OFDM/OFDMA FRAME STRUCTURE FOR COMMUNICATION SYSTEMS Cross-Reference to
Related Applications [0001] This application claims priority to U.S. Provisional Patent Application No.
60/980,760 filed on October 17, 2007, U.S. Provisional Patent Application No. 61/020,378 filed
January 10, 2008 and U.S. Provisional Patent Application No. 61/032,032 filed on February 27, 2008,
the contents of which are incorporated by reference herein in their entirety. Field of the Invention
[0(1021 The present invention relates generally to digital communications and more particularly to

Orthogonal Frequency D)FBNMYQIBMAPRAM I STRESCATRIdEedeOBRvision Multiple

Access (OFDMA) systems. Background of the Invention [0003] There is an increasing need for mobile

high speed communication syst€@ MVOUN BEGATEHNSACBI I &s the Internet, 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 operating conditions caused by

the environment. Among these opg[atifgeaditiang ﬂ&ﬁ%ﬂtl&dﬁﬁliﬁiﬁﬂﬁﬁ’ inter-symbol interference
(IS1), and inter-channel interference (ICl). In mobile high speed communication systems, multipath is

interference resulting from radio signals reaching the receiving antenna by two or more paths. Causes

of multipath ii&b‘fﬂi Amospheriesugtings janaspheric seflesian anderiractipm andreliection from

terrestrial objects, such as mountains and buildings. In telecommunications, 151 is a form of distortion

of a signal in GHRRD IR Eladiesl Pricerdd vAtY SubseduerE b IEP RPECAEARM P distortion of a
signal caused; by, ¥aRsnigsion e signalsonsadiaces! phannelsateen jipecteienwth one another.

61/032,032 filed on February 27, 2008, the contents of which are incorporated by

reference herein in their entirety.
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 systems to
provide a variety of services such as the Internet, 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 operating
conditions caused by the environment. 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 receiving 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, ISTisa
form of distortion of a signal in which one symbol interferes with subsequent symbols.
IClis a
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[0004] Figure 1 illustrates a mobile radio channel operating environment 100. The mobile radio
channel operating environment 100 may include a base station (BS) 102, a mobile station (MS) 104,
various obstaglgsh08193/110, and a cluster of notional hexagonal cells  per/us2008/080361
126/130/132/134/136/138/140 overlaying a geographical area 101. Each cell
126/130/132/%&4/122{,138/_140 may. include a pase station operating at its allocated bandwidth to
provide adeqfiB PAGHSIREIAIT QG4 toareli srunh by ERrmiEsPR A SigRALEHN RIS SEatiANAdS Hiby operate
at an allocatestgshimnsrédrtr anigioisstathandwidth to provide adequate coverage to the mobile station
104. The base station 102 and the mobile station 104 may communicate via a downlink radio frame
118, and an UBNB#l rBigierérhmlastazesespebileediEdehneldipeiriing shvgtaendybe Fhetirabdivided into
sub-frames 1204126, whlgh e eI SR DA FRA1A8 s el s shaglperating

environment 100, a signal transmitted from a base station 102 may suffer fr operatlnliS

conditions méfit 304 rstauRahTiRelsh LR Signend arplysise atnetionah Aprseennles

consequence1okreiRetons4scaitesings and wiffiagiion.of taestramsirittageaignal by naanal aem/or
man-made Ob{%}ﬁé})mw 10. At the receiver antenna 114, a multitude aof signals may arrive from
rect

many differen one Wit ot B He P9, DS afioPRSCa st e B8R FAIS tRESFE difference
between the autdalidtomenddfithelfigat reraived vardgip athicompded nictd 6Ky picatylthehbinasef sight
component), and th t received multipath compgnent (poessibly any of the multipath signal
components %%O?seé%seﬁﬂel%egap%e%% .alf‘h%ﬁ(c)%arﬁegi n%x[?ggr% gf%%g%fg%v%%%ngﬁéﬁgg% s{ggﬁeenuations,
and phases méwgmmvﬁmﬁgﬂh_esmohi&sstsimwmIThqmsmﬁeiimdlg@naﬂ. fh_hmdb;'tomt@ﬁpmay
complicate fe?@@‘i’ﬁ’%%&ﬁﬁw&@%"i NREes edsanakintpsusaiulinipimatoRn oL fxample, delay

spread may cause ISl in the useful information (data Sj;mbo'S) contained In the radio frame 124. [0005]
Orthogonal FrespservsiDiiaRnpdintiBraxenk f0 EHmgie durtbendivided iapisubeligngedeypetl for high

speed commugications thatican mitioaiedelayspread and manwethirr difficulhepgiatipg:sanditions.
OFDM divides an allocated radio communication channel into a number of orthogonal subchannels of

equal bandwiBEH RURAS kA hTtanel risasiisd PR unigers GTstipof Sanarisiisy e ibse

frequencies asecegitiallyaddisinimaltyoapacidiar eptiraalhaladwiclipefiicigney cdhpdgrep subcarrier
signals are chosen to be ortho o.nall,l me?ni#%t e innertProduct %f 3%/ tv%/o of ) sEbcarr.iﬁrg equals
zero. In this m%%n%??‘fﬁélse%t?%l SEnawidth a oc%f%%stos%%eerS}? em'is divided into oft r(%ﬁ%rﬁlae
subcarriers. [6306] ByrthwgehahfiequeneyBividientMili6ie8 Adfesa (D Dddeyds antennti-Us€r aversion of
OFDM. For a icat] ice s | iple. ' lished by
assigning sub%g@{géjegrt gé%#%%ﬁ@c%?ﬁﬁ?@?n%%ﬁ u??fsé%%:%%g@%g\ﬁcilgp Eﬁ sﬁl?lg%:e%%e%%oévice may
be a mobile stiigarriioaswats whichsth&pegel statisriinodidTesmen isiveamghfoauiral Apomest 8 fast
Fourier transfaiay (L)l ianiad dodpsmibe: BigySHRNANE QumbehebaHandale

subcarriers determines the fast Fourier transform gFItlE i ; size (Mfg.) to be used. An information symbol

(e.g., data sy BOI§SH RS HEGRakcsoaRAREAL SPert Al R O it iieaihig e i AB RS Hadulation

of the orthogapakBebaarsiessrchie medelatiomebihe eithagania sufcasriRisyiQraenatiohermation
symbol in the time domain with a duration Ty. Dﬁtiogé{gﬁs nerally referred.to,as the OEDM useful
R R T

symbol duratiBRAES e SEHS L8 T SHTAIAS OEENBt RN HE SHYYSRal
subcarriers Afaycbasehdadecdptandavid e versaitheoORD Mcsyvat el ghatation usefdl Tidtmhagonumber of

available orthggonal sugea riers N (an integer le s@an or,equalde V. 71)ixi : hegjh nnel transmission
pancwict (350) U s U e o tarey She i Leri S i, G ety
principles of aspOEHBNIORD MAMtAticalA®r transmission with four subcarriers. The principle of
multi-carrier transmission is to convert a serial high-rate data stream 202 into multiple parallel low-rate

sub-streams 18998}, Qrégantd PraraceoRverer Mudkinkriste( QHP M dafng Houiked dh o one of

NO orthogonabsul-gavéispe 25, MEIeERIE dsraminiegRmthdhtfentxample dshly be-greatarihap or equal
to 128. The NO sub-streams are modulated onto_the Nc sub-carriers 206 with.a spacing.of Af in order
to achieve ortﬁg’ﬁf)r‘?é{ e RREEHTR S LRYHLIE%N %cfj gc U Eaffe? %Be.dﬁgli)e%%ﬁfﬂ&%{?@tb‘ﬁ’rallel
modulated dathsyellials 2 h0naser refertaobtmd Sebriiahial sfiegball bSideadthe Bychbabrhtenss 8ach

sub-carrier Zogé%u%%lecip Q?Se? Sﬁ?c{héhgrgé{é“ (k)JP lsﬂgggr(r)lfe}hs?gnals, whose frequencies are equally and

minimally spaced for optimal bandwidth efficiency. The group of subcarrier signals are
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initial serial data 202, the OFDM symbols are less sensitive to timing. Thus, the effects of symbol
overlap (i.e., IR) caused by delay spread decrease for the channel. [0009] Figure 3 illustrates 1ST
between OFRQM{QGHMAs)Mbols. As shown in Figure 3, OFDM/OFDMA symbpls Ranssemay be
transmitted on the sub-frame 120 of the downlink radio sub-frame 118 from the base station (135) 102
to the mobile station (MS) 104 (Figure 1), Multipath components 112 (Figure 1) may cause a delay
spread 302 of #iEF8yhBBIedPeailTMeEay KpiuT RiegPERASETthEXIFD FCTEPATAISFBEIS 81 - 83
to overlap eagkrothar shishithahdd kR04ntiecwsnaaidee al e/ QHRM Aysipmbilsibided amd S2-S3. If
the 1ST is Ial\r}? enou h,u%he sgtr)lal reception may be disrupted. [0010] In order to make an
OFDM/OFD s%fs(frémsmcgraér}o Sust to multipath signals, an extension is made to the information
symbol calle i prefix T | | ' rally. i d] .

O DMIOF DM B e e UERGEEFEy each
OFDM/OFDMA SYialbl did dscasurumesmpésisetcstoh tetbrekapspirdian iHizo audEapyeprRsTatlio
channel as explaingdnetryy tha sEbCarsiK 49%R88:R1%0 caRpensAladoLatL0Wess 8 delay
spread such as that from pulse shaping filters often used in transmitters. By siglgl?irgcant!y reducing or

avoiding the SF¥ERS of 1 8PssABERCS Yice Bk rETRb U5 alien hifpuith YA tithsETRRIN between
the OFDM/ORDMAsignals@en the sub-carriers 206 (Figure 2). The cyclic prefix 402 has a duration TO
which may be added to the useful symbol duration T" . Thus, a total OFDM/OFDMA symbol duration
TsyA,f may be0007Altvoinykrse fisisFexanmprensiamiallEHD) N4/ GiFeD Wikd\ teyiorbotlduratiamiefsTeydn = T TO

be empl it vithed ion 1 2)
e avaale ot LS Ut DG e i OO AL SO Lyl bl 402 1 &

cyclic extensioN of piche ORDMAORDMAatinmbrhkoh(eltisdottaimebbbyitesite fditiguhe duratiosl of an

OFDM/OFDMp, sympol. £idure,2.shaws an exIAR Selle. el I Fioiie, o sigiiseicl surve 504
corresponds to an original sinusoid whére one cycﬁa of the sinusoid i8 of duration 3.2 Vs (i.e., 64
samples with 20dvietosarh giiner fanednHon e rexapies therdobuatine sfrebolenohddi8EXisnidHy . A
cyclic prefix 502,0f 16 samples (0.3 v gois e-appen jj to-the priginal su ier whigh still has
the original siﬁvg[élo?dcglﬁ?éo&%zzb&flfﬁ? ‘kg‘; %ﬁ%%%ﬁ%?séﬁe%grﬁwg?aﬁrat%ﬁwg %gl,ﬂlww{?:%oglows the
receiver to chegsgopnerpetiadsthehtrtoidhensalhcathes iy tremnpieniggerawindevotthdrosl In this
manner, the cyclic prefix 502 acts as a buffer region. The receiver at the mobile station 104 (Figure 1)

may exclude saopigsfrom theheyeliapbelix SQ2H0RdRatard c OFINES bihdhausaviods symbol when
choosing samples for OFDM/OFDMA symbols (e.g., SI - S3 (Figure 3)). The cyclic prefix 862/402

duration should be optimized to.increase bandwidih efficiengy (j.e.,.bit/Hz). [0012] In
telecommuni%&gzﬁ)ﬁuslf%a{f ?acr’ﬁea}’s? %a |>?e8r§1ro§8rr]%b?3{1%ar% rspgﬁcﬁ(&agflaget%?rv& |8h&ha:gl‘s%e% uZ(lalntc(:)oded by a
communicatiofys piofoeR! fatdigifatSrRRSENSSIgM N fERMEMINYCIHARdS te N Y BERTUNYRISAION
channel is divided into frames (e.g., 118/124 in Figure |) or sub-frames (e.g., 120/126 in Figure 1) for
transmission. BHée framgystracture of an OFDM or OFDMA system contributes to determining the
performance of\d communication system. In a communications system, the size and timing of a cyclic
prefix in a frame is specified by a frame structure. 100131 In existing OFDM/OFDMA systems, such as
Wireless Interi®068ailgyrfo? Mictostenveindpes (Wi MBERNMOE Y EAoprisfirrisec drafigursddbe, Widh it is fixed
when a system i divert. Pie Jnitseoofiguintianat ihmsxslan ferslliciet banswidiuiization

since the cyclic pr cannot be recontigured. Additionally, in existing frame structures, there are no

mechanisms WIsWFaThASE SeeioRUSRRNGE I8r ’f‘é\(‘,’dﬁ’fmé‘t‘é‘ﬁ!ﬁ@?’@%l%,%réﬁxad%ﬁfé&idﬁiﬁf@lﬁﬁerent
communicatio, Hoage SEg 'éﬁ%ué%ﬁé%ﬁé&?ﬁ%%9{11&@815%‘{8'83&'% WA hRpBRlisHEe S QM severe

multipath effects (i.e., large delay spread), a longer cyclic prefix can be used to eliminate the 1ST and
ICI. In less seyese whavn®l canditiangewithtfevesxanfipatinissugsarrsiert ayelicaprefiegarrhe used in
order to reduce overhead and transmission power. Therefore, there is a need for systems and
methods that gYpvitib-stfcammeastruatdnéafet high PerfdimsariceaORBMMnwiGRDMACREseEnY thiat more

efficiently use the c¥clic prefix. ) . .
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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Summary of the Invention 100141 An OFIDM/OFDMA fra me structure technology for communication
systems is disclosed. The OFDM/OFDMA frame structure technology comprises a variable length
sub-frame strycture with, efficiently sized cyclic prefixes, and efficient transifiopgag.didsasigns operable
to effectively utilize OFDM/OFIDMA bandwidth. Furthermore, the flame structure provides
compatibility with multiple wireless communication systems. An uplink frame structure and a downlink
frame structufeitesprayitriy 2801 AFRRG smbsthsteftcorisittedatmrp Miys M A Runication
system. The QRRM/QEEAA QMY LRIGHDH SYRiCeaMRIERSAR whslibashdrdio frequency (RE)
channels, wherein the RE channels comprise dissimilar bandwidths. The system also comprises a
transmitter fofqoes}idipgra pliladitytef ISFRHvselh CHTMAOTHSA Ribsisbcas rsbrsvaampiggecas fixed
subcarrier spagi uch that tgekp M subcarriers are scalable in.number to-utilize any of the
RF channels. n%%’ggemérﬁ%ﬁ%ﬁ c‘ggn%lg?ba% W&fﬁ?sﬁﬁﬁﬁgi%?n%gmcagﬁ%nfggs?grﬁ can be
divided evenlgdwnifrk saticasviefrspacii§. 100184 hasadtition (B $02tenthsandbitthsedompfises a

processor coqg?&}g&%jr%ﬁ%&% and ARERAPIS SQmRERNMdS al%%m LARR I AR FUHE U e

comprising a plurality of variable length cyclic prefixes operable tor the RF channels. [0017] A second

embodiment evmipstise a Edmrimiteiaioppisastanay TRBse dhsriUTRd SR Aetiebstipaites Attfeast one

base station R BHiRRISEN s mf@oﬂe@ggr&twe&\@ﬁ@mmppgﬁﬁebgm rafigns,are chosen
based on a cell coverage area of the at least one base station. The sgystem also comprises a

processor for ProidiHghs fiekiblargadrrnemibstigralrecartiiom & iamESize cyclic prefix durations.
The flexibl i truct i t b tion for t itting, data t
e flxible ragy o stuctuc e uogy e At o one bace saton o1 fanem g daja o

mobile statiort. oc 0 be opera OCalcuiate a plurali I mgsé%ps associated
with at least ongeofithei suizdeants, ivhereinaheytithii g4 ds anebalogiite dibasadlin paftofzhe

vanable eycliepiefix.ayafiont KR AN OPBURAT AN A2 QRN A Fbla fadio frame

structure for comimunication in an RE' n a wireless network, The radio frame structure

comprises a plbeatitylisf EDMOSyimbolsaddcopmgesivgeect 4N/ SRt rshimbelatdis asf at least

one OFDM data 3yipbilad 6 A& sl USture alsQ sRmpHsesA-RitalitatyaliaRie.fiae sulrdrames
formed from a subset of the OFDM symbols, and a plurality of radio frames for transmittin%}a subset of

: y p

the variable stBefrRIFHESRIFSL§AGRIREL AaRRBIsatAdor S sttt R sREwD s 3 Bidrality of
timing gaps agsReiaied vibithaiado flamesdar pravidingsa Brotactidoafalytimingivasptiansiag signal
reception. The: timi ap calcylated based, at least in part, on the variable cyclic prefix duration.
10016 A fourth o HGh s HSTHE TSt Gyt FRS o AT G e
comprises a [Beratien aiRPFERAOERY Whigeils astizsstof theRR Eithdngels HavehdissihvilpreGhannel
bandwidths. T stem also comprises an inverse fast,Fourigr transform (LFF dule rable for

J@Lﬁ%i Bfaﬁ) P th(lﬁd ma %a?d%iedf%%&e us Ougs% nbsog?flura(}l?n ]1—") MASK a§(§[%

transforming a gaue?ncy omal a symbols in urality of time*domaih data symbols

respectively. THaaRD MG LESMRIsEs ey lig By afix selector oparRblm for seieclinaadcyclic prefix

from a plurality of variable lengdth cyclic prefixesy"{o obtain a selected cyclic prefix. The system also
comprises an@éd CyEpEizvMdiienletablddor etldipg the BelectEg ayelicprefixtiowactioof the time
domain data symbols to obtain a plurality of OFDM frames. [0020] The system may also comprise a
processor opdraisimiitngreviiigd/pER @W)éﬂbb%l%i2@5‘&ﬂ§fﬂ4a$ﬁ@§<fbﬁ\*ré60ﬁoé &Fsgisedlof the
OFDM frames. Th Processor IS alesr(,)stagtens’;lbrl1 f(l){ xgr(s)r\ﬁifjisri]&a plurality of radio frames for transmitting
a subset of th8AnaBIs size sub-frames th oug?w at [east one of the RF channels. The processor is

further operabigy o colcaling AP B NGO ASsessalRIMI A easaRgOLheaariable

size sub-frames for providing a protection for t|min% variations at signal reception. The timing gap is

calculated badeiDM/REBNH paptmbela cyeirk piefi-oBiaedn T 1sstsedingedey citrpignx. of an
OFDM/OFDMA symbol. Figure 5 shows an exemplary cyclic prefix. In Figure 5, a

sinusoidal curve 504 corresponds to an original sinusoid where one cycle of the sinusoid is
of duration 3.2 us (i.e., 64 samples with 20 MHz sampling rate). For this example, the
subcarrier frequency is 312.5 KHz. A cyclic prefix 502 of 16 samples (0.8 us) is pre-
appended to the original subcarrier 504 which still has the original sinusoid of frequency

312.5 KHz. The sinusoid is now of duration 4.0 ps, which allows the receiver to choose
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[0021] A fifth embodiment comprises a method for communication in a communication system. The
method comprises receiving a time domain data symbol for transmission on a radio channel, and

selecting a cyglis REsfixfipm a plurality of variable length cyclic prefixes to ppiaiRAsaIeEE cyclic
prefix. The method also comprises adding the selected cyclic prefix into each of the time domain data

symbols to obtain a plurality of OFDM frames, [0022] A sixth embodiment comprises a

computer-rea@Rirstine diutriora the sibramtatriv Spsnche biseeeyngate (4atabid Hisdratnebmprises

program codeHor(ReeiiRG 2 Smedamain datesyamhel forhansapission an:adasiie chaonelodhe
program code also selects a cyclic prefix from altglurality of variable Ien%lt‘?é cyclic prefixes for the radio

channel to obtSIBUEsEISMEFISIBAE FHERIESTHEM 8GRI E RIS Zals Tl S8 SQIBPETHE Befix into
each of the tipedemsainntiain Gyeabols 66 ab tedmpl gl uka! YT T ENIAMe mbb0234. Tie - 53
computer-readable iu ay further comprj ogram code fgr,agdding the OTDM.frames to a
flexible sub-fr&ﬁ%,r ?)r ?’tonslgg%ls?ﬁﬁ }ﬁgpfﬁel’blgm@argggqéor? tﬁgorlggi%gecr? rt'llrr%ﬁeﬁih% plr%cé%sr% code
may also provisleleidiretityiofcydriabletdizs. sub-frames formed from a subset of the OFDM frames,
and provide a plurality of radio frames for transmitting a subset of the variable size sub-frames through

the radio chatPA2iretpesgrampaisatontay Maweiculawd Lpaahle denatimgdsbelAdscrdticd with at

least one of thgvadablessize sul fiangsdonRiedfingrariatastiondpstimipgnatiations atsignal
reception. The timing gap is calculated based, at least in part, on a.cyclic prefix duratign of the

selected cyclisTHERE FoBSAT A AthemTBumiraanPamhitasided dnioptRmss §igoldddfesadwell as
the structure ane:RPEYatisibofvabousLmbodipsantsighihe)fesenisdissliosureharmaestrikaeddn detalil

below with referenc Hbg ac nying drawings. Bricf Description of the Drawings 0055% The
fr tPg% X r%ramﬁ osh%tem corgrﬂ)utes {0 Se € 1nmﬁ H;'?S %%%%%%&L 0 e

present discloSufe, | 26 niote varidus embodiments, in detail with
reference to thenfolimidagpEigyres). THe drewimgsnargipnebpkehiotipusposesiofiiflingtrafiencgeliy and

merely depict exemplar, ' t i 'g WIS These drawings are provided to facilitate the
S AR e B e

reader's understanding o not be considered limiting of the breadth, scope,

or applicabilityygf Hjediscieguse- drshauidbemotedifial fanelarity ansaase ahdiustiationthese
drawings are not necessarily made to scale. 100261 Figure 1 is an illustration of an OFDM/OFDMA

mobile radio AHEFABRSD AT ENAOHAHe [BBirPEsTErs SeatePithler AbAtIf gREioIEEbRan
OFDM/OFDMésiapitizaaiplolyad S s Omiish den T Suiear i@ she system for efficient bandwidth

utilization since the cyclic prefix cannot be reconfigured. Additionally, in existing frame
structures, there are no mechanisms to allow a base station to change or reconfigure the
cyclic prefix duration for different communication usage scenarios. For example, when
communication in a channel suffers from severe multipath effects (i.e., large delay
spread), a longer cyclic prefix can be used to eliminate the ISI and ICI. In less severe
channel conditions, with fewer multipath issues, a short cyclic prefix can be used in order
to reduce overhead and transmission power. Therefore, there is a need for systems and
methods that provide a frame structure for high performance OFDM and OFDMA systems

that more efficiently use the cyclic prefix.

