSElufles MR R BIES) o ot et QNG
sub- f r anes therselpotgdh cydhie predidi o channel ; and cal cuI ating a plurality of
ti mng gaps associ at ed with at | east one of the vari abl e si ze sub-franes

for providing a,prot L Y ' | ept

whergl n .t he ?l mgg gglgs grgré]tl@a ué’hlrga}gtgﬁl ggsed a eas‘Y rlln paals;)(c 1(‘3npr§3lp’&ycl ic
prefix durdbiaton of tht kadecel @clieprefy ¢l deterpined based on a samplﬁlg rai€lo€ one of the
conput er-re&d%bl e,redi um of claim55, further conprising program code for
formng a racf SmFrane conprising the flexibl e sub-frame prior .to
transmtting:

49, | A method for communi_cation in a2 communication system, the method
comprising: | ;
receiving a plurality of time domain data symbols for transmission on a radio
~ channel; - | -
| selecting a cyclic prefix from a plurality of variable length cyclic preﬁxes to obtain -
a selected cyclic prefix; and
adding the selected cyclic prefix into each of the time domain data symbolé to

- obtain a plurality of OFDM frames.

50.  The method of claim 49, further comprising transmitting the OFDM frames

on the radio channel.

S51. The method of claim 50, further comprising adding the OFDM frames to a

flexible sub- frame prlor to transmlttmg

52.  The method of claim 51, wherein the flexible sub-frame comprises a timing
gap for providing a protection for timing variations at signal reception, wherein the timing
gap is calculated, based at least in part, on a cyclic prefix dination of the selected cyclic

preﬁx;

53. The method of claim 51, further comprising forming a radio frame

comprising the flexible sub-frame prior to transmitting.

54. A computer-readable medium for a communication system, comprising
program code for:

receiving a plurality of time domain data symbols for transmission on a radio
channel;

selecting a cyclic prefix from a plurality of variable length cychc prefixes for the

radlo channel to obtain a selected cyclic prefix; and-
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adding the selected cyclic prefix into each of the time domain data symbols to
obtain a plurality of OFDM frames.

55.  The computer-readable medium of claim 54, further comprising program
code for adding the OFDM frames to a flexible sub-frame prior to transmitting the OFDM

frames on the radio channel,

56. - The combuter—readable medium of claim 55, further comprising program

code for: _ |
| providing a plurality of variable size sub-frames formed from a subset. of the

QFDM frames;

providing a plurality of radio frames for transmitting a subset of the variable size
*sub-frames through the radio channel; and ‘

calculating a plﬁralit&r of timing gaps associated with at least one of the variable
size sub-frarﬁes for providing a protection for timing variations at signal reception,
wherein the timing gaps are calculated based at least in part on a cyclic prefix duration of

the selected cyclic prefix.

57.  The computer-readable medium of claim 55, further comprising program

code for forming a radio frame comprising the flexible sub-frame prior to transmitting.
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