Summary of the Invention

[0014] An OFDM/OFDMA fra me structure technology for communication systems is
disclosed. The OFDM/OFDMA frame structure technology comprises a variable length
sub-frame structure with efficiently sized cyclic prefixes, and efficient transition gap

durations operable to effectively utilize OFDM/OFDMA bandwidth. Furthermore, the
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[0028] Figure 3 is an illustration of exemplary OFDM/OFDMA symbols distorted due to ISI. 10029]
Figure 4 is an illustration of exemplary OFDM/OFDMA symbols with cyclic prefix insertions in the time

domain. [003Q4 5 gk R34 an illustration of an exemplary cyclic prefix extepgippda,@hsdss PM/OFDMA
symbol in the frequency domain, [0031] Figure 6 is an illustration of an exemplary OFDM/OFDMA

exemplary communication system according to an embaodiment of the invention. [0032] Figure 7 is an
illustration of HATRKERGHATS Ww&%@ﬂmmﬂe&w&emmawwﬁésarﬁﬁlémf*a’r the
invention. [003a]HkigarecSsit el sl ationafi dnfexempiann® HMERMA signal definition in the
frequency domain. [0034] Figure 9 is an illustration of an exemplary OFDIvl /OFDMA symbol structure
in the time dof¥@if] [O0BS] Fighadirhéniscamiphisty a0 I BB Ml aryn@FDivHREDRNEBsUb Thame

structure acc%gm;@}ﬁﬂl\@mQg@%ﬂ&&f&!}%ﬁ%ﬁ?%&gﬁ%ﬁéﬁi%ﬁi%ﬁgd]&"ﬁ%ﬁ%%?gbm ent of

exemplary OFDMMFDMA uplink and downlirik radio frame structure according to

the invention.BosyisFigheecmothe JRE|ickapagncomprivxdiviinilyrCrpiwiditn MEhapiisieana wownlink
sub-frame strygiyigsasGorgiRsH BN BMPRATNERt PR IYEMIOEDM subcarriers. The OFDM

subcarriers comprise a fixed subcarrier spacing chosen such that the OFDM subcarriers
are scalable in number to utilize any of the RF channels. In one embodiment, all RF
channel bandwidths in the communication system can be divided evenly by the subcarrier

spacing.

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

length cyclic prefixes operable for the RF channels.

[0017] A second embodiment comprises a communicatibn system. The communication
system comprises at least one base station supporting variable cyclic prefix durations. The
variable cyclic prefix durations are chosen based on a cell coverage area 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 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.

[0018] A third embodiment comprises an OFDM/OFDMA radio frame structure for
communication in an RF channe]l in a wireless network. The radio frame structure
comprises a plurality of OFDM symbols each comprising a variable cyclic prefix duration
and at least one OFDM data symbol. 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 comprises 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.
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[0038] Figure 13 is an illustration of an exemplary OFDM/OFDMA optional radio frame structure
according to an embodiment of the invention. [0039] Figure 14 is an illustration of an exemplary table
of basic OFD{{RhEMAperameters for a ti 1.25 MHz bandwidth series acegrgingds agnsnbodiment of
the invention. [0040] Figure 15 is an illustration of an exemplary table of basic OFDM/OFDMA
parameters fqor a nx3.5 MHz bandwidth series according to an embodiment of the invention. [0041]

Figure 16 is kA5t B SRCOLERTBIFTRERS D LSO EISINA: pdiin fOBRRIFEiIA 1.25

MHz bandwidifsatiesripeifed, a0pbutality bERR, chadn2lh mkcstin-tantest adahedRIY dhaanetniaoeiment of

the invention. (S?Sqrdfn 4 rF| re 1? ES a |I%{ﬁgqtl?ﬂeof an exergg)lacra/ table of basic OFI?M{%%\Q%A

parameters fora nx3.5 B2 handWidth series aC(S:%sftglrﬁg 5 an embodimentof the iAvention. [0043]
Figure 18 is draitkistratibiT 0 ardwenptaabltafolctohbisici@FDMIGED MAsarenetesion al@s ms

sub-frame for g {ych 2R M E'Zpﬁ%ﬂv’igmi?ﬁ%”@&nwﬂ*hﬁa?gﬁﬁﬁﬁﬂ?Eé’£§9&{f%@ / SPRENAAL e KHZ

according to an embodiment of thé invention. [0044] Figure 19 is an illustration of an exemplary table
of basic OF DRCIETNA A peifhiedis FIpdcn errsaie Kusentieeia C4cHS PRENEPMR RN Yeries, with

a subcarrier figadsRCYapACIRE NI prbaRKRYZ sReROHINgda-aN SROGIBNT Of thesyantign, [0045]
Figure 20 is an illustration of an exemplary table of basic QFDM/OFDMA parameters for a 1.0 ms
sub-frame for’ ARS8 M3 b Y 8t %ﬁ@é}l&ﬁiﬁmiﬂsé&frwf%q@aﬁslfﬂgtﬁg&xﬁlﬁx@af%%Hz ,

according to aacamtxbditmentehtie datsesyichnl {0 46tikigprerdityA0HDS Riiassof an exemplary table
of basic OFIDM/OFDMA parameters for a 1.5 ms sub-frame for a nx1.25 MHz bandwidth series, with a

subcarrier fref{idty hpa&hﬁ@mmaym;ﬁ szriﬁcmmmsm apehisoftiimeovidinke iplealione{0047]
Figure 22 is ap, lllsiration of R.exemplaiiahle 002 (FOMIRRFRMA PHRBRIGIRIPIGRINS

sub-frame for a nx1.25 MHz bandwidth series, with a subcarrier frequency spacing A./ 12.5 KHz ,
according to hErhlsodnrsptidinaa mventipaf 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 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. 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 a communication
system. The method comprises receiving a time domain data symbol for transmission on a
radio channel, and selecting a cyclic prefix from a plurality of variable length cyclic
prefixes to obtain a selected cyclic prefix. The method also comprises adding the selected
cyclic prefix into each 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 program 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

-7-



[0048] Figure 23 is an illustration of an exemplary table of basic OFDM/OFDMA parameters for a 2.5
ms sub-frame for a nx1.25 MHz bandwidth series, with a subcarrier frequency spacing Af 12.5 KHz ,
according to %ﬂ%mm of the invention. [0049] Figure 24 is an illustrgfionRb e samplary table
of basic OFDM/OFDMA parameters for a 5 MHz bandwidth series, with a subcarrier frequency spacing
Af c-t-, 10.94 KHz according to an embodiment of the invention. [0050] Figure 25 is an illustration of

exemplary talshe@ighasicheo PIIRIAOEENdR [PaY AfetdFe Yiste a2oPinrali B apfaatiab Seties, sWhnkrahisbearrier

frequency spasipgAfrdie B2satsdinf aRColing PaaRLMRDEINeN af theanvestiaaidORadtSture 26 is
an illustration of an exemplary table qf basic OFDM/OFDMA param%&r&éor .5 MHz blan idth series,
with  subcarRBF U Eney BSRiNG R r Vs §72 SVEFATRG 5 S0t BmbE A CBRERE inviliion. WO

2009/0524 20 kthhS2aR8#80a6d (A10bia{cFigleaRiy isfaimihgsrakiciasotiatbowithart saovemgdn
OFDM/OFDI\/{ﬁ\ process fé)rzé:rse tl? aefr me %w&%”e wi}gt&tvgrrli lI_e 1(%X{:Iic pre{g accordin o
embodiments 0f the {vention: Detaled esgrlptlon%faEg(empfary mbodiments 8%3?] The ollowing
description istpreseenedie: ¢ivainie gp sy selquwdtoddinsay; skiltdst tinepart nrmakelismtaisediratiovention.

Descriptions gffﬁ%egfg‘mgg\éiygﬁ Ig(;é:[l{miques, and applications are provided only as examples. Various
modifications to the examplés described herein will be readily apparent to those of ordinary skill in the

art, and the geerg| phicpRsdRiNed heveir 538 PehapRiird: i ailoeie Xampiaisas nEeapRlitatons
without departing from the spirit and scope, of the invention. Thys, the resenéin\(/f%n jan i POt intended
to be limited t@’fﬁ@%ﬁ‘ﬂﬁl@g H@é%%%‘a%ﬁ’ @Wﬁnﬁ?éﬁgmsm}t ?Iésf X ‘é‘peac%& ESFREISHL S8 @b nsistent

with the claimiselow with reference to the accompanying drawings.

Brief Description of the Drawings

[0025] The present disclosure, in accordance with one or more various embodiments, is
described in detail with reference to the following Figures. The drawings are provided for
purposes of illustration 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 of exemplary OFDM/OFDMA symbols distorted due to
ISL.

[0029] Figure 4 is 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.



[0054] The present disclosure is directed toward systems and methods for OFDM/OFDMA frame
structure technology for communication systems. Embodiments of the invention are described herein
in the context,phoNRRE3EkCal application, namely, communication between,a hass,&lalipeand a
plurality of mobile devices. In this context, the example system is applicable to provide data
communications between a base station and a plurality of mobile devices. Embodiments of the
disclosure, ho#E¥Er Fague of lirffiteth 1o S iR e tafion AAe RIS UEAEEM U nfestary
applications, aeththenivgibodss@asssthedherein Bayoaiserevilizad biher applications such as
mobile-tomobile communications, or wireless local loop communications. As would be apparent to one
of ordinary ski®@32hé&igrtrafeisreadihgthisodest riptiernthise AEDMI@RDAXAMptalandLe iryention is
not limited to 89&%@9%@&1%%%9%%%%9&@%%%&%%(”ples' [0055] As explained in additional detalil

below, the OFDM/OFDMA frame structure comprises a variable length sub-frame structure with an
efficiently sizad@ysieipirdis anerabia.inisifestinalyuilize OFBNIBFBMA bandvwidih; s frame
structure provides compatibility with multiple wireless communication systems. [00565 Figure 6 shows
an exemplary H78RESY deMAifunication system 600 for transmitting and receiving OFDM/OFDMA

transmissions cordance.with the presentinvention. The m may include compaonents and
elements con#ig@@dlgtl S gggbsrtaﬁr%f\lfvs# %t%o%é)nvaenn%eﬁ%ﬁﬂgrﬂe%%ﬁé%éggﬁ%éﬁhﬁ'ﬁ%&f‘ﬁ%‘i%@ #escribed

in detail hereithd titieederemmplary embodiment, system 600 can be used to transmit and receive
OFDM/OFDMA data symbols in a wireless communication environment such as the wireless
communicatiolf &iRlifarieAP 1oen Fiyskation S s sxeoplgE PN ERYidesud fase statignre

transceiver mogliyRifiddo abansotation @NieNAA8R6m 2 mobile station transceiver module 608, a
mobile station antenna 612, a base station processor module 616, a base station memory module 618,

a mobile statipeoBe rAGteNIady|entR0steatiiRlitastakionMecoFIORTItvIg £ 2310 A8Vl
communication({nogule 626. [0057 sttem 600 rg]?]x compgjg%ﬁan%/ number of modules other the
VIR FIGURS B EURATRGTS, Thad Ay BRreh RIS ke

10 C S
modules showh In Figure a P8P8y stem 600 may be
interconnectefipgeieiie g A iR SAMMUY 0L Ba (P AAR PIROL AN St
interconnection arrangement, Such interconnection fadilitates communication between the various

elements of WiHBHEENS SrEaBOT CTIbRS el et diasnitalihe intsrstemd that the various illustrative
blocks, modules, circuits, and‘proc‘essin%logic described in connection with the embodiments
disclosed heréMRhy 8L frigishiail Bt ratiograhvat & X epmiput SR YYD Mok aritenslradiaamse any
practical combination thesedhgho gleaiboilusirate thisiiRtatiangeability and compatibility of hardware,
firmware, and software, various illustrative components, blocks, modules, circuits, and steps are
described geriéf@®y ingerensdofithair flinstiorality! \Mthettvarngdacgh favietiohadlityids ORplerosdadas
hardware, fimaic. o seitvpie fepengs.unandimpadicilaranpiizalion and design sqnotraints
imposed on the overall system. Those familiar with the concepts desScribed herein may implement
such function&i¥gnfi@suitable manner for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present invention.
[0058] In the S¥8MbIEISHSFEOMPORDMESEFEEIMOE R e BRkEYstablh tabasisiveF BhY QRBMHE mobile
station transceaemefBseaghcanmsisa/ariransaniathmedeie RbcraitgcRiver maduendeat shawn in
Figure 6). Operation of the transmitter and receiver modules is explained in more detail in the context

of the discussf%‘ﬁeg?gilgure?. For this example, the transmitter and receiver modules are coupled to a

hared ant ti visi 1h ti ' 21
Coupled 1o e el LN oA DBG AN g At re IR (AR v R A he base

station antenr@BERIERHUY i h- 25 siiBie timdsididsseriad Uptek L TOETS systefn Drigdohé astewina is
required, more,gaphisticaied sysiemsRa% e Arawdadwith multiple and/or more complex antenna

configurations. Additionally, although not shovvn in this figure, those skilled in the art will recognize

thath a transmifey4)ay; apsmitito monmﬂﬂaa&n@fre&eiy%mgmaythabmtdﬁp&@ssaamﬁﬁ?gm%ﬂansmit
to the same receiver. In g TDD syste ansmjt and receive timing gaps exist as guard bands to
protect againéf%ﬁ%ﬁ%n%ofr&ﬁf‘éés%{go R é éyﬁnae\rﬁ%se ST e IR 4RSS S sBon timing
gap (TTG) is desigtien to separate the downlink transmission period TTG(DL) from uplink transmission
period TTG((JL). The downlink 1-1G(DL) provides a protection for timing variations at signal reception
in downlink transmission. The TTG(DL) portion of timing gap is also used to prevent the downlink radio
signal colliding with uplink signals due to propagation delay. The TTG(UL) portion of timing gap is used
to offset uplink radio signal propagation delay so thatéall uplink signals synchronized at the base
station (BS) receiver(s). The TTG(DL) may allow suffiCient time for a TDD system to transition from a
downlink to an uplink. Similarly, a TTG for the uplink TTG(UL) may allow sufficient time for a TDD
system to transition from an uplink to a downlink. According to an embodiment of the invention, the
TTG(DL) and TTG(UL) can be calculated based on the cyclic prefix duration as explained in more

detail in the context of discussing of Figure 14.



100591 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 switghhmay,aigspatively couple the uplink transmitter or receiver {-thgsuinkapienna in time
duplex fashion. Similarly, a "downlink" transceiver includes an OFDM/OFDMA receiver which shares a
downlink antenna with a downlink transmitter. A downlink duplex switch may alternative% couple the

downlink tranEfif#e FaspscdR df el abRimRICAMB RS HP e BhisextResio PR 6n of the
two transceiversa6:2#6081s oopreinated-dméime swueh tianiie pliakhRAMKIHAMA reBeivesis
coupled to the uplink antenna 612 fqr tion of transmissiong.over the wireless transmission link
614 at the sa%ﬁ%gﬂﬁ%ytﬁ%?ct‘ﬂé &Wr&%hi%%éﬁﬁf@ﬁéﬂﬁﬁ %ﬂ?ﬁﬁﬁ@?&t@g&‘féﬂv@wgdownIink antenna
606. Preferably there.is close time synchronizatipn with only a minimal guard ti tween changes in
duplex directill HHORSE RGBT SRS BN STRATR Je BT REM AR hnology i
both directionsartinoserskitiech i 7% artswilirefeognifer that e prewént embivditientsied, thetinvention are
applicable to gystems using OFDM/OFDMA te in only,one direction, with an alterpative
transmission tsgct?ﬁ%%ﬁ%rg)fr revan ?g%ﬁ%)n%ileA ce??zr?éz e %bpaggﬂge/dg}geéﬂoﬁ? F%ﬂlﬂoeérlr%lgf%, |§#(1)euld be
understood byhagaeirson of ordinary skill in the art that the OFDM/OFDMA transceiver modules
602/608 may utilize other communication techniques such as, without limitation, a frequency division
duplex (FDD)[88#intisiestion techmigiustioss Pf e ravbilelatativhlerarsbedie rBISNAN R base
station transcgiygh 807 5f £P0MIgEH R.cammunisatesvipa glessudRla cammUniGaiionink 614.

The mobile station transceiver 608 and the base station transceiver 602 cooperate with a suitably
configured RETSEHERGY=SERFHIRgShTE hE 63676 1 2ot ivgricstppishrdipsatidievimeriiancommunication

protocol and modulation scheme. In the exemplary embodiment, the mobile station transceiver 608

and the base KedfnFigieceivis 602 Mreagang0 eGSR ifthistsS sbarisartf M PFaMAe Third

Generation Pagagiship Brajedd kengtlasmENRINtien (3GHE UTEiwiikd&enarationResinesship
Project 2 Ultra Mobile Broadband (ﬁ?g&%UMB), Time Divisign-Synchrgnous Code Division Multiple

Access (IDSCISREAT B RisS BraBTE 1 R SRS ARRERVINGEKS and the like. The
mobile station transceiver 608 and the base station transcejver 602 ma be,con%iured to support
alternate, or 48R sreteds o BHRHEMICATh FrERRiER, RME R PATIErOVRMSSHN A EEE
802.16, such pa80@ct6€o892. Ttnsubficuse 6. dmah EBxeriplabueiwhibisded, avithabiebstation
transceiver 6Q8 may be used in ice such as a mobjle phone. Alternately, the mobile station
transceiver 6 ée%lgycﬁépﬁgg i%@%@é(ﬁw&% n?gcﬁ%c@‘{i%%@t% ?&Bﬁ sel%ﬂf:tl\éea{rgfaar%@érry device, Palm
Treo, MP3 player, or.other similar partable device. In some embodiments the ' '
ransceiver QNS RS ot i TERS Bori o SR 28 0 AN e R e A, 2
wireless palmpepoetapuiera Griotiresumdihitec dompute rd¥edides bimduifibrserdsodithenssbtheitmvention
can be imple in ile stati W S ion._The transmitter. at the mobile station
can add the \%ﬁgﬁgcbé%gtﬂgc%cg{c g%%(@zdr%%%%éﬁaﬁ%%éﬁggc Hgﬁ%%%%?%@é%ﬁ% gaps accordingly.
However, in t r intended i the i iquration of Vi yclic
prefixes of m gﬂgyltg%lygné ?sqsgst %ﬁ&%ﬁgﬁtﬂ%n%ﬁ%&%%ﬁleEgs%%igzs_ggglrcl ﬁﬁe%@!(i&a}éﬁv%ﬁ the base
station for thensrefesiassl dyelie prefAThdubeidintincanvatsign flsapartiietaenglirmpaitsframe to

transmit with the prefor RACHES RIS A00PBLMIRGRSIIIRNLIES616/622 may be implemented, or
realized, with a general purpose processor, a content addressable memory, a digital signal processor,

an app'icatiorgwﬁﬁifﬁg&t@%%eﬁ ot fisl RIRANARISfIRlG NN ABY SR R Rregrammable
logic device, discrete gate or transistor logic, discrete hardware components, or any combination
thereof, desigfddao’ p%#é?nb%ﬁévfiﬂ’fbti%ﬁ’i@%e‘é’é‘hbéoﬁ%aéﬁrlﬁfﬂ%%eﬁﬁén?@ﬁlégpl%éégo?% be
realized as a gﬂ%f&f?ﬁ%@%ﬁ%m@oﬁ%ﬂg&l@fﬂ% migraeqntroller, a state machine, or the like. A processor

may also be implemented as a combination of computing devices, e.g., a combination of a digital
signal procesggp£y) - a; fRCIPLQCRs SOk - RlUrANY & NeIIRERCERIN SoPMRH MPISMIINFPRIRACESSOrS in
conjunction with a digital signal processor caore, or any other. such configuration. Processor, modules
6161622 comPHSEPEtel¥ing fogitdthat RERHitilr & e catiiodt %%ﬁé{ioﬁgavéa%ia%%nd
processing tasks a33giatest veithidb ecoperatiodi ol D GEénsystem 600. In particular, the
processing logic is configured to support the OFDM/OFDMA frame structure parameters described
herein. For, example the processor modules 616/612 may be suitably configured to compute cyclic
prefix durations and timing transitions (TDD (UL) and TDD (DL)), as explained below, to provide a
flexible size frame structure. For example, a frame mﬁ?/ be constructed from one or multiple
sub-frames, each sub-frame is consisted of one or mulfiple symbols 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 definition,
the gap time periods, TTG and WIG, have been included in the sub-frames. This way to define a frame
and sub-frame (also known as "slot" in LTE) has greatly simply the design of a frame, 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
cro-aviet 1n the ecame ocveterm and the ecame denlovvment Ac mentinnead ahove in ecome emhbhondimente



memory, registers, a hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. In this regard, memory modules 618/620 may be coupled to the processor modules
618/622 respgriivalysyeh) that the processors modules 616/620 can read jyorpatigndios. and write
information to, memory modules 618/620. As an example, processor module 616, and memory
modules 618, processor module 622, and memory module 620 may reside in their respective ASICs.

The memory BIIELes1%B 6 307 dlPsifes Beahtddrdat-thoming AcREMIRERIYES Bresrsrin an

embodiment, ¢hatingmehivetuleutd S/HRA MapncidBApeeRheaBIcFIRY O ESIYIN dRINPOIRTY
variables or other intermediate information during execution of instructions to be executed by

processor modufdd¥he/622. Memory modules 618/620 may also include non-volatile memory for
storing instructions to be executed by the processor 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. MyadeatDiskiHip thal aNEtehpiiap Tsabodiayehes configured to store,
maintain, and provide data as needed to support the functionality of system 600 in the mariner

described bel GIgg\gqrﬁ@wo@Hga&ﬁsgusﬁJi@ep%@@&% K108 BlasalAatahase ARl e

processors 6 or may be a remote database, for example, a central network database, and the

like. A frame &ruBiife Hitabisdhmadl) sEtUhfighrserfinnirrhispssifio lamsratishniqass stscture

parameters aggxpldined Helowsiadhismanesafiarle Stieil erfliRasenmay theludendpleokup table
for purposes of sto{)ign frame st ugture pagrameters. Oot%g] The network communication module 626
r )

generally reprSSERRSIHEITH didr&es r PR A el ArgaG i dibrst3sy @8t Btnents of
system 600 thehenhlpitimdite détinall domuaunicatiendpetivéan hake siriiaplétanseeaiypli@bidnand
network components to which.the hase station transceiver 602 .is connected. For example, network
communicatio%l%%éS%’%ré‘g#g)fb%%%ﬁga?géct%gSﬁ%rﬁx thrh% '(?Mhﬁ%)ﬁ?g ﬁ%cf \r’fsat C§/i[l:)|18al
deployment, withauttidgaitatdohs neniodkteoirrxaivatisndesodond dRE&irovid eb@vn8 ORI Ethebnet

interface suc%@gﬁp@ﬁ% §E%ggqg;gﬁ§&§iwhqggc%g]§ommunicate with a conventional Ethernet based

computer network. In this manner, the network communication module 626 may include a physical

interface for cppBgLting t,theeoMRMRERSIWRIK {adeMoRievitghiRehCentar (MSfods [@866] Figure
7 is a block diagram of an exemplary OFDM/QFDMA transceiver system 700 (e.q., transceivers 602 or
608 in Figure %?M%ERM@C%W@ LeFira dednplage %tﬁOMB?ﬁB%ﬁyéFﬁ%digr%‘@hf’%‘ﬂﬁ‘étsinvention.
Figure 7 repregehtsiaveneidioaréodcacidieg hnrdffiziahtycsized oydie pratiictd arpaiiv/QIRIWA frame
structure operc%ble 5% i%gte(%i e géﬂi%%QsPE’t'\é'{%FD&"ﬁ fr}gﬁpecl) rangmisdsion barfd\gc\ﬂdth. Ittist
understood thatr,nfﬁe sys%em 7 may inc ude audiionhdrEdnhondnts and eleiients Cort |rgllf?{e’d to
support knowthoesongkengotial opepatingble dtursyidodahecsakauofdatavisyhatwrve atimsalstedbmiques
and componefs relieehio dc!9'@Lﬁi@?&ﬂ%%&es,ﬁmgoﬁglﬁgn@? 8@%?&&%@9&[‘9{&9&%@]%e yelation

techniques, spreading/dispreading, pulse shaping, radio frequency (RE) technology, and other
functional asp&gtiedria tishnBRRISEI ST PN Ip plivissts ommmBnicaiiem arpbicationst e dhibed in

detail herein. hag (AEQMIAFAMASY 410 digiially-Hanssmits apgliaeshesdatairsiasshy to and

from infrastructure devices using IFFT/FFT techniques. A discrete Fourier transform (DFT) and an
inverse discref®RUSLTRIPTAMSRIRAS I BIFTSless 1Berlioon SmuRURIEatiniive’tS WRPEFe ARRPTRIE T
respectively. [OQ641 dldenSf [IUGHE MY Ardligital iatisgehie dsystioavd O declidasadfassnipres 701 and
a receiver 703. gqg transmitter 70]1 further includes a serial-to- ar%{ﬁ converter 702, an

OFDM/OFDMARTSHNET % K S o BAAISG ELARASFE (S Ky HBAEIRF S T he OFDM/OFDMA
module 704 ingliaes,an IR TG FQQQH%ZIO?&%P@%%@'%@%ﬁ@%ﬁ@fi%ﬁé‘%ﬁﬁ@ cyclic

prefix module 710 toupled to a cyclic prefix selector 709. The receiver 703 includes an

analog-to-digitaiusivertey {AaDy trodthesvi-dtame inverssOrtVIO ESivigniycaizasr pveliulprafl8, and a
parallel-to-serigl.comyestefrd 2R Theye SerRTBMNRDMATaaslverivedule {&ipLydesi@semove

cyclic prefix module 720, a serial-to-parallel converter 722, and a DFT/FFT module 724. In this
example, the GARBHRIER 70 TaRYltHRcadsioeT CPOTHEF SPRISYAG P ceive data and other

communication signals via ultipath propagation channel 714 or other ch Is %Ie. ., 614 in Figure
), 100681 In tHEHahENTE TOT° AL S PR HRa SN SBTHB ENPRBBIS), (o Rspbiig to
serial data symhiblsc202ng BN/ QFISNGN Hartedt skitmiN O paraitdboataviyimbols-¢carréspaniing to
parallel data symbols 2184p Flgyre 2)Rvis sariakia:paslish conyerier 707, The seuice data symbols
D" may, for examp e,ebe obtained from an onpglna data source fe.g., text mesggge) after source and
channel coding, interleaving, and symbol mapping. After serial to parallel conversion 702, the source

data symbol -17- duration Td of the Nc serial data symbols results in the OFDM/OFDMA symbol
duration Tz, = Nc * Td,




[0069] The parallel data symbols are then modulated on to Nc different sub-carriers (206 in Figure 2)
via the IDFT/IFFT module 706. As explained above, an OFDM system modulates the Nc parallel data
sub-streams %9(,%ﬁ'§%6carriers (206 in Figure 2). The Nc sub-carriers hgue afigdiengcy spacing of
Af = -1 in order to achieve orthogonality T" between the signals on the Nc sub-carriers. The Nc.
parallel modulated signals form an OFDM symbol (210 in Figure 2). Depending on the transmission

media and theamaanbeRBaPRRIALHE Satsrs 208 cvadentiidy, finseiadple, Biptb hooe .sulbtdhters as
explained in rgasg detaibhelonmifl HkithesaddLy sl et mapdHieahdQdsthemrpRY radd.a cyclic

prefix to the output of the parallel-to-serial converter 708. In order to completely avoid or significantly
reduce the efféifs SYTEPA ciftli@ prefkSF dGPRBHPIREH MRy B HIBEITRY Suthedh difackifeicss
OFDM/OFD M siolsi ¢A0inrbiguse 4)00T e @yelic)prefiseng asion geasranetesmmisea heget to
various valuestin order to efficient%lsiﬁihe gxclictgtr.efix t(t) effe%%%el uti izle OFDM/tOFDI\/.IA
bandwidth. A& %E%%Ifa‘iﬁaélacgﬁlg\r/é? A cfc iC pr%flx ik ciloc i@EBAsion & %*gchedﬁ"ﬁm’ s§/ar1rlﬁacgf\’/?/f1ich IS
obtained by extehdingOheaduchiierscfiom QDM §YMiaocbis: Tsatmniipecs®s in@tdo@lanebaith one
embodiment of.th% MERIAN BRI S AR asRiingiie.onemAeAnent Aldpganon. the
cyclic prefix values are selécted based on RE channel conditioris, In this manner, the cyclic prefix is
configurable évesriper syedsln 63U apibyaatwatebpaNsitig et 62e of bandwidth, Accordingly, a
communication system can select various effective cyclic prefix lengths for the base stations in a
network, and H&/5Gyp6H SREBRY &%ﬂﬁrﬁ%ﬂﬁﬂéﬁﬁ'sﬁ?f(ﬂ mduss: Bhee B madelss thowedbork.
Furthermore, piga@Bumealiomsystemsaaysepposl diffare ot cystienpeoiixangibshrdiferriddownlink
and/or uplink %:’Ub{ rames for the same base%.st tion, A vg%b%?’é:gclic agrefixtl(%pegthtallows .base
station to chan°§§ ?rc%sﬁ?i%ﬁr RS %I%?ilcl:nbcraeﬁ%? ﬁlrsa(t?o%’ oF difterent Cormmunica |%ﬁrﬁ%%e§ 1s(%:nenarios,
thereby increastaggtieeiiand@udth efficencyc(oy Hayibidlee spstemnikaiexdreqmeswiten genomrunication
is in a channel,wit ' e ot cycli ' d to
eliminate the %%%%%ﬁ%‘%%%lﬁgggg\%l@ ghﬁﬁé?%@%%ﬁ?n?ﬁ%ﬁi%@vﬁ %%:it?ggt g?g%ﬁlc%@éclic prefix
can be used illstatite herkasmertilssate(Wits/sed prenerto tepgie dvetihed draprnpebem gsibn power.
10072] The agg yrliGREeThaRdied HAIMMSC S SR A¥RHG RFEAX YRUIESRFLIBL XSl Prefix

selector 709. The cyclic prefix selector 709 may communicate with the processor 622 and or the

memory moddREEET (o BBEH Y afie®ibPireticotIropanRtien thsspiple] théliaiie RS s 8%hond to
the cyclic prefixiehdration pigedeshfordagrsbation soveragarel haryolie prafik sofectes, 70 wilsthen
brefix auration LAY & SOOI a FE e eTeat A A SIS RAL ST 8
deployed, for exam ple ticire fimboivntBrys mivbetiver ofcth éubeisenstayian poplementplifierh@dawyatonly
covers a smalharea or a h%—g&g}éT e eu%as}i é)ls&retggl &%ﬁﬁm%s Y 1)[(%( %II é%qgﬁf%%mirﬁr@emto BS

and the associated mobile stations SHo ect a small cyclic prefix (out of the different length
options) for thisngosedliek Bradoupiitksssionfrarheeseramilitssigh On thecentrederaribicd beniscrerbase

station is deplgysgnfipdQ NG daiestansmithewr philG maxagéaﬁhagwgp@mm%&%mhe base

station can group the serving mobile sfations into different groups by their delay spreads (determined
by base statiolFrreeriadesdipsisitamydouldwebbe &@ﬁﬁﬁ}?ﬁ%%&%@%ﬁa@ﬁﬂ%‘@&ﬁ e &he TR different
groups of mokjfestatiaasiniegifferent sub-frames with appropriate settings of cyclic prefixes. The
cyclic prefix is just a copy of the end portion of the useful symbol (T"), it is calculated and copied on the
fly. The cyclic jos8} attiesxaaylbs GTI3RGE M diepitysizelttedyckcatafixttenettdotively atdize
OFDMIOFDM}, banguiid(h, while providing gsframe slrshure comeatible wih mulipls wieless
communication Systems. 1iéhe specitic cyclic pre?lx values that are used are discussed below in the
context of discusditn @oFihores MEigure 6). Operation of the transmitter and receiver modules is

explained in more detail in the context of the discussion of Figure 7. For this example, the
transmitter 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 division duplex (TDD) system only one antenna is
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[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(t) with duration

Tsym . The SW Ayefeyrm X(t) is up converted (not shown) and the RF signalis ransiufted to the
007% The out

channel 714. put of the channel 714, after 12F down conversion (not shown), is the
received signal waveform Y(t) which may include ISI from the channel and RE processing. The
received sign&HHGsPRISSORMSHSAGH SITEBG-FAY RftRI oMk IR Ui SaHormAssstdiRe 1', is the
received signah¥fi)Saspladalrate Aldh samplinendebrasetaihd o depenifReeRSSANIIRINSUre
proper NquiSthg %rrrt] sz”{l]lgrgc)gépl?zg ’3}2% Eiattrem?sfn};tter may transmit to more than one receiver, and that
multiple transmitters may transmit to the same receiver. In a TDD system, transmit and
receive timing gaps exist as guard bands to protect against transitions from transmit to
receive and vice versa. For example, a transmission timing gap (TTG) is designed to
separate the downlink transmission period TTG(DL) from uplink transmission period
TTG(UL). The downlink TTG(DL) provides a protection for timing variations at signal
reception in downlink transmission. The TTG(DL) portion of timing gap is also used to
prevent the downlink radio signal colliding with uplink signals due to propagation delay.
The TTG(UL) portion of timing gap is used to offset uplink radio signal propagation delay
so that all uplink signals synchronized at the base station (BS) receiver(s). The TTG(DL)
may allow sufficient time for a TDD system to transition from a downlink to an uplink.
Similarly, a TTG for the uplink TTG(UL) may allow sufficient time for a TDD system to
transition from an uplink to a downlink. According to an embodiment of the invention,

the TTG(DL) and TTG(UL) can be calculated based on the cyclic prefix duration as

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 transmitter
or receiver to the uplink antenna in time duplex fashion. Similarly, a "downlink"
transceiver includes an OFDM/OFDMA receiver which shares a downlink antenna with a
downlink transmitter. A downlink duplex switch may 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/OFDMA
receiver is coupled to the uplink antenna 612 for reception of transmissions over the
wireless transnﬁssion 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 many OFDM/OFDMA systems 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 in only one
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the data symbols D" with duration Ts . [0075] Since 1SI may be present within the cyclic prefix time
period, cyclic prefix samples are removed via remove cyclic prefix module 720 before DFT/FFT

demodulationy Fhg badzfsge part of Y(t) may be converted to parallel data gymbelsoylgssgsial-to-parallel
converter 722, and demodulated by DFTTFT module 724. The output of the DFT/FFT module 724 is a

sequence R", which is the received replica of the original data symbols D, along with any transmission
errors. The redgsgEPIayithctpdisiebs e tesmingonsirhnose W6t SG8tiada KEsBcYuEh BE channel

gséi[f)nl\j;ioogb T/IW lc[}?@@c%ﬁ. @i@tﬁ&ﬁﬂb@jﬁ}?s}ﬁiﬁld{@@&h&iﬁaﬁ@ Byisa%ﬂé&gt{)ﬁtliﬁﬁrﬁi;‘}aékﬁkﬁrnp?ry
signal frequenc in_definition 800. As will be explain elow,.the choice o

sub-carrier fréaﬁe%ytil?ﬁhg“ﬁﬁ#&?@%ﬂ%éigﬁﬁ?ﬁ@dﬁ’én@ﬁ al gﬁéﬁbé“ﬁ%e&?é%%o? fig to an

embodiment ebiauniceritansdmigsey et guenritiiaoimpatibdity afitdyuetejedsismmbuphig gD tandards.

The OFDM/OFO%MAﬁI;s,iﬁ%QaI f{ec%%%u%y domain definition 800 may comprise a nominal channel
transmission Bandwid @WS , a subset of signal subcarriers (NsIG) 804, a signal bandwidth

(BlYsic ) 808, gggf] S4R-GRASHEE (R&abB10aaart S WagartiarsiRl B andiaisaMpliRgefieAuRRCYLS ) 814.

In some systems, the DC sub-carrier may not be defined. [0077] For a given nominal channel
transmission BEHEWEth (BYITBORIcRS BSet oV ERlEHI P COMBISaEBLIBK Lpturalitf drbilfcarriers

806 may be ugggdqo matehithe bandwidieobikie subsariaie804rtethechnnel WaARSMGRIMNY
bandwidth BW 802. gge subset of si%ﬁal subcarri@? %géé%éeferred as signal bandwidth (13W310)
808. The plurAt 8PS0 &irr VS Es THAYSHERAR O EAHiERRIE) B RFUMER CBREEHS no data.

Subcarriers outsigieutheasignatdandvindhniddawiiiba) @B8nikat aietitotrwaadiangyesbndEmsmguhed

subcarriers 812, e pyihose ot e, 0uped subeaials B8 o anable esignal o faye s smooth rol
off in the timen&omain.Lg[‘ i a}r’ﬁlgure iS an llustration ot an exempllary time domain Sym ol structure
of an OFDM/GHDMAIsipsE). Fipdradd HhebtratéketAdipbSitneritp nffatyaisbiprfiydet thengxEemnplary time

domain OFD%éaimmgI@@ﬁi PedORRIR SYmbal Sirveiie A0 meRrises & s hil-umaaldme (Tr, or
T/) 902, a cyclic prefix 904, a windowing period (THIN) 908, and a total symbol time (Tsy,,,f) 910. In

some system&3 ¢ vikdRIng! pesioB sy el edCdsickP At e Yedted adtRtdoling period

having a valugebzgrg; W W ireQsi0RSbAetima i umtionafwase el PN symbals tadbe
transmitted by an OFDM/OEFDMA system is referred to as the useful symg% time (J ot%{‘ 'EFT) 902. A

copy of the entPE SR SHAN LARSSTSEASE Gise'hs hes PR BrosSINE QAT Br e RIS Y64, By
using a cyclic exensian diesqapladitised, toipgeedatihe hntdienrpesiteiscarnlhditgkfamanywhere

ovrheenl g xendedsyaue. T s el a8 gee

cyclic prefix 9embmtinatither encbié 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
computer, or other mobile computer devices. In further embodiments, 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 cyclic prefixes and understand the changes of the
timing gaps accordingly. However, in the current intended practices, the dynamic
configuration 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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symbol time 902 to reduce signal in-band and out-of-band emission. In this example, the total symbol
time (Tsvm) 910 may include the useful symbol time ( T" or T /Fn.) 902, the cyclic prefix duration TO
904, and a wigdowiggpsyjod (Twm) 908. An inverse Fourier transform (IFEExRf3.68h058FDM data
symbols in the time duration Ts ym creates an OFDM/OFDMA waveform. [0080] As explained above,
many interference sources such as ISI, ICI, and multipath, can have an effect on OFIDM/OFDMA
system perfol#¥dt & remssaesefeland K bre Brhasripneaenitroniertirebardtctersneiat define

the frames may-pise Geiermtle thechidAMARLRRAbRN XmhdM/OE DiviAaYsiena Atrrdaell myst
generally be made between resistance to interferenge and data transmission capacity. The tradeoff is

determined b§PMEHBCEPER e PHERIEle I BIhG a0 FOHAS RN e AR A5y IR Srefix may
improve the rprifipatmpidefotapancectitt, redisaettheganerall thepsghputlefithe dysiamn andieuerall
frequency efficiency. [0081] Figure 10 is an illustration of an exemplary QFQM/OFDMA sub-frame
structure accg%lllﬁa %L%h %[]maggd%néjlﬁltng ' nellr?\rl%ontigﬁ?lﬁ%? r?f)s %a?n%e%%h%uffggﬁ%ﬁ%%fg sub-
frame structubsreompgrisbs anghugt, subrficasser 100R ba regukat sub-fagrmeb04en ongnsuberframe 1006,

and an opriongl IR RIS GAERSURHAMaANR. Al0JisAdilAMS MR dMed.nio twenty

or more short sub-frames 1002, ten regular sub-frames 1004, or fivelong sub-frames 1006. For a 10
ms radio franf@BRIMEQIPETRMPRNg dRGACSUD FraniemMIOotinEOh 2idigitd hiend Brasesseaptifr

sub-frame 10@4chasRAAlQN phulams, 37dRilongsissbamenkoQs has duiatiproetidns.ipther

numbers of sub-frames that don't necessarily divide the 10 ms radio frame evenly may also be used.

In this case, LYUP RN the b HERat. REBTSSSANANE: 2 forg s BhamiE & HEEL W ong
sub-frames eaefeyviilt andiiaiiost 662D omaptikeprodesiataldieeiof iecsubefrrmes dard o6, which

leaves a gap Pf 1linsin lig%adio fram%. The ogtional l%\% chi rat?eaub-fr m?h1008 may r<;;1Isgfbe used.

A low chip rate ré(i} S-trame ]&fersnayaﬁavé3 ?%Fu?éﬁ%)nt% .6 Orﬁls?, and“z’allt 0 in€ radio frame may be

divi.ded into 1@%M@EMMW&W@%M&M$M@O&WM@B®E§ mgigémc&ﬁ@eedub-ﬁlmmeQUration
options may %ﬂ@"bﬁﬁ%%&“ﬁ%ﬁg S&@H&tﬁkb“%&%ﬁ@‘c’ex%yﬁé%&‘iﬁé)é) 19 %9“%&@%51%@1‘&%@““ other

systems that are based on various industry standards as mentioned in the context of Figure 6 above.

[0082] The franesessaichadissoRA£d Eamap Assiitabistronfighpie WikerapytesHviupieBlclrelistems. For

example, the Jow ghip fatamuibiiameb 08 duratiamef @Iﬁjgf s ialevwaempriibiivigith the Time
Division-Synchronous Code Division Multigle Access (TDSCDMA) OFDM/OFDMA radio frame

structure. The iSRS SrTRe 1861 Wiati6RT SRR may TAMSW RBH S PRRSHRRA SieeroRe Beneration
Partnership Projiiié onig Fenes, Basolution (3@PR kdiks)sQF MR MAltakosfiabes sthdaiutmgand the

like. 10083] Fi 11i illustration. ) lary OFDM/OFDQOMA radi 1100
emording to A DUTGREDISHE F e SO RBR LD MR Gl Thok may

include five eiéfﬁpIB@sédamgthhumweigﬂﬁiﬁanlngplﬁﬁ;elﬂz%oﬁnd“ TGlﬁm_]’ h@ﬁ;ﬂi&ﬁ&fﬂ:@gnnay be
allocated for “Réﬁ&ﬁe%r fﬁ%@%ﬁ}ﬁ%ﬁ&%@'iﬁé&”ﬂ SRk IAM e SHHG aes&é}_gMy ﬁ@‘é’s%?&&%%s of

alternating upiln regular sub-frames (shown by arrows pointing up) and downlink regular sub-frames

(shown by arrésies” poikiing Hewnstpatthsisudp b alesizipiry framee suditraie i TOFHIoswaléexBkeries of
alternating upfigk shorRURdIAmES aaskaowHik sher sbdipmes s Ean e thesamaLPIink data

rate and downlink data rate, but in contrast to the first exemplary frame structure 1102, the second

exemplary frafigsuititime reriod ars e wsdaeya SutvErmee pittoditierant Quitly 8888518 G808 6Kish increase

in overhead, aneha d@WeEjRBRGYDERAISE Abie SRRy Retmeensib-ianas. soawenlptansys useful for
some applications like vocaoders, wh%re timéa delay is critical.,
the processing logic may 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 described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in firmware, in a
software module executed by processor modules 616/622, or in any practical combination
thereof. A software module may reside in memory modules 618/620, which may be

realized as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
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The third exemplary frame structure 1106 illustrates a series of alternating uplink regular sub-frames
and downlink long sub-frames. This can give a greater downlink data rate than uplink data rate. The
fourth exemplagy, fi@mns sigucture 1108 illustrates a series of alternating uplipk shoyssidasirames and
downlink long sub-frames. This can give an even greater downlink data rate than uplink data rate. The
fifth exemplary frame structure 1110 illustrates a series of alternating downlink long sub-frames with a

uplink short STBPIFAYEEISEE- AT Aidleoitaar ke ek PR 198 YsepticrdPap ShEHIAHS like an

Internet downjad,Whesesmalcantrnl ¢omsand maltemate itk krgewehpase @awsioadse In many
real world situations, an%éi)articularlﬁfor muIti_pIEf accgg.s sgs ems like OFDM@che ir n}aﬁ/
synchronizatB S ap RSSO B ATIHESPES 1R EY AHERH Ehab HiH FRIESIRRG RO § Bt &Hing
variations. [0084] Frifpufeafidnistrmi)luatt aditire ohsrexsm play b/ QedMA 6lfitREandidoanlink
frame structure 1200 accord%if%g ntlg uneegqgogri@entngg the g)r&\ﬁ?gti%%TQgcg)ngl\I/ll{Of%l\g uplink and
downlink franfe StructdTe T200 includes a téwnlink sub-frame , asingle upﬂn sub-frame 1204, a
last uplink subnéraenemodes 436 mayugshitk SuthdiarerpccPios ASAEN- sUe frzamery 20090 uize 4186%)1208
includes a plygality Qf symiaels 1240 J008R] fibe.Aawalink.subdia/RR 1247 hasAdtanaeissian timing
gap (TTG) for the downlink (TTG(DL)) 1212. Transmit and receive timing gaps exist as guard periods
to protect agaTFSIIFEMaIIHs AP dReMiRt e aciehaime MRe VRISIPING POIPPLRIATEPKE 971 G(DL)
1212 providegaaprotestipaifas timinevasationsmat siapaisaceptivrrantblowyssufiicdentdms for a TDD
system to transition from a downlink to an uplink. A TG(Dg%/g qu:portiotl‘l of,th%f,- ansmit/rleﬁjive
transition gapPERHBLBA%HSH A8/ Bown ARRIARTS-FRoftEes B08E T EBIARh & Sn g Tﬁ%liﬁﬁns'ﬁ%% fne 1204,
there is a transenissiofrtiningedagateashebeatthediangnissicsdar gl uplifkXub-frame 1204,
since a single uplink sub-frame 1204 is both the start and end of its series in a frame. The single uplink
sub-frame 12{196#S\etrans missides Hifig Qapyanthsieplink(@ TGN} daabpsenoret shosivkiransmit
ransition gap,(RTG) 1216 Acsording. io.an, embosimental Bz inuention. the FIGULL 1234 and RTG
1216 provide a protection for timing variations at signal reception, and the TTG(UL) 1214 allows
sufficient timelfiFbasTDmay e eanfipwaA SRiSATRIRTEEGHIRIGY 4R SRR D&et wPROThEortion of
the transmit/regeiNe-HARSHINNGaR 6ontHhuted masn deeplnkaub-ramRThe Rt 2k6atiaws a TDD

system (Figure 6) time to transition from an uplink back to a downlink, Since the necessary timing gap
period for RIGHBHEIRARIYSAPE FRBRG AN HH &S\ B GRYIE 6*?/5%%8%%%%5? Esﬁ%t%an be set
to 0. In theorythe hasastatiompiay dake@ti) enywsikalhpbrion afithbecyitlc prefiktneestorcswvitching
from transmitting to receiving mode, but it is.typically.up ta the base. station tg adjust when the uplink
frame starts. I‘#%R%S%% élernc H%%H%dﬁb iﬁﬁlf?{a%ﬁé%%dgﬁt%ﬁng \ll%rh(gtraa%etlsrﬂrg%grg gé%?%ﬁ%asation
delay, therefoeeihere ibatoore thahisufficient 4ifrrefostiuetio datbastioryoissitsh fronkeaibiitting
mode to receiyg%gu%gge% \g@@g}&gmgmg&%%ﬂ&&@gx for transaction. When RTG is set to 0, then
o Hng. ‘

the system desi further simplified, then "single uplink sub-frame" 1204 and "last uplink sub-frame"

1206 become@%ﬁaﬁi&% JRBNAT oMK ST aReeL WD ONBE TR kopkaBis[QR8 Tdaththate is a
series of uplink sub-frames in a frame, then uplink sub-frame 1208 startfs theg’s,ﬁﬁéﬁnd the last uplink
sub-frame 12687RHS MEYEePPAEHIPENREG A O oD BRI th & S gftTe@f%JE) 1214,
which provides; atissedgap @ alewieaibD trdieaystams bastostatiansteitrangition froin trawskit mode
to receive mode, and a TDD radio S)%stem mobitle station %ﬁ ransitionc[rgmlzrgrcee)ige eod%ttoo'g(ansmit
mode. After tHETRASAEHO SRS AR RE SR RO RN Shitte & SO SHrinid hay BR b Hames
without time gapsmhoicthierdasbdulb-tCxmejrbthe ufiinked arieppattstaptink Subfakieizooisa
transmitted as explained abave, which seli [ : The ovides a
time gap to alfg\g} %‘?@B’%’J&?&%@&érﬁ %ta?gtla% z%gé%nﬁ%%%gé@%%gﬁ%}n%éﬁg{%g%ogzé[? fg‘agr%é%m% mode,
and a TDD radi® yEtbemeiobiksfetstionhditrabsisoriatiomttrasesiverntdd <t rosamaipsaeyificéording to
an embodimept af the inventipnyalugsder e THG(Olkasg TG Uil can basaloulatedihased on the

cyclic prefix-duration as explained below in the context of discussion of Figure 14. [0,088II]1 Figure 13 is
an illustration STEF EXEFPTARCTRIDMAS FEN ARDNGH & R rhiteieed HcsPangtsaileMbodiment
of the inventiogsnThepREMRAK A0 rrpiee B3R lisnd Tmier [@1E))1302. It starts with @ 0.675 ms
optional sub-frame 1304. Then a 75 us downlink pilot (DWPTS) 1306 is transmitted. A 75 ;Is gap
period (GP) 1308 is allowed between transmissions, and then a 125 us transmitted uplink pilot
(UpPTS) 1310 is transmitted. Then 0.675 ms optional sub-frame 1312 is transmitted up to the end of
the frame 1300. In one embodiment of the 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. [0089] Figures 14l 6 illustrate exemplary tables of basic
OFDM/OFDMA parameters for several channel transmission bandwidth series according to various
embodiments of the invention. The OFDM/OFDM,A parameters detail the variable length sub-frame
parameters of the OFDM/OFDMA frame structure. As explained above, the frame structure may
provide compatibility with multiple wireless communication systems using an efficiently sized cyclic
prefix to efficiently utilize OFDM/OFDMA bandwidth. Note that numerology specified in these tables is

for avemnlary niirnncecec nnlhvv and othar valiiee faor the OEDM/OEDMA narametare mav he 1iced



100901 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 transgissigyRapgwidths of 1.25, 2.5, 5, 10, 20, and 40 MHz baseg qiaulitpissQf 1.25 MHz.
Figure 14 shows sub-frame duration, subcarrier spacing, sampling frequency, FFT size NEFT, number
of occupied subcarriers, number of OFDM/OFDMA symbols per sub-frame, cyclic prefix durations of

each of the suBM8niaguisna it Rgekdeme airaticheamie TR M S FPAR USSR R FESt8Reach the
sub-frames. [009Y4.EherkfsdeBizs B2 bor 608YOE fie: Falleapayebefifuedhatisc.eoreater #an the
required number of signal subcarriers (804 in Figure 8) needed for the sampling, frequepcy Fs (814 in
Faure ) for flo RO RBIA Gttt (ol SEaiBle 8PS (ARSFHEUoA LS SN, S 2
carrier spacingfiikfient@.Skida |, dhdiceguifed munbe OFRWQHBMCafraais (BdkinrEigpeea8)ecam be 100.
Then, the FFT size N, Err.is e ichis. t mallest power of. two, (i.e., 27) that is less than
100, 1o0s2] IR e B e S e
channel transtissiisrbafwieith gl add Benaiheotviomental sod rebeawsis coudigeheit Af sorpomstant.

This keeps the QEPM/OERMAsymb dhiationdufbsed. mipichds indepengentof chanaglzystem

bandwidth BW. T sy m (T sy TO is configurable based on different deployment’scenarios, and
therefore maked8idftg U CAMRAFRE iB5HERE off niti&H 1ayjera! PPestapIsushy H 288 m may

have the Salm@l%@ﬁ@ﬁmm%b S aoﬂ;d@mh’( aa)ést@mu@@scgﬁ&i@rn@aisga@amggirﬁum Miﬁgp@%@ug is
proportional tq the chan andwidth (BW). A 5MHz system can migrate to §.10MHz system by
DG anot EFEFIIS b BIPAYERLA bt VB BUaFY SR i WG GRS Giaciacent
channel interfesemoadayssifivbly spstking @0l sehesr deseribridh agdaalibeanh cfherOFDAAOGIAtIEN can be
done with the same e statign and mobile station, as;long the bandwidth filter has been. designed for
a 10MHz chaﬁ%g(e{{nhﬁéraegs@r?gy t%aaﬁl S 1asn3‘%?:&%%?508?3?4%“5%?85%&2#5&.ny"t e vlvn(% 5%833?}1%% divided
by 12.5KHz ed@nmswgm&@mm‘ammman@@mm %Dﬂﬁ?éiﬁ%f%é&ﬁﬁ)@@é@i@@&%wkeeps the
costs low. [00§3Lindhis,exarmple AP &y QRERM/QFRMASKSIRD Witthariedsuhsagrier

spacing value Af = 12.5kHz may be used. The Af =12.5kHz is chosen because it can not only divide
the common &REsABY$H&ter of 200KHZ evenly, but also divide the alternative common channel raster

of 250K1liz evenly. Thus, a fre y spacing of Af =12.5kHz can divide all RF channel] evenly without
unnecessary fé@:ﬁ; eﬂi%ﬁ%%%f%%ﬁ%ﬂ?f?ﬁ?@%ﬁjﬁ%ﬁﬁ%ﬁhﬁ&t%ﬁ? AJEPBGRYH Lhand
technology will kaveamifihulThintenseharnDinferfese tedud€s)a skriplhafadjat ectwirtzC2itiess are
orthogonal to imilady, Af s101(Kz, 201thz, 25kHz can serve the same se, The higher
the ATis celecig ML RENENHETIC 10d B8 S SR SO S e SRR e A
mentioned abOV& M Gidivelunndylel dthimedndeDMIDF OHITN Arsidgral T9madeandlof oridsogbnal

subcarriers, apg, the NUBOERELHIAE SHRCHIIEES YIRS 1633.4pRA Y e?%@ilctgrgf& E&1dcRIZGINEE, ).
For example, the FFT size ( NEFF) may be in a range comprising 128, 256, 512, 1024, 2048, or 4096

subearriers. 10b@2ecqiNe S pelydre gicraogste-diggal qopvater ¢D) pdpks: (7 140 @5 IPERIHZ) can
be calculated bapad/orthe ANkandAhusing 1he RO BIUBLIRRE] converter 726. The inverse

OFDM/OFDMA receiver module 718 includes a remove cyclic prefix niodule 720, a
serial-to~parallel converter 722, and a DFT/FFT module 724. In this example, the
transmitter 701 and the receiver 703 can send and receive data and other communication

signals via a multipath propagation channel 714 or other channels (e.g., 614 in Figure 6).

[0068] In the transmitter 701, a serial stream of N, source data symbols D,

(corresponding to serial data symbols 202 in Figure 2) is converted into N parallel data
symbols (corresponding to parallel data symbols 210 in Figure 2) by the serial-to-parallel
converter 702. The source data symbols D, may, for example, be obtained from an
original data source (e.g., a text message) after source and channel coding, interleaving,

and symbol mapping. After serial to parallel conversion 702, the source data symbol
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Fs = Af X N EFT 10095] 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 transtoransizs,N n A subcarrier spacing of Af =12.5kilz has a pgepaity (et sQe6, trade-off of
cyclic prefix overhead with mobility support and achieving reasonable frequency efficiency. [0096] For
a given nominal channel transmission bandwidth BW (802 in Figure 8) only a subset of subcarriers
N10 out of NHuragcacEupicdiddY sigeril sarrdwittie B wsiG iirbe XM A inbebdarmBaibodiment
of the invention the number of occupied subcarriers for a channel transmission bandwidth B TY of
1.25, 2.5, 5, 15, 20, énd 70 MHz can be 20, 100, 200, 400, 800, 1600 and 3200 respectively. [0097] As
explained above, in addition to the useful symbol duration T, which is available for user data

transmission, [AA64idihe Rarabishisaotmbely achsbredbaisd oft dn I Eidrrar s byemeipiefdfoThe cyclic
prefix duration is-prepended to e | dupati . ' to ogbgg r the
dispersion int%ﬁ%&g b%/) tilg c?ﬁ%?%%frﬁfs%%r%éﬂg%dqgé 'thg Qple- s@%%éap%%gg i?t’e?guse algﬁasgegttir%nsmitter.
Thus, althougih@itdseds@eDNY QEBIMAistantinkteaatiam of T&-yiolb=ciE FWINGsrerinploy2d fOre
transmitting an OFDM symbol, the useful symbol duration: Ty = -1 is available for user Af data

transmission, 7, is;thecaiose salled theuseiyl RERMIOEPMA symbaldisalian. T heminsdawing time
period Twiw is optional, it can be set to 0 in'some communicétion systems, such as the IEEE 802.16e

version of WiMAX , , )
between the signals on the N, sub-carriers. The N, parallel modulated signals form an

OFDM symbol (210 in Figure 2). Depending on the transmission media and the network
bandwidth, system 700 can employ, for example, 64 to 4096 subcarriers as explained in

more detail below.

[0070] The add cyclic prefix module 710 is then used to add a cyclic prefix to the output
of the parallel-to-serial converter 708. In order to completely avoid or significantly reduce

the effects of ISI, a cyclic prefix of duration 7, may be inserted between adjacent

OFDM/OFDMA symbols (402 in Figure 4). The cyclic prefix duration parameter 7,; may

be set to various values in order to efficiently size the cyclic prefix to effectively utilize
OFDM/OFDMA bandwidth., As explained above, a cyclic prefix is a cyclic extension of
each OFDM symbol which is obtained by extending the duration of an OFDM symbol to

Tows = T, + T, in accordance with one embodiment of the invention.

[0071] For example, according to an embodiment of the invention, the cyclic prefix values
are selected based on RF channel conditions. In this manner, the cyclic prefix is
configurable even if a system is deployed, thereby allowing efficient use of bandwidth,
Accordingly, a communication system can select various effective cyclic prefix lengths for
the base stations in a network, and may support different cyclic prefix lengths for different
base stations in the network. Furthermore, a communication system may support different
cyclic prefix lengths in different downlink and/or uplink sub-frames for the same base
station. A variable cyclic prefix length allows a base station to change or configure the
cyclic prefix duration for different communication usage scenarios, thereby increasing the
bandwidth efficiency (bit/Hz) of the system. For example, when communication is in a

channel with a severe multipath (i.e., larger delay spread), longer cyclic prefixes can be
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[0098] As mentioned above, in the existing systems the cyclic prefix is configurable, but it is fixed when
a system is deployed, thereby constraining system configuration for efficient bandwidth utilization. In

these existingsysieis,exrFlic prefix length may not be variable and one typg-pfieypiafrglix 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, WHcH QoG FhHrihdirsss sedatrerBemieadiitnny dhdengr el tingder delay

spread), a longer&ydic Iy gfi¥huratian caBdbR Wsed 0 alininataiherkd . (bitadass srvereddaanel
conditions with Ieg; ulté/path del%aﬁgread, a short cyclic prefix can be used in order to reduce radio

overhead andiffi POV Bmeé’nd spectral efficiency. In this manner, various cyclic prefix
t b f Il I | Si Y ' tail below.
ypes may be ﬁng feﬁé% cé@ﬁéi &%err%c}%{ﬂg 9@%11%'59 E’eec%!%%%”éﬁ%@g’é%%@%th%s”}%?eb gall below

The various cyc Ix types arereferred to as Short; Normal, and’Long respectively. [0100] A cyclic
prefix duratiosyR&i? rafibectedsuldd babedvHitherdbRoselagi D memipcaPsatplesvTE thevhere Ps

is the sampling, {requeney a5SHOME ARME,ARE R 6BRIESHBANG R NP RYY QfcRRPRIES PESCYCliC

prefix. Where, CPsa,"pi" =T0 x Fs can be obtained from knowing TO and Fs The value of TG is
selected in thE53aHICyIBE SR AL CTHBARSHNtIS I s RsHEH dNBRtranGreh Y. Parolpii initial TG
(plus TWIN) vaduerspay hreselestestdak aniitbal toanneth&s saows iRcRigpiephidieadyalkOpMilz channel
one uplink sub-frame can be configured for Normal Cyclic Prefix (Normal CP), To =10tts, in which

O 14 e U 56 0a L PARBONS Rk AT fe 05 R e SN A GUFREToF &8 Cyciic
Prefix (Short @§3)cibad-wahl 2hil tath wibieh fFcad, pebamay Baniprisesontytid samppésyddof@xample,
an initial Normal TG -10p,s,is.selected based on ical. cell si vera t ownlink control
channel, multi%%gtl%ﬁ’d ‘E;éoé%égvgt gﬁ%g?%ﬁri’gg\’%ng%t%% I%%%?n%ahax?ég ig%vfeerd%%op &%%aﬁeﬁ?o \{\illgnsw;tions are
able to listen wpuses loaseabtatterer 4 dweseet dhsedthy spsedhesomerascidemilbanthiesrieretitsultiple

mobile staion g dese.en o e hisesaton b snalldelagsiyends Jheess siaon can

allocate these mobile stations to transmit in the uplink sub-frames with Short fix (Short CP)

T6 -3.125ps. PHE A deagorPEars &y s damoik vt sl vk auniEaush ansEs?e8o tHe ¥ mobile

stations can ajsReHH8na, Goviiko Bl ameniitheploost G it e Thr ¢ Shafb kP poier o3 4 Dise For
example, for a channel transmissior@%nﬂ‘\f/fyigth of 2,5 MHz and a Short cyclicg}g fix, a value of 10
a :

(3.125 x3.2) i B RIBYE APt ¢h P25 E b EIRRIRA $Brie BRLF SHAPHE R aled by
the sampling iefkienciasgs as tthkizegelbe syl pr@teditaiiohyl Gasonsitdos. boraexasmalebfor a Short

cyclic prefix, CP,,."ises may be 5110/20140/801160 for channel fransmission bandwidth f.1
i 5511t S RIS s SERRuby e T e AR Tean pRI e
bandwidths wiltdtiawe thie difficeepierfbriremee witld apseemigie dettiogs 1of | SEEc§0glikes drsitlef WIMAX,

2 subscriber IoNee {OMA A6 Y R SdAME B RERY IR LS 3¢ Rocatglagly igh the

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 T,,. 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(f) is passed through analog-to-digital convert 716,
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increase. The same subscriber may experience more dropped calls in the 10MHz system. It has
imposed great constraints on the cell site planning, and it is hard to maintain the same user experience

across differqpgbanchyigih systems. [0102] Alternatively, variable cyclic prefix, gdiyaiiarnssgay be
chosen for a given channel transmission bandwidth based on the same sub-carrier spacing .61

=12.5kHz . For example, cyclic prefix durations of TG "-'3.125/10116.875 is may be chosen for the
Short, Norma;3ad &apg gxﬁg&eéeiﬁ@ fesrestivaly Fhese sysliageali duations caghgiused for

small, regular, and large cell site deployment as explained above. Selecting different cyclic prefixes for
OFDIVI/OFDMA sympbols in a sub-frame for a base station allows for supporting different types of base

station cells and sleIL{;ower@g@c@rQamCEE@r@by,iﬁﬁﬁuqﬂoﬁem@ymemamudgefsfmmiﬂad hyeetitninating
the need for the enttfe network to select the same cyclic prefixes regardless of the different

requirementsﬂclnen dg%ch Ik%%gg %ati%hfgr E‘? Ocrgl}coverage area. [0103] For a TDD system, downlink and
uplink radio propaga??/on are ré(:lprocéjlr, fie base stations can detect and determine whether a smaller

size of cyclic rtzf' is sufficient for a particular. mobile station. On the ather hand, a mobile station also
can measuremq %(o%ﬁﬁ?n gfﬁ??é?’sef?g PP BRI nC?tlg Eféa%é)fr%ﬁl]eepv%ﬂ%fs%% lc%fp 5?/%#08 a&lghef’ is

sufficient for the wplisiedraismissiencyche mefiilerstatiory2ametpoidl{REhdsmstatitnithelpeeferred

size of the cy, &gfprefix.a[iO]fOﬂ RifferfrgesEgﬁfrgrr[Qg {g.gam gr&%%i%mlbg@g%?ugr

' %_gglj,m f™,e. can
be designed ased on difterent cﬁ%ﬁ pre urations’such as Normal, %(EjlﬁLon cyceﬂc prefix

durations. Fot@xarwpl@2in &igurerbdsatedrameiiliFalionednky 13d. TS hdraufiear=dd. SielDBRATI5ms for
the Short, Reqular, .ong durations respectively. Also in Figure 14,.the cyclic prefix duration 7'0
Mo a11.25 MEG oA ST o Ut P £ Se e A AT e SR o short,
Normal, and Longy Syelig:Rrefy dHiians sespRelivele AeeRIGingly. _meeig&g@mm@tkbaﬁnﬁsaﬂocated

for data transmission instead of cyclic prefix transmission, thereby increasing the bandwidth efficiency
(bits/Hz). In thikichaarendhelseatehdéromstick @pclibgmrefixedtinatiom.carmbenmimire¢zéd. 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 ( Ng;; )
804, a signal bandwidth ( BWj,;) 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 ( B ) 802, a subset of signal

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

of the subcarriers 804 to the channel transmission bandwidth BW 802. The subset of
signal subcarriers 804 is referred as signal bandwidth (BWj,;) 808. The plurality of

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

Subcarriers outside the signal bandwidth ( BW,, ) 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.
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[0105] For a given Ts"b_ fr",e and cyclic prefix type, the number of OFDM/OFDMA symbols per
sub-frame (Nsym ) can be a function of the sampling frequency Fs and FFT size N sp,s . Fs and

NEFT may bgyehapshseihat N gym can remain the same across the bandwjgths64i6ssEor example,
for a 1.25 MHz transmission bandwidth N gym may be calculatedbasedonthefollowingrelationship: 1 T

Sub- frante F8- -TTG min samples 2 1.5x1000x1.6-5 - N< 18.01 SYM,
[0078] Figure 9 is an illustration of an exemplary time domain symbol structure of an

OFDM/OFDMA signal. Figure 9 illustrates the positioning of a cyclic prefix in the

exemplary time domain OFDM symbol. The time domain symbol structure 900 comprises

a useful symbol time (7, or T ) 902, a cyclic prefix 904, a windowing period (7,,)

908, and a total symbol time (7gy,,) 910. In some systems, the windowing period may

not be defined, which can bé treated as windowing period having a value of zero: Ty =
0.

[0079] A time duration of a set of OFDM data symbols to be tfransmitted by an
OFDM/OFDMA system 1s referred to as the useful symbol time (7, or I ) 902. A

copy of the end section of the symbol period 906 is used to produce the cyclic prefix (CP)
904. By using a cyclic extension, the samples used to perform the FFT at the receiver can
be taken anywhere over the length of the extended symbol. This provides multipath
immunity as well as a tolerance for symbol time synchronization errors. A small
windowing period (7,,,,) 908 can be added before the cyclic prefix 904 and at the end of
symbol time 902 to reduce signal in-band and out-of-band emission. In this example, the

total symbol time (7gy,,) 910 may include the useful symbol time (7, or Tyzep) 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 T, creates an

OFDM/OFDMA waveform.

[0080] As explained above, many interference sources such as ISI, 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 may also determine the
performance of an OFDM/OFDMA system. A tradeoff must generally be made between
resistance to interference and data transmission capacity. The tradeoff is determined by
the choice of the parameters of the radio frames. For example, a long cyclic prefix may
improve the multipath performance, but reduce the overall throughput of the system and

overall frequency efficiency.

[6081] 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-

21-



128+5 AT EFT + CP sang* [0106] When the carrier spacing Af is fixed, the length of the useful symbol
duration becomes constant, T, = -1. For a given cyclic prefix duration, the length of symbol duration is

also determingg (asstEming T = 0), 7- gym = Tu+Tww,, -1 + TG For a Af giepsubsliamgduration T
sub_ Frame' the Ts"b_F",",, comprises transmission time and idle time. The transmission time is

occupied by radio signal of multiple of symbols, N gym_11 gym . The leftover idle time is used for
transmit transifioty d§8 FTERE PR IR G Qe Ry ratey é’i\y‘?éﬁi?ﬁlr‘?s}tﬁ)gﬁ'gépl((mqéﬁaﬁl"ﬁe&%s"b_?,,,"
the latter is typigally dividiehbie toverly ephiokestHodtr subefrdhe Vale ehRdflis aftefianeall.odie number
of OFDM/OFDMA s o”HE Qs Rersubr fiame: (LM ) san be,cajeulated as fallowin Yay, a short sub-

frame 1002 has a duration of 0.5 ms, a regular sub-frame 1004 has a duration of 1 ms, and

a long sub-frame 1006 has a duration of 2 ms. Other numbers of sub-frames that don’t

necessarily divide the 10 rﬁs radio frame evenly may also be used. In this case, a gap

remains in the radio frame. For example, a long sub-frame may have six long sub-frames

each with a duration of 1.5 ms. Then, the total time of the sub-frames is 9 ms, which

leaves a gap of 1 ms in the radio frame. The optional low chip rate sub-frame 1008 may

also be used. A low chip rate sub-frame 1008 may have a duration of 0.675 ms, and a 10

ms radio frame may be divided into 14 or more low chip rate sub-frames 1008 with a 0.55

ms gap. These sub-frame duration options may allow a communication system such as the

system 600 to reduce interference with other systems that are based on various industry

standards as mentioned in the context of Figure 6 above.

[0082] The frame structure provides compatibility with multiple wireless communication
systems. For example, the low chip rate sub-frame 1008 duration of 0.675 ms may allow
compatibility with the Time Division-Synchronous Code Division Multiple Access (TD-
SCDMA) OFDM/OFDMA radio frame structure. The long sub-frame 1006 duration of 2
ms may allow compatibility with the Third Generation Partnership Project Long Term
Evolution (3GPP LTE) OFDM/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 embodiment 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 (shown 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 1102, the second
exemplary frame structure 1104 would have a lower overall data rate (bits/sec) because of
an increase in overhead, and a lower latency because of the delay between sub-frames.

Lower latency is useful for some applications like vocoders, where time delay is critical.
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T Se, _flame - TTG Sub _ frame - RTG Sub - frame 1 [0108] In the table of FIG 25, a sub-frame
length of 1.5ms TSub-Fratne-1500us is used as an example to demonstrate how the number of

symbols in theygphfsameis calculated. Since Af is fixed at 12.5kHz, T= - 1pcrusaosogozs:  —80US, we
can pick a Normal CP To = 10u for this sub-frame. We can also assume RTGs2b_F,,,-0, and TTG
s"b_Fa,"">10p. to accommodate additional propagation delays to, derive the following relationship: T

Sub- frame- TS Siff-frsmBl e &2 S5 8 BB Y365 Gojeries ovpHarnpting apkiah egWass .Af T G

sub-frames and downlink long sub-frames. This can give a greater downlink data rate than
uplink data rate. The fourth exemplary frame structure 1108 illustrates a series of
alternating uplink short sub-frames and downlink long sub-frames. This can give an even
greater downlink data rate than uplink data rate. The fifth exemplary frame structure 1110
illustrates a series of alternating downlink long sub-frames with a uplink short sub-frame
and a downlink short sub-frame. This would be useful, for applications like an internet
download, where small control commands alternate with large webpage downloads. In
many real world situations, and particularly for multiple access systems like OFDMA, the
frame synchronization on uplinks and downlinks to the various communicating devices

may have timing variations.

[0084] Figure 12 is an illustration of an exemplary OFDM/OFDMA uplink and downlink
frame structure 1200 according to an embodiment of the invention. The OFDM/OFDMA
uplink and downlink frame structure 1200 includes a downlink sub-frame 1202, a single
uplink sub-frame 1204, a last uplink sub-frame 1206, and an uplink sub-frame 1208. 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 protection for timing 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 contributed from the downlink sub-

frame.

[0086] For the single uplink sub-frame 1204, there is a transmission-timing gap at each
end of the transmission 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 single uplink sub-frame 1204
has a transmission timing gap for the uplink (TTG(UL)) 1214 and a receive-transmit
transition gap (RTG) 1216 according to an embodiment of 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 a TDD system to transition from a downlink to
an uplink. A TTG(UL) is the portion of the transmit/receive transition gap contributed
from the uplink sub-frame. The RTG 1216 allows a TDD system (Figure 6) time to
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101101 In one embodiment, the number of symbols in the sub-frame is 16, as shown in the table of
Figure 25. [0101] From this example, regardless of the size of the transmission bandwidth to 5SMHz to

20MHz, the nymbEs.Qisymbols in a particular sub-frame is the same when,g-pgatigiakdss length is
chosen. For a particular deployment channel condition, a particular CP is chosen; the RF performance

related to mobility for different transmission bandwidth remains roughly the same with the same RI

overhead. ThEXSBKEHBRMAN BRjBY thsksitnifualitkpantls ifcasesastimngoampaipdidbnally, as
shown in the rbieiobRigiver?shihe ishosardhe sydlicspsatix 4bg hidgheionybacal symbels ern be fitted

into a particular suh-frame, there roviding higher throughput for the sub-frame, For a Pico or Femto
cell doploymed (b dulEs S DS BT PGEN A TRy 8 R EATAI B Rt and e
associated médilevitatiog frcandaasedtfigiie ectoi tiag snodaytitt shortypyadity pre fix ds: (Short4diB) to

improve frequt%né:cﬁ}gsgl\%ﬁerﬁc%fo C mer111t1,0%hcﬁyc(teal_}{erE ge |§h%gt n the.important

rlalla&/l Sh%e s‘%”r%e Illog €€ ame is, sent in
limitation. Due to transmit 121 power, Macro cell naturally have large cel site, which has

increased theadgﬁayeswémgeﬂffsnﬁmm@ﬂpt@elés;lg}foﬁhmefgrcréhmésgmts,tW@ sufctonfiguedahe base
station and mghilg sialiensAng e essrGiR et mabile ialions Mt iapacvelicaisixesdkeng CP) to

combat rich multinath and large delay spread so as to reduce inter-symbol interferenqe#}lé'gl . The
e

Femto Cells, PieGYekngrefie Riderpseseitg calinse Beidyeet dnthiterrebasiystmr st éa
optimized CF ggigetionsiand:freguepayieticienss 0108 has- tscussae Jibralation tookigeyente?, the
TTG(DL), TTG(UL), and RTG may, vary based upon to thg sl fE’Ie sub-frame and the
correspondinéh&fé‘ﬁ?:eafesf‘&‘ FhePratelbe %d&%&g 81/ Eéﬁﬁﬁ@ 8§uitably configured to compute
TTG (DL), TT Pl% the RTG values as follows: 101041 The JIG (DL) may be calcul by using
the following relati nﬁsﬁgﬁr lfé(ﬁﬂ)esz ?%P_pg&g Pgl)vn?reaxaasre{ |oan)€g-ma1eljcr%r?%q§ }h ofg%l)n%?%rgeD I;S‘[:gﬁb-frame)
(OFDM/OFDM@rtsyiirbesiribaratiog RsBublink wivefer@r3N ©rB A ssypiethol b ration sufefelieeprefix
duration (T0)) b {ileliime (o)t WMindewen@ iime (IWINM [ddatSiniiarlyaghe Il Mipmay be
calculated by using the following relationship:

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, subsequent sub-frames transmitted 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 receive

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 invention values for the

TTG(DL) and TTG (UL) can be calculated based on the cyclic prefix duration as

explained below in the context of discussion of Figure 14.

[0088] Figure 13 is an illustration of an exemplary OFDM/OFDMA optional radio frame
1300 according to an embodiment of the invention. The optional radio 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 transmitted.
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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TTCi(UL) = (UL sub-frame duration) - (man of symbols in the UL sub-frame) * (OFDM/OFDMA symbol
duration ( Tsym)), where Ts.r",i is calculated as shown above. [0106] RTG is usually small and may be

obtained by swiichingingime period from transmit to receive mode. If RTgisgegigigshigthe system
design, RTG should also be defined in a time unit which can be divided evenly by all sampling times.

Using the table in FIG 14 as an example, the minimum time unit is Ts -3.125/5 --0.625u.s. R1'0 for
Normal CP sUMi$fiigiges 2486 ikl wsteisrrnpinrestablasiof Rpaenabiliy/ OR P Apnuestens &t to zero

for btf]:e sub-frgjn@fg[hcbliaﬁé%l%@hg?@sh@gi%mﬂdgh %&ggﬁé&&&l%)ng T&&g%ltauﬁaﬁ%mwm @fuﬁgg o
sub-frame and a Short cyclic prefix may be 3.75 us, 2.5 us, and 1.25 us respectjvely. Similarly,
the TTG(DL) ' FERI), aktf R?@%&#@%d’&{?ﬁ’ﬁ%ﬁ Cé atRFormla%?fcl%‘ﬁ@iﬁu}ﬁ%rB% 60 us,
58.75 us, angrazhe)tssrespieti GENMIOFEIMNK. fakRSkakiM/ORBMAppdnainaters: intkd oftses 15-26
may share same tOFDIA/OFDI&QA Darameters d initi?{n ?nd .fupctionalit as Figure Jf4 therefore these
definitions an%r%eumr%%ﬁgﬁ‘ﬂeg are not re u‘r@an%& égp?léﬁgcf herein. [611 ngYJsrgﬁi%ulfllﬁlgtrates an
exemplary tablectfiGesily GEBIMAcDarprvBters ice !5 bhhaniibeREDdHahmelwidsnitetion
bandwidths 35.(1s 28y 30 ARALHAMETIRCCRIHING 1 A Ambodinenhaf 1he ineniign,The HT

x@r%h'
size N FFT is scalable from 512 to 16384. Similar to the 1.25 bandwidth seriés explained above, an
OFDM/OFDN# St NiREPMAaimrdsrenaphaersdalue Al =12.5kHz may be used for the 3.5

bandwidth series. As.shown in Figure 15, the sampling frequencies.ca 4,12.8,25.6,51.2, 102.4,
and 204.8 MRS KRS FUABEP GRoRE R &lD T A R g0

bandwidth B\Wx023.2HHE, bdnRBAG6said dddhiy taren28ib&biheR0df fiE2dhy@didbh, 4481x<ad 8961
respectively. J0110] Variable cyclic prefix durations plus.a windpwing {i O T Wi
}IIJHS wlth SEries mXFu(%:g C ancr}e ransmis 10R|bf§v¥gr<1ﬁ?zhs 09 lt%%,ené%,gs 1(? 2 an%l A{&i

2.97/10/16.7 can be chosén based on the same condi hé variable cyclic prefix

durations are +éterreddad ars Bhiont]aNofmaly i1 ofigoyeliéd phefiss rubpativalyratiod, cahdserigsed for

small, regula%p%&glgl?gg%ﬁ?rlllgsggqq:e@c%er”Idsel%owpgr,]tﬂumber of occupied subcarriers, number of

OFDM/OFDMA symbols per sub-frame, 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 carrier 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, is 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 7, fixed, which is

independent of channel system bandwidth BW. T, (T, = T, + 1) is configurable

based on different deployment scenarios, and therefore makes scaling have a minimal
impact on higher layers. For example, a 7MHz system may have the same performance as
a 10MHz system, except for that the maximum data throughput is proportional to the
channel bandwidth (BW). A SMHz system can migrate to a 10MHz system by adding
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Different cyclic prefixes may be selected for OFDM/OFDMA symbols in a sub-frame (e.g., short, large,
and long). Different sub-frames (e.g., Short, Regular, Long) durations Ts"b_ from can be designed

based on diffgrgnhsysdigserefix durations such as Short, Normal, and Longpesetispiefixosirations
respectively. For example, for T dram, -= 0.5, 1, and 1.5 ms (Figure 8), MHz the To + Twilv duration
(overhead) for a 3.5 MHz channel transmission bandwidth may be bout 2.9 11 16.875 is

respectively. 3831¢] AMKR Shams BYOvEN A diRg SV Oé%%&f HbAAHEE TG (DL),
TTG(UL), anddj%]:’éﬁmaynmaryrbaﬁedmbmy tortipéy Sizek digtlhl smiméfame @ﬂﬂbgbeattcwresqﬂonﬂhhﬁg cyclic

prefixes. For example, as shown in Figur thec I|c pre ix duration,o I\) TTG%I%% TTG(UL), and
RTG, for a L(ﬁ{g su%rﬁé%lecg%\g) Sgrt c‘f;‘}/lc cépre IX, r%sgysbe a%ou?Grg%b g)r?d n -E

respectively, Simditerdth fhechelibgsrefisignedtion ot heHPTb{mIe), mmcgﬂﬁquqn@hhmds@nﬁowaﬂwsmng

sub-frame ana g piRYMalCYEHR RS, mmda&%@qlv@eﬁ%%&y%mﬂ QdhHsHasasctively, and so
on. [0112] Figure 16 illustrates an’exemplary table of basic OFDMIOFDMA parameters for a 1.25 MHz

bandwidth serassktvang bﬂﬁit@f&%ﬁﬁ%ﬁ%eﬁ errdhlstestpalsa W)‘%@é@ {A%t may be used
according to embodlments of the invention. For e ead values for Hz channel
transmission B4R tW‘BW?ﬂE@%@“&’BSH?@%/@“ W‘?%ﬁféh%yﬁt%%%té@ﬁ%ﬁ&mmnc prefix,
and Long cydia¢irgfixatespgctivelykbe mparechied®. I 107 6. 8 BbHLS srckdgurécbdhsaitdaomn. [0113]
Figure 17 illustrates an exemplary table of basic OEDMA paramet rs f ra3.nb g%l idth series

ca

showing addifoM S HEEPTRMPBCHERTh IR 6E Ui MEHOFEfRY t also divid ternative

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 Af'is

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 (N ). For example, the FFT size (V) may be in a range comprising 128,
256,512, 1024, 2048, or 4096 subcarriers.

[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 Ny, and Af using the following equation:

Fg =AM %X Nppp

[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 N.,. A subcarrier spacing of
Af =12.5kHz has a property of good trade-off of cyclic prefix overhead with mobility

support and achieving reasonable frequency efficiency.

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

subset of subcarriers N, out of Nz is occupied for signal bandwidth BW,. For
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embodiments of the invention. For example, TGTwin dwations that are similar to the 1.25 MHz
bandwidth series explained above (Figure 16), but are used for a 3.5 MHz bandwidth series. [0114]

Figures 18-23wyepexigpgipns of Figure 16 showing values for the TTG (Dlpe TS0 osasyd 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 iIIustrate§ an ex%y#%l%)ég%blgo f basjc pt DM/O .Dn %arabmet(%rs for a (#.2 MHz bandwidth
a

. . X €, aCCQr ment o € 1nventl umbper QCCUPICE SUDCArriers
series with a 0.5 Ths SUBAT accor%llng 0 An embodiment of the mvention: Ag'€hswin ‘firlgure 18,

the duration four theham@] Bh)shiFG&¢ bindwalfk TR oof & 20520s SUls:fRaAmmdnd &/Ehartcyeld, prefix (2.5

us), may be 5, 2. . v imilar e duration for the TTG(DL), TTG(UL), and RTG
510%’5(%%0%%6@ sy ﬂ%%@%%%é , may be about 112.5, 110, and 2.5 is

for a 0.5 ms sub-franie and a Long cyclic pre

respectively, A #0.an[AAel Figure. 19,1sHAlSS A" Gremplan ahie o5 Rasis OF DMRERMA

parameters for a 1.25 MHz bandwidth series with a 0.675 ms sub-frame according‘to an embodiment

of the inventiaRaiteXample, @s-shansmissiigusa badienauration tar finee TTG g Joel héedUb), and
RTG for a 0.675 ms sub-frame and a Short cyclic prefix (2.5 us), may be 15, 12.5, and 2.5 us
respectively. SRy omelRiIcrsHA faeire ridieDUylr I@?&J‘Ll FUsHEPRI© HEPEIISTS prcksefitime and a

Long cyclic prgiRe,6lubRkidnay; Pam3id us8d- £ BRhnitdSirSRRCHNGM-RAANiFO RN R 1y fdgure 20

illustrates an exemplary table of basic OFDM/OFDMA parameters for a 1.25 MHz bandwidth series
with a | ms suthdnaphecspomdang try dre euibodiapeny 6 ttheisnd entiontréoneitamJleysslghhmginan Figure

20, the duration for T ) TTG§ LgiE and RIQ for a 1 ms sub:-frame,with a Short ¢ c%lé%prefix
(2.5 us), may"B"é‘%Q%ﬁ%%@%%%%i&yﬁB fl%{e r%‘i‘;‘/’.ns‘?%i@w, thddration fobthie L?f&’ég%‘?xr (UL), and
RTG for a 0.675 ms sub-frame and a Long cyclic prefix (15 us), may be 31.25, 28,75, and 2.5 us
respectively, Haessateng pom 98PMguratel, itheswatassamstalvgtion thbre Qb DFBMIOFBMA
parameters for a 1.25 MHz bandwidth series with a 1.5 ms sub frame according to an embodiment of

the invention.dar examEoAs showntisrEigdresatd the TIA(DOFONIG kb /angRISE daratich5 ms
sub-frame with a Short cyclic prefix (2.5 us), may be 15, 12.5, and 2.5 us respectively. Similarly, the

duration for tHEhT PA®YinENIe Weniodnd, RIS dpiiendl, Stenshb-featneldndsenopgreyeticgredix (15 us),
may be 46.875, 44.375, ndﬁ. tively, and.sg.op, 101191 Figure 22 illustrates an exemplary
table of basicséﬁiﬁf\%/&g%ﬁ %1@%3@2%%? %ysf%ﬁ&fg%&a%dwidth series with a 2 ms sub frame
according to aguagbediment el s ipveption. Bl 83 ShouInE LU BRullRuion of the
TTG(DL), TT%(UI?;, an%Tél?for {:102 ms sub- }aﬁm a _S%lor c;/cﬁc plregsx 2‘321: us), fcﬁay be 20, 17.5,
and 2.5 us respBtidehesimsiise ihéeplonedo hesrneonTtabny, sTitansppiamspopdofaiiczent

bandwidth utilization. In these existing systems, cyclic prefix length may not be variable

and one type of cyclic 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, and Long respectively.
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ms sub-frame and a Long cyclic prefix (15 us), may be about 62.5, 60, and 25 is respectively, and so
on. [0120] Figure 23 illustrates an exemplary table of basic OFDM/OFDMA parameters for a 5 MHz
bandwidth segigs,¥iha44¢> Ms sub-frame for transmission in a channel wiplp-g/¢Epgldgansmission
bandwidth Mg of 20 MHz according to an embodiment of the invention. For example, as shown in
Figure 23, the duration of the TTG(DL), TTG(1.11.4, and RTG for a 2.5 ins sub-frame with a Short
cyclic prefix (PBYby) it prelx doratiom domaydreaisiceassthamtly, il winastatiensiie TT(DL),
TTG(LTL), and RT&,for a 2.5 ms sub-frame and a Long cyclic prefix (15 us), may be about
78.125,75.623, 281 | wheespectively, antbiopofedidiy] Aldinativblyesysied’, 600 gnbk700 may

i

operate with differenffixed subcarrier spacing and hence provide different scalability properties. In this
manner embodiments.of the invention,can offer atibility with yarious communication. systems. For
example. Fio b oR DM/ ON A P GIarS T 5 Wiz
bandwidth segigskghanngldransmission bandwidths 5, 7, 8.75, 10, 14, and 20 MHz) for a sub-carrier
spacing Af = 10.93 KHz . 125 KHz , and 25 KHz . A sub-carrier spacing of Af = 10.9375 KHz
corresponds tg th ed in.1E 02,16e (WIMA 1 igure 24 dllustrates an exeplary table of
basic OFDM pga?a‘lirlrﬁgt(E:')Oirsefn%rlals:r %ﬁ%ﬁ%%ﬁ v&%tﬁ%%%%@fo%% E&-écgrgr?gggﬁaagrﬁ’gsx? =f§)g}§}% which can
not divide all ¥eRHE, bandwgdths evenly, therefore it is not a good choice according to embodiments of
the invention. However, IEEE 802.16e version of Mobile WIMAX has chosen Af =10.9375 kHz for
5MHz and 10p0it81 jchannigkbdhdwidths7ye pleslmentyFer stretedbfoekwanitiabchpadihilityscdnsideration, Af
=10.9375 or Af =21.8751d-1z can be used for other channel bandwidths deployment for IEEE 802.16m
version of futifd &HMAL: #d MG otReh SR SbafemR crids, srigredsion Nevedl is

scalable from(§484PRIASOTHMERTPIING TEGNENGH (@IGchFCPS,E, Thed dehiridd P2 Bfhnd 22.4

samp,

MHz) is calculated for the 5, 7, 8.75, 10, 14, and 20 MHz channel transmission bandwidths
respectively asnetpiaingthialzoberahive combdber ofdtnupdetbs Shear®rditoPeifan (fdrad@®nidsion
bandwidths of 5, 7, 8.75, 10, 14, and 20 MHz may be 421, 589, 735, 841, 1177, 1681 respectively in
this example. & Shitt dfchdiistefixaMorRial EQRMEs Mty £ ciagelistic Fovefsemiitl 4AdHERLong

cyclic prefix (CP2 tiops of 2.857, 11.428, 17.142, and 22,857 us can be chosen for the. 5 MH
A seNBEL oIS E LR AL G0 ATSRETSA) VarTE EaPbeBb U on

different cyclig eeIPeAHAHORRIRER a7 3R05hcEAy 3RchNofRAkesClmRIeHX duialipasafprigxample,

mobile stations are able to listen to the base station. However, once 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; =3.125pus. 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, =3.125us. For example, for a

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 series, CP.

samples

may be scaled by the sampling frequencies so as to keep the cyclic prefix duration T

constant. For example, for a Short cyclic prefix, CP,

samples

may be 5/10/20/40/80/160 for
channel transmission bandwidth of 1.25/2.5/5/10/20/40 MHz respectively, while 7

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

7MHz system to a 10MHz system, 7, is reduced accordingly with the bandwidth
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sub-frame durations may be Ts"b_ fra,” = 0.5, 0.675, I, 1.5, 2, and 2.5, and the cyclic prefix duration for
these sub-frames may be selected from the above cyclic prefix values. For example, for a 0.5 ms
sub-frame dw@giop,ah M1z channel transmission bandwidth BTY, a Shor &yglis qkafisf 2.857 vis
can be selected thereby allowing 5 OFDM/OFDMA symbol per frame to be transmitted. The duration
for the TTG(DL), TTG(UL), and RTG ,%Figure 12) may vary based upon to the size of the sub-frames
and the corre 5B ol B IRS SHRSE PEMaY SHRsRense Lrstviramnel GRS s IAMEAMEBandwidth
series, the duratisnifiosodee ke dysanhitGiihy, foll ait prmbihdrneiandra Shedeyalicherefix
(2.857 us), m%xnbe 28.571 us. Similarly,gpe d%rati né&r the TTG(DL) or TTG(UL), fora 0.5 ms

T

sub-frame an ai%sﬁﬁegf&ﬁbe%?% &Tﬁ S ,arlrluat‘g‘/l1 e 8571 Uis, and so on, [0124] Figure 25

illustrates an gygRPIALARIRIOT DASIS O ERI QRRIVIG-RRAMEIS8An e M2 Randwidih spries

according to an embodiment of the invention. In this example, the FFT size Avp.,-7. Is scalable from

512 to 2048. KeRx@isLapchardyishhchasedanre the seme|qub-camiasraaing 14/5-anthieth disties) may

b dfort dwi ' 0 T Ij .. Fs.=6.4,.12.8,12.8,
128, 25,6, ang T N e S R DA P B R G B oo
bandwidth BWyesgestiddlyrascagpraimeitkebmsecdoreihislbrseryyiditipechinmivatiofocouptedsubcearriers
for channel "RRSASIO0LRARIMEB BN Sicladbibomlh dileaNa MRS SOLmil oo fiOL 1121,

4481 and 1601 respectively. A Short cyclic prefix, a Normal cyclic prefix, a Long cyclic prefix, and

another Long ¥§tRdPpTenss (CPOFRIVEREHEE symnbds 152 snbrDom foas Heserfiaion feianederchannel

transmission QandwistharbRhe el Ritiermbt suhdhanesHIRIPas drapetarfias. aaR:be desigogd based
on different cyclic prefix dura,gion,s s%ggfas Short, Long, and Normal cyclic prefix durations. For

example, Ts"BEPHMRELIRE bg &% By slimpppiag theeee Earclhe SR RIPRISHaSFEIRRE & sub-

frames may harselepihd feofixés Feddidlbss anch2Aigkeycheguiafimelty atiosandGyalyesionabexample, for

a0.5ms sub-ger:ﬂrggvduration at a channel transmission bandwidth of 5 MHz, a cyclic prefix duration of

2.5 ps can be SeleciedoAS Mentioned above, the TTG(DL), TTG(UL), and RTG (Figure 12) may vary

based upon igifiRjsiz 01hp SybdiAGARdING CadiEsPARI A ICls Bl e BRLEX ARG, a5 shown
in Figure 18, for the transmission bandwidth BW of 5 MHz, the duration for the TTG(DL) or TTG(UL),

for a 0.5 ms st¥ipRRtRe spbrctgEraprdmihe. & eyl sz oirpelicmmeiirly, HEderbiigt for the
TTG(DL) or TI&(tda: fese-amesub-fiame 3nAlang £yalisiRr &t ChoHite) . dipmbsdR0mRs, and so
on.

downlink signals from a base station to determine what size of cyclic prefix 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

based on different cyclic prefix durations such as Short, Normal, and Long cyclic prefix

durations. For example, in Figure 14 sub-frame durations may be T

ub— frame

=0.5, 1, and
1.5ms for the Short, Regular, and Long durations respectively. Also in Figure 14, the

cyclic prefix duration T, + T, for a 1.25 MHz channel transmission bandwidth may be

approximately 3.125/10/16.875 ps for Short, Normal, and Long cyclic prefix durations
respectively. Accordingly, useful bandwidth can be allocated for data transmission instead
of cyclic prefix transmission, thereby increasing the bandwidth efficiency (bits/Hz). In

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

[0105] For a given Tg,_ ;.. and cyclic prefix type, the number of OFDM/OFDMA

symbols per sub-frame ( N, ) can be a function of the sampling frequency F; and FFT
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[01271 Figure 26 illustrates an exemplary table of basic OFDM/OFDMA parameters for a 5 MHz
bandwidth series with a subcarrier spacing Af 25 KHz according to an embodiment of the invention.
The FFT sizegisseadatle from 256 to 1024 (e.g., 256, 512, 512, 512, 1@24@ned@gdk: The
sampling frequency (e.g., Fs = 6.4, 12.8, 12.8, 12.8, 25.6, and 25.6MHz ) is calculated for the 5, 7,

8.75, 10, 14, and 20 MHz channel transmission bandwidths BW respectively as explained above. The
number of oct@pidthsubdarigfs Morthesd bashesmsnidatistion FaRdRRAMStEasae A0S dE 351, 401,
561, and 801 respectjvely. A Short cyclic prefix , a Normal cyclic prefix , a Long cyclic prefix, and
another Longb@é)}fe STROPE PRY B s 19 3 57 %%1%%@?‘??.&%%‘8&?%&@.%%&? can be
chosen for th nel transmission bandwidths. [0}281 Differ -frames dyrations.I.sub_
frame can begéﬁgg%][r?gd baseds%qrgézﬁfferent c%)/\%llic prefixag?ﬂations f?:fé%%ﬁggsmrt, L(%Lélﬁgg,B éﬁ%‘ l%’ormal
cyclic prefix durations. For example, slib-frame durations may be 7- sub_ 'ram ---- 0.5, 0.675, 1, 1.5, 2,
and 2.5, and the cycIE prefix. tioh fof thes cted from the above cyclic
prefix valuesﬁ% exarm an Iration=gt* Db idile, @ Short cyclic prefix
of 2.5 'As can be selected thereBy allow(if 1.1, OFDM/OFDMA syfbots per frame to be transmitted in
this frame. The duration for the TTG(DL), TTG(UL), and RTG (Figure 12) may vary based upon to the
size of the sutsinehamdhtheacoerespoingi gy cyclhitxpdefixe serfeti eXamaplesfas shobeh dudigure 26, for
a channel transmission bandwidth of 5 MHz, the duration for the TTG(DL), or TTG(UL), for a 0.5 ms
sub-frame angegoRROresy st prefix 25 ps), AV FEIR tigeSimilaalyothend uetian dordpepbll G(DL), or
TTG(UL), for a 0.5 ms sub-frame arf'a Long cyclic prefix (15 us), may be 60 us, and so on. [01291
Figure 27 illustrates a flowchart showing an OFDM/OFDMA process 2700 for creating a frame
structure withdareaialidealspclictqmefind Goondinmg td gnibodimants Hfthg,i m@miegz Thévafious tasks
performed in connection with these processes may be performed by software, hardware, firmware, a

computer-reagigble smedisie hayimg.computer exgeytable inglyctioesiaispeeiaimingehadiaress

i4

method, or any combination thereof It SFI(_)}TI'@ be appreciated that process 2700 may include any
number of additiondlhsr &hesmasientdsis. TheeamKsGHuwmiioFigerel 2f maddphotdie parhetined in the
illustrated or_dgfs, anc-theseyprocesses Mmay AfncoRoated IN0.A, Mere SARP. _e@ﬁvg)p{g}ggdure or
process having*4dditidhal functionality not described in detail herein. For illustfative purposes, the
following desarifgtion of pratessRE0famayote iemierEiaments nrarTigned ahavddfeedsngslianywith

ant

Figures 6-26. In various embodiments, portions of process 2700 may be performed by different
elements of s§RAERIBI600-Ey BRYNKssdERRer T pHsceS 8IS, orfm/emativ Als seeden9bo may
share same OFDM/OFDMA definitions and functiogalities as explained above in the context of Figures
6-26, thereforeKRB4EOFEMiticHEbels RESRIMEEDRAIitES areanderederaanay Blowingd herein. [0130]
Process 2700 may begin with the OFDM/OFDMA transmitter 701 receiving time domain OFDM data
symbols for t:@:ﬁgjis jon on ah RE gharmdl{tésk 2702). NelR Kiée cycligprefix selector 709 selects a
cyclic prefix f plufglity of variable length cyglic prefixes (task 2704). The cyclic prefix may be
selected from a plurality of cyclic prefixes availa fod the RF channel. For example, as shown in
Figure 14, the RF channel may comprise a plurality of variable length cyclic prefixes that range from

5-864 samplefy {3 AiaNS e aPel 3RS TissiARRanAILYIn 18R RF chanhys i used s an

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

Af is fixed at 12.5kHz, T, = ~Al7=80u3, we can pick a Normal CP T, = 10y for this sub-

frame. We can also assume RTG =0, and T7G >10p to accommodate

Sub~Frame Sub—Frame

additional propagation delays to derive the following relationship:

‘TSub—frame - TTGSub—frame - RTGSub—frame <1500——10~— 0

1 80+10
—+
Af TG

[0109] Ny, = =16.56
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10131] As shown in Figure 14, for a 1.25 MHz channel transmission bandwidth BW, a set of variable
length cyclic prefix comprises a Short, a Normal and a Long cyclic prefix length comprising 5, 16, and
27 samples rggpegivglys hhese cyclic prefixes may be scaled to obtain the:gelh st siefixes for
each of the other channel transmission BW (RF channels). For example, a short cyclic prefix (e.g., 5
samples) can be scaled to obtain a 10, 20, 40 and_80 samples for the channel transmission
bandwidths BXAHHH21% 08¢ $098iman e Mmb el uetivaly nha S8 drmeolsiess Shenhil ansmission
bandwidths, theleygliiguefdsduration of 3.125 1.ts can then be calculated as explained above in the
context of discussion of Figure 14. [0132] Process 2700 then adds the selected cyclic prefix into each
of the time ddihidih] OERDMHIGFRDMb)]dategsydite ks tho bitai vt uratisyn 66106 Bavidinadtie so(tadk2706)
using the ad (GRrefi %99}?4! I lic prefi | for Igital samples
of the corres%gr%g:l%@ éi/{:ifiéc pre ifgﬁ%ﬁ%&ﬁﬁ&%iﬁﬁ%@% %gﬁ f%{ﬂqgﬁggr%%ér}ﬁ%&b%gg&gégﬁes on the
radio channe(SLidsnatdh tisechadfdcheinnalaricianskenivpaynirchsrneh aenéitigroe axstizpbo §ddss the

OFDM framesgigsgnvariaite: sieersubaframe REQrLo Mansiitinodhe LEDMftanesppdieshannel.

[0133] According to embadiments of the invention, these variable length cyclic prefixes can be used for
small, regular SRIRFGEEELY Sife BRI OYiTetcasemig B adetiitde ThsniBPstbsatiliam Efiiency
(bit/Hz) of thesanHtenscr uxihteiney & srlegitvg 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 aref.02herédiyionealiwork sheptoyimént tatdy befSgmplifitdlanshonmd ehe oyel ftemibiix bye
eliminating the: ' k .the s ic prefi the different
requirements%@%zc méggsiog?é#{@r%%%% c%%l %%J{g;q:rtlérlge a e%&%%g%% V\?ﬁ%ﬁ/ﬁ%%@ﬁ%@é% ents of

the invention Waber vaeg gleiritse dhebeefiensholiRt WeRierlerstsotatesttisplhsansedie pldsented by

way of exam %&%&'&B’a&@ﬁ)ﬁ@ﬁ Q%Wé‘lﬁﬁfa!f%%l%}nhib%\’{ﬁ@ bilke é@tﬁi&y&ﬁiﬁ{l{ 40sciiey Hepigt an _
example architectural or other configuration for the disclosure, which is done to aid in understanding

the features atfi R EHENATISPIHEESh Betrrytdedrith fhordiswbsureirme GharbSdrb i HeA¥Stricted to
the illustratedfexpeiele effitiesiures emeaitigtyiatiephyauingamdeoveplgimieniaenugiognapwatiety of
alternative ari:hit cturesPand ﬁﬁg@i(?furatiop dditiorﬁllﬁ, alt ou%? e disclosure iid?scr'b d above Iin
terms of varioug a)?é’r%‘p a\’&e}té) HEnts a dj?r‘ﬁlﬁfe entations™ g 33@’% METdSrsthSu st the

various featutes anddaredtitralitiasd epeedsizdainl anerar tmpréebfythéindivid vademipdin eits @are not

imited in theic pplcabiing jo. e RAlcy : eTepRiment, iR Whieh ey ais desarlped They instead
can, be applied, afone or in some combination, to one or more of the other embodiments of the
disclosure, whgthe morines shehzerib delivpmbes tek dudtpibdndiargetistiar spicad sedehofeedures are
presented as ; feing aRaredaAGserped, embosiment lihusithe drgadihaRg scrpeIf the peesent

disclosure should not be limited by any of the above-described exemplary embodiments. [0135] In this
document, thétekedntiadanseusSediHe e retR riasesortimie difhnsieciantiiate aAerany
combination offthestelements for performing the associated functions described herein. Additionally,
for purpose of discussion, the various modules are described as discrete modules; however, as would
be apparent tfl008 cfsoddinasydsikiltdiatioe arfipue d2mind TitadilesITiay de  comBifiediayfeam a single
module that pgrgggmus (t)frlletgs%%cisa}%gdofturd%ti()sg _%ccordglqg ﬁl@bc%g_ri@entaigf thec'&riwer}g n. [ %6] In this
document, theafermsp'computer program pro ucta't,nﬁcomputer-readgglgfle m%oﬁ{lmg, And the e, may be
used generallyresassfartodnisdial Sl asantermovitgbdiorarestred de soomaierage uhik) ThESEUENd other
forms of compytefiraasalls megia, iday.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 "computgy pIPATRNT TeOE I (VWhiISTHE @Y R GIOMPEdHR dReré0bW ek caImpiti@iRrograms or other
groupings), when executed, enable the computing system. [0137] It will he appreciated that, for clarity
purposes, the above da8%e(ipiipn (ids déstaine demivad in{ents «ff ghetolean tisnDithubefereace to
different functional units and proce ver, it will be appar ttﬁ?t ny suitable distribution of
functionality between different func?éWﬁ?m%gﬁ)&lsd%Fa SHQL;YS’ a‘fvﬁ'ﬁgeused without detracting
from the invention. For example, functionality illustrated to be performed by separate processors or
controllers may be peﬂ?@&?ﬁ%ﬁﬁ%é%%@é@%?é?%ﬁt%@. Juetica, Q&éﬁér@@g%él%ecific
functional units are only to be seen as ref e cgi\{g ) itableﬁme hs f § providing the described

functionality, rather than indicative of a strict {ogical 8r%“k’11§1§ica Strueture or organization.
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[0138] Terms and phrases used in this document, and variations thereof, unless otherwise expressly
stated, should be construed as open ended as opposed to limiting. As examples of the foregoing: the

term "includinggshigiideg read as meaning "including, without limitation" gscthe ks Aagstgrm
"example" is used to provide exemplary instances of the item in discussion, not an exhaustive or

limiting list thereof; and adjectives such as "conventional,” "tradjtional,” "normal,” "standard,” "known",

and terms of Sl FHBLRH; gt}?hEB%(N&)Bﬁaé(d’ﬁs“tﬂfél&tﬁg h%ﬁh‘bgﬁﬁ@ ffé}ﬂ"%%é?#ﬁ@m ‘given time

period, or to an item avail f a give e. Bu eset uld

encompass conventional, ta#z;}llg'@i?il n@ri:ha (r)?rras aan echn r1og|eesfrtsﬁm% may%e ava I:?a?ﬂe known
now, or at any time iftathe) ftit(OEFOINKOFISR] A gymibpl afuteios [idked)withdee Eonjineilomndradisshould
not be read as requiring that each and every one of those items be present in the grouping, but rather
should be read as éhﬂ%}a}ﬂﬁﬂéss expressly stated otherwise. Similarly, a group of items linked with
the conjunctlcﬁil&r ﬁtluayld no read as r?e uiri %a utual iécluswlt .amang, Ihat rou ut rather

1S SWI1 (5] 1me
should also b rea as"an o‘#aLP'nrqess exp ess iSSP efmore, ? ems,

elements or compoiidgntseofitirendisel dSURE" @1wyrb®de¢cnbhd s teleni rebesigim ﬁh’é@ldgmlﬁratkmhmlural is
CO”temp'atedcféhH?dVi’ﬁtQ'ﬂrH%euﬁﬁ;{g}?% LEOL H‘a SJIIRNOR 1 e i ’}%g'%‘é <euRl tiﬁsﬁﬁ d. The

presence of broadening words a rases such as "one’ormore, ast,” "but not limited to", or
other like phrasddan h%nseammelg,sﬁanmmmememwmbm Ihaﬁh]@ﬁr’érrd%@ﬁ@as@\ifsﬁnﬁ@nded or

required in in nces e such, bro enin hrases ma 013 ionally, memory or
other storageﬁas Weﬁﬁé cgofrs ﬁﬁlsca? Ségr%lrgg %ﬂamgfglé’ %i/é W%’rﬁgp (CLft e §ol?e[he

invention. It watit e zzppfecibtedtifatfor clarity purposes, the above description has described
embodiments of the invention with reference to different functional units and processors. However, it

will be appardfi #hrsrshewnablBigiseibtitiba bY fiRdnoAdlfybenvadRdiffe fens fhprti onaiiianes,
processing logig elegighis.QEiflomains edy,baised W'%OHEdﬁt?ﬁgn%ﬁ@mik‘%ﬂy\{%gﬁ&ﬂvg@r

example, functionality illustrated to be per ormed b se arate processing logic elements, or’controllers,

may be perfortiadapy i $AHEPrbdd<3(RE-logid BiEmdpt, ty bong St Prgwad saferankexclis specific

functional unitsa1e aply te Ke sesn £ Iefarences losyiahbie meansdaiproviding the described
functionality, rather than indicative of a strict logical or physical structure or organization. [0140]

Furthermore, ﬁimgygﬁrmmmmllﬁﬁeﬁna@hﬂalwgafdmm Q{amgm@cmwtbp@mm be
implemented by, for example,.a single unit or roce ic ent, Additionally, althqu

intivicual foa R aETiE DEUCER B S e e A B DS gt Ly
combined. Thﬁlmembﬁem@hﬁmtemmamm@&mﬂ ilm;:dmthat a combination of features is not feasible

and/or advantageous. Also, the inclusion of a feature in one category of claims does not imply a
limitation to thi$183ielienye Bt ukieatencafeaxarepiaytdce gl Aiyiafphiodble peranrsersl &macategories,

as appropriatg, MGiph LRMHEnCHAMER; SR BRQIBM Lommunicalion sysam eomppiising: — a

plurality of radio frequency (RF) channels, wherein the RF channels comprlse “dissimilar bandwidths;

and 5a transn@ﬁféf%&gﬁ@oancm@@mpémvbﬁ OEOPEuBdSsHBIsSidhdfein thicdsbisnrom 512 to
16384. Similar to the 1.25 bandwidth series explained above, an OFDM/OFDMA system

with a fixed subcarrier spacing value Af =12.5kHz may be used for the 3.5 bandwidth
series. As shown in Figure 15, the sampling frequencies can be 6.4, 12.8, 25.6, 51.2,

102.4, and 204.8 MHz . For this example, the number of occupied subcarriers for channel
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., 7, + I, =

2.97/10/16.72 us) can be chosen based on the same Af ~ 12.5kHz condition. The variable

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

respectively, and can be used for small, regular, and large cell site (Figure 1) deployment.
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subcarriers comprise a fixed subcarrier spacing chosen such that the OFDM subcarriers are scalable
in number to utilize any of the RF channels, wherein the fixed subcarricr spacing comprises one of the

group consis{ig Rhekewel0kHz, 12.5 KHz , and multiple of 10kllz or 12.5k¢lg sbel/am#9k1-1z, and
25 KHz . 102.The OFDM communication system of claim 1, wherein the fixed subcarrier spacing that

can divide t?r%ﬁlflocated andwidth evenl is chosen to %E imize bandwidth efficiency. 3. The
OFDM commHGET P45 R B Siafit PR ERSIRSHET PMHOERNLS SYRERL thaf bR a
channel raste(tergf,&h@i(,l—lm@df,%ﬁKM@)&VEﬂfﬁ&tﬁniEﬁh(fmm(ﬁgtjrﬂ}zﬁtbﬁﬂgww,thlﬁf@maﬁmﬁons 4. The

or 21 675K117 BT GRLR SSIRAC TS S LECH o7l o AR RO aion
system is an OF DMA gﬁ g@ﬁgt@ﬂa %EEFQ g%a rﬁ?e i Qﬂx %ﬁ%}cglon syster) %copgﬁl(gng a

plurality of radio freqt channels comptis& dissimilar bandwidths,

the OFDM comaglleaggfesmstwomrmng« T, REBHSTHSEMIRHPISYIdInG apkwalinga{PFDM
subcarriers, wherein the OFDM subdarriers comprise a fixed subcarrier spacing chosen such that the
OFDM subcatrdassrission 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 s respectively. Similarly, the cyclic prefix
duration of the TTG(DL), TTG(UL), and RTG, for the Long sub-frame and a Normal
cyclic prefix, may be about 60 ps, 59.68 ps, 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; + 1, ) values
that may be used according to embodiments of the invention. For example, overhead
values for a 1.25 MHz channel transmission bandwidth BW may be about 2.5/9.3716.87
for a Short cyclic prefix, Normal cyclic prefix, and Long cyclic prefix respectively

(compared to 3.125/10/16.875 ps 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 explained 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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25are sealable in number to utilize any of the RE' channels; MCSLLP a processor module
operable to provide a flexible radio frame structure comprising a plurality of variable length cyclic

prefixes operghiedessbeRF channels; and a plurality of OFIDM framesgpgR&GesnRrGsNg one of the
variable length cyclic prefixes, and one of a plurality of data symbols. 7.The OFDM communication

system of claim 6, wherein the variable length cyclic prefixes comprise a set of predefined cyclic prefix

durations for BakR B SHaHERTSs 2Pe2OMISKI EYrHn BFEX G sy Ste oY d8in 2- Wik théSame set

of 10cyclic prefissduratipnsimiised e muliple airalRFIChaINetsrG(ULY; ZMErQEDd gammymshication
system of clai % wherein each of the ya%%t‘)fjlg Iar:%];th cyclic prefixes can be dgnamicalli selected for

each of the RT'eHEe0d 2 Lenerfuchs ditcafiBh 8stBRtbrdamm BlGuaRSrcomprising a

plurality of variaptetsizly sattet @ores each comprising a subset of the OFDM frames.
[0116] Figure 19 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
1.25 MHz bandwidth series with a 0.675 ms sub-frame according to an embodiment of
the invention. For example, as shown in Figure 19, the duration for the TTG(DL),
TTG(UL), and RTG for a 0.675 ms sub-frame and a Short cyclic prefix (2.5 ps), may be
15, 12.5, and 2.5 ps respectively. Similarly, the duration for the TTG(DL), TTG(UL), and
RTG for a 0.675 ms sub-frame and a Long cyclic prefix (15 ps), may be 93.75, 91.25, and

2.5 ps respectively, and so on.

[0117] Figure 20 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
1.25 MHz bandwidth series with a 1 ms sub-frame according to an embodiment of the
invention. For example, as shown in Figure 20, the duration for the TTG(DL), TTG(UL),
and RTG for a 1 ms sub-frame with a Short cyclic prefix (2.5 ps), may be 10, 7.5, and 2.5
us respectively. Similarly, the duration for the TTG(DL), TTG(UL), and RTG for a 0.675
ms sub-frame and a Long cyclic prefix (15 us), 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 ps), may be 15, 12.5, and 2.5 ps
respectively. Similarly, the duration for the TTG(DL), TTG(UL), and RTG for a 1.5 ms
sub-frame and a Long cyclic prefix (15 us), may be 46.875, 44.375, and 2.5 us

respectively, and so on.

[0119] Figure 22 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
1.25 MHz bandwidth series with a 2 ms sub frame according to an embodiment of the
invention. For example, as shown in Figure 22, the duration of the TTG(DL), TTG(UL),
and RTG for a 2 ms sub-frame with a Short cyclic prefix (2.5 ps), 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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1511,The OFDM communication system of claim 10, further comprising a plurality of timing gaps
associated with at least one of the variable size sub-frames, wherein the timing gaps are calculated

based, at leastdgnpaihson@ duration of at least one of the variable length cyehaRsgib@sss1 12 The
OFDM communication system of claim II, wherein the timing gaps 20provide protection for timing
variations at signal reception. 13. The OFDM communication system of claim 12, wherein the
timing gap is PacsbrZete Bl Qufofinlik REBHramets): may bengbot i edtimimsicafionssystem of

claim 12, whesgpadfiectiming &aghis placed at the beginning of an uplink sub-frame. MCSLLP 15.
The OFDM communication system of claims 13 and 14, wherein the transmit-transition gap (TTG) of a

frame is congjigted]diitheet2Aiiid: greqrefr amestompliink tatile- friibas  DEGARIO KIS Aheatimisigrgap from uplink
sub-frame (L' 37l danawiadOscHiE QEPMSOMMURIGAIRD Rystemalelaim & Juither gafrprising a
channel transmission bandwidth BW of 20 MHz according to an embodiment of the
invention. For example, as shown in Figure 23, the duration of the TTG(DL), TTG(UL),
and RTG for a 2.5 ms sub-frame with a Short cyclic prefix (2.5 us), may be 25, 22.5, and
2.5 ps respectively. Similarly, the duration for the TTG(DL), TTG(UL), and RTG for a
2.5 ms sub-frame and a Long cyclic prefix (15 ps), may be about 78.125,75.625, and 2.5

ps respectively, and so on.

[0121] Alternatively, systems 600 and 700 may operate with different fixed subcarrier
spacing and hence provide different scalability properties. In this manner embodiments of
the invention can offer compatibility with various communication systems. For example,
Figures 24-26 illustrate exemplary tables of basic OFDM/OFDMA parameters for a 5
MH?z 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 A/ =10.9375 KHz corresponds to that used in IEEE 802.16e (WiIMAX).

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

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

invention. However, IEEE 802.16¢ version of Mobile WiMAX has chosen Af =10.9375

kHz for SMHz and 10MHz channel bandwidths deployment. For some backward
compatibility consideration, Af =10.9375 or Af=21.875kHz can be used for other

channel bandwidths deployment for IEEE 802.16m version of future WiMAX. According
to this embodiment of the invention, the FFT size N, is scalable from 512 to 2048. The
sampling frequency (e.g., Fy =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 may be 421, 589, 735, 841, 1177, 1681

respectively in this example. A Short cyclic prefix , a Normal cyclic prefix, a Long cyclic
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5plurality of variable radio frame configurations for transmission through one of the RE channels,
wherein the variable radio frame configurations comprise a subset of the variable size sub-frames.

17. The OFDM & ossnMnisation system of claim 7, wherein the set of cyclicgerekixfugatiens are chosen
based at least in part on a condition of each of the RE 10channels. 18. A communication system

comprising: t least one 1téas station, supparting.variable. cyclic.pr él duratign herein the
variable cycligrﬁé‘fix B K 651}:085o?@rlf%gggﬁ(gfggzie$?%§?5§a8g%ag 2’0} ]tl'?é%t?gﬁgtzoﬁ& ase
station and WhEESIN flheardsiadiesey che theefid A siiokds/alte ehitesen based on a 15fixed subcaxrier
spacing; and a processor module for providing a flexible radio frame structure utilizing the variable
size cyclic prgfixedpraiffasnvenbrzimizaitiexibie rAgiq frame birdesigeets hised dry difeerhiegstione base
station for transmitting data wirelesslig to a mobile station. 19. The communication system of claim

18, wherein tREfiXetrEtitoearthsh 20 & e pRsdomal qyelic prefix syratascoRiteriedidn system
of claim 19, whsI gD a ARG GYHEL T, ... =0.5,0.675, 1, 1.5,2, and 2.5, and the cyclic prefix

duration for these sub-frames may be selected from the above cyclic prefix values. For
example, for a 0.5 ms sub-frame duration at 5 MHz channel transmission bandwidth
BW ,a Short cyclic prefix of 2.857 ps can be selected thereby allowing S OFDM/OFDMA
symbol per frame to be transmitted. The duration for the TTG(DL), TTG(UL), and RTG
(Figure 12) may vary based upon to the size of the sub-frames and the corresponding
cyclic prefixes. For example, as shown in Figure 25, for the 5 MHz bandwidth series, the
duration for the TTG(DL) or TTG(UL), for a 0.5 ms sub-frame and a Short cyclic prefix
(2.857 ps), may be 28.571 ps. Similarly, the duration for the TTG(DL) or TTG(UL), for a
0.5 ms sub~frame and a Long cyclic prefix (17.142 us), may be 65.71 us, and so on.

[0124] Figure 25 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
5 MHz bandwidth series according to an embodiment of the invention. In this example,

the FFT size N is scalable from 512 to 2048 A fixed subcarrier spacing value
Af =12.5kHz (similar to the 1.25 bandwidth series) may be used for the 5 MHz

bandwidth series.

[0125] The sampling frequency (e.g., Fy = 6.4, 12.8, 12.8, 12.8, 25.6, and 25.6 MHz) is
calculated for the 5, 7, 8.75, 10, 14, and 20 MHz channel transmission bandwidth BW

respectively as explained above. For this example, the number of occupied subcarriers for
channel transmission bandwidth BW of 5, 7, 8.75, 10, 14, and 20 MHz is 401, 561, 701,
801, 1121, 4481 and 1601 respectively. A Short cyclic prefix, a Normal cyclic prefix, a
Long cyclic prefix, and another Long cyclic prefix (CP2) durations of 2.5, 10, 15, and 20

s can be chosen for these channel transmission bandwidths.

[0126] Different sub-frames durations T, ,,, can be designed based on different cyclic

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

Toprame = 0.5, 0675, 1, 1.5, 2, and 2.5, and the cyclic prefix duration for these sub-
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prefix durations, plus a timing window, comprise one of the group consisting of: about 3.125 us, 10 us,
and 16.875 us for a nx1.25 MHz bandwidth series. 21. The communication system of claim 19,

wherein the v@adahie gyals 25prefix durations, plus a timing window, compgise,paaaidhggroup
consisting of: about 3.281 us, 10 us, and 16.178 us for a rix3.5 MHz bandwidth series. MCSLLP

22.The communication system of claim 19, wherein the variable cyclic prefix durations, plus a timing

window, com e bi@Yobere gt fTeBheistnG bF aBbaP 25cyslio BreEt cusira d 8 78IRS f0FH nx1.25
MHz and a né%&&M%%%@%Q%%ﬁ%é&@ﬁﬁﬂat%omm}fai‘Eﬁﬁi@&%@&%ﬂv&@mﬁ’Mﬁ?fein the

variable cyclic pre fix durations comprise one of the group consisting of: about 2.5 ps, 10 us, 15 ps,

and 20 us forasaitHprbandwidinsefids) 24, Frebsotelanidcats meysteradotlsinths TWhéekdin the fixed
subcarrier TTG(UL), and RTG (Figure 12) may vary based upon to the size of the sub-frame and the

corresponding cyclic prefixes. For example, as shown in Figure 18, for the transmission
bandwidth BW of 5 MHz , the duration for the TTG(DL) or TTG(UL), for a 0.5 ms sub-
frame and a Short cyclic prefix (2.5 ps), may be 5 ps. Similarly, the duration for the
TTG(DL) or TTG(UL), for a 0.5 ms sub-frame and a Long cyclic prefix (15 pus), may be

120 ps, and so on.

[0127] Figure 26 illustrates an exemplary table of basic OFDM/OFDMA parameters for a
5 MHz bandwidth series with a subcarrier spacing Af =~ 25KHz according to an

embodiment of the invention. The FFT size N, is scalable from 256 to 1024 (e.g., 256,
512,512, 512, 1024, and 1024). The sampling frequency (e.g., F, = 6.4, 12.8, 12.8, 12.8,
25.6, and 25.6 MHz) is calculated for the 5, 7, 8.75, 10, 14, and 20 MHz channel
transmission bandwidths BW respectively as explained above. The number of occupied
subcarriers for these channel transmission bandwidths can be 201, 281, 351, 401, 561, and
801 respectively. A Short cyclic prefix , a Normal cyclic prefix , a Long cyclic prefix, and
another Long cyclic prefix (CP2) durations of 2.857 us, 11.428 ps, 17.142 ps, and 22.857

s can be chosen for these channel transmission bandwidths.

[0128] Different sub-frames durations 7§

wb-frame €21 bE designed based on different cyclic
prefix durations such as Short, Long, and Normal cyclic prefix durations. For example,

sub-frame durations may be 7, ;... =0.5,0.675, 1, 1.5, 2, and 2.5, and the cyclic prefix

duration for these sub-frames may be selected from the above cyclic prefix values. For
example, for a 0.5 ms sub-frame duration at 5 MHz bandwidth, a Short cyclic prefix of
2.5 us can be selected thereby allowing 11 OFDM/OFDMA symbols per frame to be
transmitted in this frame. The duration for the TTG(DL), TTG(UL), and RTG (Figure 12)
may vary based upon to the size of the sub-frames and the corresponding cyclic prefixes.
For example, as shown in Figure 26, for a channel transmission bandwidth of 5 MHz , the

duration for the TTG(DL), or TTG(UL), for a 0.5 ms sub-frame and a Short cyclic prefix
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spacing comprises about 10.9375 KHz . 1025.The communication system of claim 24, wherein the
variable cyclic prefix durations comprise one of the group consisting of about 2.857 us, 11.428 us,

17.142 us, aRgR5ékRsfor a 5 MHz bandwidth series. 26.The communigationssysiasgsef claim 18,
wherein the fixed suhcarric spacing comprises about 25 KHz . 1527.The communication system of
claim 26, wherein the variable cyclic prefix durations comprise one of the gro%p consisting of about 2.5

p.s, 10 us, 1592 HShdB Rsr 325 ki Bstatbiathedpaiion for thegl HEDLnmliEatoh §&d of claim
18, wherein afirsticyrliaislin derptigriiopafitstiBass, stalioe differs.fiom grsecond cyclic prefix

duration for a second 20base station. 29. The communication system of claim 18, wherein the

flexible radio f0ap9¢ Bipuesure compLseS AbO thstadivitame OFDMBOFDheLORIRHIRicatiotsystem of
claim 18, wherein. the c1‘]}exible radj[o framg gtruct Ee coq:grise sub-frgmes which com Srigg titéb-frame

duration optiche BAESA S S SRa LRI & RIS HrRifbRsaccording To embodime

invention. The various tasks performed in connection with these processes may be
performed by software, hardware, firmware, a computer-readable medium having
computer executable instructions for performing the process method, or any combination
thereof. It should be appreciated that process 2700 may include any number of additional
or alternative tasks. The tasks shown in Figures 27 need not be performed in the
illustrated order, and these processes may be incorporated into a more comprehensive
procedure or process having additional functionality not described in detail herein. For
illustrative purposes, the following description of process 2700 may refer to elements
mentioned above in connection with Figures 6-26. In various embodiments, portions of
process 2700 may be performed by different elements of systems 600-700 e.g.,
transceivers and processors. OFDM/OFDMA process 2700 may share same
OFDM/OFDMA definitions and functionalities as explained above in the context of
Figures 6-26, therefore these definitions and the functionalities are not redundantly

explained herein.

[0130] Process 2700 may begin with the OFDM/OFDMA transmitter 701 receiving time
domain OFDM data symbols for transmission on an RF channel (task 2702). Netx, the
cyclic prefix selector 709 selects a cyclic prefix from a plurality of variable length cyclic
prefixes (task 2704). The cyclic prefix may be selected from a plurality of cyclic prefixes
available for the RF channel. For example, as shown in Figure 14, the RF channel may
comprise a plurality of variable length cyclic prefixes that range from 5-864 samples for

various channel transmission bandwidths in the RF channel.

[0131] As shown in Figure 14, for a 1.25 MHz channel transmission bandwidth BW, a
set of variable length cyclic prefix comprises a Short, a Normal and a Long cyclic prefix
length comprising S, 16, and 27 samples respectively. These cyclic prefixes may be scaled
to obtain the set of cyclic prefixes for each of the other channel transmission BW (RF
channels). For example, a short cyclic prefix (e.g., 5 samples) can be scaled to obtain a

10, 20, 40 and 80 samples for the channel transmission bandwidths BW of 2.5, 5, 10, 20,
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MCSLLP 31. The communication system of claim 30, wherein the sub-frame duration options
comprise one of the group consisting of: about 0.5 ms, 0.675 ms, 1 ms, 1,25 ms, 1.5ins, 2 ms, and 2.5

ms. 32. The sp)eypisation system of claim 30, wherein the sub-framg duratignaqRtiens allow a

system to reduce interference with systems based on a plurality of industry standards. 33. The
communication system of claim 32, wherein the industry standards comprise one of the group

consisting of:2flift) G¥AEr 46 Bite AP P e ct oSt stiiBdoltansigsiop Paofrydths: the

Generation Payinershinraeiess2doirek pbienlBneachanséd aPng Mid)addRen the context
Division-Synchronous Code Division Multiple Access (TD-SCDMA), and Wireless Interoperability for

Microwave AQLESERHRILXF 18U 8% The communication system of claim 30, wherein the sub-frames
comprise a plw’ﬁi%/ thosélég)s_ fﬁe}%etﬁiaznegdds the selected cyclic prefix into each of the time domain
OFDM/OFDMA data symbols to obtain a plurality of OFDM frames (task 2706) using the
add cyclic prefix module 710. The selected cyclic prefix may be in the form of digital
samples of the corresponding cyclic prefix duration. Process 2700 may then transmits the
OFDM frames on the radio channel such as the radio channel 714 (task 2708). In this
manner, process 2700 adds the OFDM frames to a variable size sub-frame prior to

transmitting the OFDM frames on the channel.

[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
improve 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 that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or 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 configurations, but can be implemented using a variety
of alternative architectures and configurations. Additionally, although the disclosure is
described above in terms of various exemplary embodiments and implementations, it
should be understood that the various features and functionality described in one or more
of the individual embodiments are not limited in their applicability to the particular
embodiment with which they are described. They instead can, be applied, alone or in
some combination, to one or more of the other embodiments of the disclosure, whether or

not such embodiments are described, and whether or not such features are presented as
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35. The communication system of claim 34, wherein the variable cyclic 15prefix durations are selected
for each of the sub-frame sizes. 36. The communication system of claim 30, wherein the processor

module is furlRgr.apesallg to calculate a plurality of timing gaps associategitpsabdgagisene of the
sub-frames, wherein the timing gaps are calculated based in part on the variable cyclic prefix

durations. 2037.The communication system fclaim% ,wtll%r in the timi aps comprise one of the
group consistiig & PHafni %cr‘i&’l i BT RS hin %Hﬁlé I%’(ﬁ‘%’?‘ 51‘192% fsSloH MR Yap for a
downlink uplidisdid€s{©dhnahda tealhmnit igcaiye fithtnd gapdddrByd IR etp iy RMICERA. radio frame
structure for communication in an RE 25channel in a wireless network, the radio frame structure

comprising: [0135pIirdlity ddaOmDNY Sypriviols ‘erdnledrsprisihcaciariafsies tychdtpratixiaoresion and an
at least one %EB%P@%&W@MM&%&% these elements for performing the associated functions
described herein. Additionally, for purpose of discussion, the various modules are
described as discrete modules; however, as would be apparent to one of ordinary skill in
the art, two or more modules may be combined to form a single module that performs the

associated functions according embodiments of the 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 executed, enable the computing system.

[0137] It will be appreciated 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 functional units, processors or domains may be used without detracting from the
invention. For example, functionality illustrated to be performed by separate processors or
controllers may be performed by the same processor 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 variations 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,” “traditional,” “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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a plurality of variable size sub-frames formed from a subset of the O -DM symbols: a plurality of
radio frames for transmitting a subset of the variable size sub-frames through the RF channel; and 5a

plurality of tigipg,gaRrsAssociated with the radio frames for providing a proteqlied foudiiyikg variations
at signal reception, wherein the timing gaps are calculated based at least in part on the variable cyclic

prefix duration. 39.The OFDM/OEDMA radio frame structure of claim 38 further ~ comprising a
sub-frame strifc@tird'fsh teahlame efze Giviraimes Brhdngitrgt Tracabmpsinbeds-bafedald  an

uplink sub-fragagsiassetdibentipiak sthtione anenthe devWwilindfUbcame pRe thRsame BE channel
for communication, and wherein the downlink sub-frame operates with the uplink syb-frame to achieve
o maximurn (AR GRS FEhT AhatFh BTBAM JEAENFRe DA SRR PG e iture of

claim 39, wheteirdhpdtsinsmind®cdivel & ansitio netidngs gaguisitay gett thah atdunesfrigneeltivhfrem a

mobile station. g, Ihe. edac ofa semmunication cellof 8 bageistation oahe fase glation, . .q, 41- The
OEDM/OEDMA Tadio frame structdre of eraim %? Wherein the variable Cyclic prefix durstion s based

on a number sRFDMsbcaliawaised erthoRORE trkahetith theadniirstOR DI DEDVMAtradio
frame structufg of Glalm 38 WD HIG R ING AEIWRTARITPIRE 380 FaF- 884 1RMuStand i agmork.

“and/or” unless expressly stated otherwise. Furthermore, although items, elements or
components of the disclosure may be described or claimed 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 components,
may be employed in embodiments of the invention. It will be appreciated 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 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 the 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 a strict logical or

physical structure or organization.

[0140] Furthermore, although individually listed, a plurality of means, elements or method
steps may be implemented by, for example, a single unit or pfocessing logic element.
Additionally, although individual features may be included in different claims, these may
possibly be advantageously combined. The inclusion in different claims does not imply
that a combination of features is not feasible and/or advantageous. Also, the inclusion of a
feature in one category of claims does not imply a limitation to this category, but rather the

feature may be equally applicable to other claim categories, as appropriate,
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43. A communication system comprising a plurality of RF channels, wherein the RE channels
comprise dissimilar channel bandwidths, the communication system 25comprising: an inverse fast
Fourier transform module operable for transforming a plurality of frequency d&#f@ihldata symbols into
a plurality of time domain data symbols respectively; MCSLLP a cyclic prefix selector module
operable for selecting a cyclic prefix from a plurality of variable length cyclic prefixes to obtain a
selected cyclic prefix; 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; and a processor module
operable for: WH‘ﬁTo{ﬁocﬁIrgAg\ﬂ a{i%):/ of variable size sub-frames formed from a subset of the OFDM
frames; providing a plurality of radio frames thr transmitting a subset of the variable size sub-frames
through at least onelof the REE@RBMAelspanthication system comprising:

a plurality of radio frequency (RF) channels, wherein the RF channels comprise
dissimilar bandwidths; and
5 a transmitter for providing a plurality of OFDM subcarriers, wherein the OFDM
subcarriers comprise a fixed subcarrier spacing chosen such that the OFDM subcarriers
are scalable in number to utilize any of the RF channels, 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 .

10 2. The OFDM communication system of claim 1, wherein the fixed
subcarrier spacing that can divide the allocated bandwidth evenly is chosen to optimize

bandwidth efficiency.

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

15 chosen to optimize bandwidth efficiency.

4, The OFDM communication system of claim 1, wherein the fixed

subcarrier spacing comprises 10.9375kHz or 21.875kHz.

5. The OFDM communication system of claim 1, wherein the OFDM

communication system is an OFDMA communication system.

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

a transmitter for providing a plurality of OFDM subcarriers, wherein the OFDM
subcarriers comprise a fixed subcarrier spacing chosen such that the OFDM subcarriers

25  are scalable in number to utilize any of the RF channels;
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10 calculating a plurality of timing gaps associated with at least one of the variable size sub-frames for
providing a protection Rr timing variations at signal reception, wherein the timin&%;lps are calculated
based at least in part on a cyclic prefix duration of ihe selected cyclic prefix. Htfe
communication system of the claim 43, wherein a cyclic prefix 15duration of the selected cyclic prefix
is determined based on a sampling rate of one of the RE channels. 45. A method for
communication in a communication system, the method comprising: receiving a plurality of time
domain data symbobs RioResismiBNeAlDoazadie Joctaride fSetddingedioydlionprefixdrons a

plurality of vagiahigilangth @ﬁ?&ﬁtprsmﬁemg@éﬂgm retsd eydlic sl for AldiNG gﬁﬁlﬁa@cted

cyclic prefix into each of the time domain data symbals to obtain a plurality of OFDM frames; and
25transm|tt|n§n@1e OFDM frames on the radio channel. 46. The method of claim 45, further

comprising adding the,QRFRN FAMEDIA frames each comprising one of the variable length cyclic

5  prefixes, and one of a plurality of data symbols.

7. The OFDM communication system of claim 6, wherein the variable
length cyclic prefixes comprise a set of predefined cyclic prefix durations for each RF

channel.

8. The OFDM communication system of claim 7, wherein the same set of

10 cyclic prefix durations is used by multiple or all RF channels.

9. The OFDM communication system of claim 6, wherein each of the

variable length cyclic prefixes can be dynamically selected for each of the RF channels.

10. The OFDM communication system of claim 6, further comprising a

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

15 11. The OFDM communication system of claim 10, further comprising a
plurality 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 length cyclic prefixes.

12. The OFDM communication system of claim 11, wherein the timing gaps

20 provide protection for timing variations at signal reception.

13. The OFDM communication system of claim 12, wherein the timing gap

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

14. The OFDM communication system of claim 12, wherein the timing gap

is placed at the beginning of an uplink sub-frame.
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a flexible sub-frame prior to transmitting. MCSLLP 47.The method of claim 46, 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 dliFatidit of the selected
cyclic prefix. 548.The method of claim 46, further comprising forming a radio frame comprising the
flexible sub-frame prior to transmitting. 49. 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 10¢harfABPM ceptevtingpiaynetprefd febtima pliirang) bt vanassie [Bigth cyclic
prefixes for the tadie. channeh I.gRtes seleetad CYCUs RIS of the timing gap from downlink

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

16. The OFDM communication system of claim 10, further comprising a
5  plurality of variable radio frame configurations for transmission through one of the RF
channels, wherein the variable radio frame configurations comprise a subset of the

variable size sub-frames.

17. The OFDM communication system of claim 7, wherein the set of cyclic
prefix durations are chosen based at least in part on a condition of each of the RF

10 channels.

18. A communication system comprising:
at least one base station supporting variable cyclic prefix durations, wherein the
variable cyclic prefix durations are chosen based on a cell coverage area of the at least
one base station and wherein the variable cyclic prefix durations are chosen based on a
15 fixed subcarrier spacing; and
a processor module for 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.

19. The communication system of claim 18, wherein the fixed subcarrier

20 spacing comprises 12.5 KHz.

20.  The communication system of claim 19, wherein the variable cyclic
prefix durations, plus a timing window, comprise one of the group consisting of: about

3.125 us, 10 ps, and 16.875 us for a nx1.25 MHz bandwidth series.

21. The communication system of claim 19, wherein the variable cyclic
25  prefix durations, plus a timing window, comprise one of the group consisting of: about

3.281 ps, 10 ps, and 16.178 ps for a nx3.5 MHz bandwidth series.
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adding the selected cyclic prefix into each of the time domain data symbols to obtain a plurality of OF
DM frames; and adding the OFDM frames to a flexible sub-frame prior to tranﬁ‘rpitmg, the frames on
the radio channel. 50. The computer-readable medium of claim 49, further é8mprising program
code for: providing a plurality of variable size sub-frames formed from a subset of the 20 OFDM
frames; providing a plurality of radio frames for transmitting a subset of the variable size
sub-frames through the radio channel; and calculating a plurality of timing gaps associated with at
least one of the varidble siZbsghramEsAdrhrigmgod sfatactidn whensimghranatiabls 405k nal

reception, 2SYereil R AHBSPARAIE GRIGRISE psed ahieashin ot pRa el pref guration o

the selected C prefi 51. The computer-readable medium of claim 49, further comprising
program cod@.fopfordriiig avasid ftaméscompeising the flekible wbtf@arﬁﬁfé.éﬁd}dﬂé&raﬁsdwf%.
series.
5 23.  The communication system of claim 19, wherein the variable cyclic

prefix durations comprise one of the group consisting of: about 2.5 ps, 10 ps, 15 s, and

20 ps for a 5 MHz bandwidth series.

24, The communication system of claim 18, wherein the fixed subcarrier

spacing comprises about 10.9375 KHz .

10 25.  The communication system of claim 24, wherein the variable cyclic
prefix durations comprise one of the group consisting of: about 2.857 us, 11.428 ps,

17.142 ps, and 22.857 us for a 5 MHz bandwidth series.

26. The communication system of claim 18, wherein the fixed subcarrier

spacing comprises about 25 KHz .

15 27.  The communication system of claim 26, wherein the variable cyclic

prefix durations comprise one of the group consisting of: about 2.5 ps, 10 us, 15 ps, and

20 fora 5 KHz bandwidth series.

28. The communication system of claim 18, wherein a first cyclic prefix
duration for a first base station differs from a second cyclic prefix duration for a second

20  base station.

29.  The communication system of claim 18, wherein the flexible radio frame

structure comprises a 10 ms radio frame.

30. The communication system of claim 18, wherein the flexible radio frame
structure comprises sub-frames which comprise sub-frame duration options based on

25  the variable cyclic prefix durations.
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31.  The communication system of claim 30, wherein the sub-frame duration
options 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.

32.  The communication system of claim 30, wherein the sub-frame duration
options allow a system to reduce interference with systems based on a plurality of

industry standards.

33.  The communication system of claim 32, 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
Broadband (3Gpp2 UMB), Time Division-Synchronous Code Division Multiple Access
(TD-SCDMA), and Wireless Interoperability for Microwave Access (WiMAX).

34.  The communication system of claim 30, wherein the sub-frames

comprise a plurality of sub-frame sizes.

35.  The communication system of claim 34, wherein the variable cyclic

prefix durations are selected for each of the sub-frame sizes.

36.  The communication system of claim 30, 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.

37.  The communication system of claim 36, wherein the timing gaps
comprise one of the group consisting of: a transmission timing gap for an uplink
TTG(UL), a transmission timing gap for a downlink uplink TTG(DL), and a transmit-
receive timing gap (RTG).

38.  An OFDM/OFDMA radio frame structure for communication in an RF
channel in a wireless network, the radio frame structure comprising:
a plurality of OFDM symbols each comprising a variable cyclic prefix duration

and an at least one OFDM data symbol;
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a plurality of variable size sub-frames formed from a subset of the OFDM
symbols;

a plurality of radio frames for transmitting a subset of the variable 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 cyclic prefix duration.

39, The OFDM/OFDMA radio frame structure of claim 38, further
comprising a sub-frame structure for the variable size sub-frames comprising:

a downlink sub-frame; and

an uplink sub-frame, wherein the uplink sub-frame and the downlink sub-frame
use the same RF channel for communication, and wherein the downlink sub-frame
operates with the uplink sub-frame to achieve a maximum transmit-receive transition

time gap.

40. The OFDM/OFDMA radio frame structure of claim 39, wherein 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.

41, The OFDM/OFDMA radio frame structure of claim 38, wherein the
variable cyclic prefix duration is based on a number of OFDM subcarriers used on the

RF channel.

42, The OFDM/OFDMA radio frame structure of claim 38, wherein the

network comprises an IEEE 802.16m standard network.

43, A communication system comprising a plurality of RF channels, wherein
the RF channels comprise dissimilar channel bandwidths, the communication system
comprising:

an inverse fast Fourier transform module operable for transforming a plurality of
frequency domain data symbols into a plurality of time domain data symbols

respectively;
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a cyclic prefix selector module operable for selecting a cyclic prefix from a
plurality of variable length cyclic prefixes to obtain a selected cyclic prefix;
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; and
a processor module operable for:
providing a plurality of variable size sub-frames formed from a subset of
the OFDM frames;
providing a plurality of radio frames for transmitting a subset of the
variable size sub-frames through at least one of the RF channels; and
calculating 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, wherein the timing gaps are calculated based at least in part on a

cyclic prefix duration of the selected cyclic prefix.

44.  The communication system of the claim 43, wherein a cyclic prefix
duration of the selected cyclic prefix is determined based on a sampling rate of one of

the RF channels.

45. A method for communication in a 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;

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

transmitting the OFDM frames on the radio channel.

46. The method of claim 45, further comprising adding the OFDM frames to

a flexible sub-frame prior to transmitting.
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47.  The method of claim 46, 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 duration of the

selected cyclic prefix.

48.  The method of claim 46, further comprising forming a radio frame

comprising the flexible sub-frame prior to transmitting.

49. 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 cyclic prefixes for the
radio channel to obtain a selected cyclic prefix;

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

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

50.  The computer-readable medium of claim 49, further comprising program
code for:

providing a plurality of variable size sub-frames formed from a subset of the
OFDM frames;

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

calculating 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,
wherein the timing gaps are calculated based at least in part on a cyclic prefix duration

of the selected cyclic prefix.

51.  The computer-readable medium of claim 49, further comprising program

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