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TRANSM SSI ON OF DI G TAL SI GNALS BY ORTHOGONAL FREQUENCY

DI VI SI ON MULTI PLEXI NG BACKGROUND OF THE I NVENTION 5

1. Field of tvmodagsesnti on The present inventi onpepisybeRsi
generally to the transm ssion digital by ort hogonal frequency division
mul tiplexing (OFDM). Mre specifically, the 10 invention relates to OFDM
devi ces and systens that are used in the transm ssion of digital

si gnal s. TRANSMISSION OF DIGITARSIGNALS BY @QRTHOGONALhogonal
frequency divi sion rrulFREQHEbKZY@MSI@MME&HD]REEXING for broadcasting
high rate digital signals, for exanple high definition t el evi si on
(HDTV) signals. In OFDM systens, a single high rate data stream i's

di vi ded into several par Gmlﬂﬁ)egfumﬁ INVENTIONeach substream

bei ng use@ to nodul ate a respective subcarrier frequency. 20 - The

nodul ation t G:DIVI systens is referred to as quadrature
anpl i tude m)gc*shla |on ng ﬂtﬂ)l h which both the phase and the anpl i tude

of the carrier frehdphadnirveARON rabed. %én@r ormett!r@{shqasxon dlguamsml ex QAM
symbol s are generated fromplural data hits, "with each

i ncluding a pg&lognnﬂb%ﬂqeemfi&ﬁaoarmulﬁugemg QHME Merer ?ﬁe&ﬁm@}s thﬁﬁ th each
symbol T qgr eg B! W BN Befibdss ah aLa Rk tnal alSused in GRBErated

A plurality o i'ts are transm In a pattern can

be graphi cal tsanseyississeoft digitilysignalsnpl ex pI ane Typ| cally, the patternis
referred to as a "constellation". By using QAM nodul ati on, an OFDM

system can inprove its efficiency. 30 It happens that when a signal
i s broadcast ILiDeseiptidr 6Phe Hebatbd Adt receiver by nore than one path. For
exanple, a signal froma single transmtter can propagate along a

o e oy bl
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i ntended for tdevisiof (DT V)isitiald) InQOPDNC Systeny] 2B glelHIGR rafReddis sRédtht ter.

is divided into several parallel low rate substreams, with each substream

being used to modulate a respective subcarrier frequency.

20 The modulation technique used in OFDM systems is referred to as
quadrature amplitude modulation (QAM), in which both the phase and the
amplitude of the carrier frequency are modulated. In QAM modulation,
complex QAM symbols are generated from plural data bits, with each
symbol including a real number term and an imaginary number term and

25 with each symbol representing the plural data bits from which it was
generated. A plurality of QAM bits are transmitted together in a pattern that
can be graphically represented by a complex plane. Typically, the pattern is
referred to as a "constellation”. By using QAM modulation, an OFDM
system can improve its efficiency.

30 It happens that when a signal is broadcast, it can propagate to a
receiver by more than one path. For example, a signal from a single
fransmitter can propagate along a straight line to a receiver, and it can also

be reflected off of physical objects to propagate along a different path to the
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Hence, .the sane signal will be transmtted to the receiver along nore than
5 one path. Such parallel propagation of signals, whether nman-made (i.e.,
caused by broadcasting the sanme signal fromnore than one transmtter) or
natural (i.e.wo6gsuesgRd by echoes) is referred to as "nul ti patitisseshiascan be
readily appreciated that while cellular digital broadcasting is
spectrally efficient, provisions nyst be nmade to effectively address
mul ti path considerations. 10 Fortunately, OFDM systens that use QAM
nodul ati on aweceivere Moreowtf,eitt happéns thes prhesenceysi¢mnubes pasorcalleddi ti ons

(which, as stated above, . nust_arise when cell uléﬁr br oadcast.i n
t echni ques ar"cellidar]) bropslgasiing toplvnique tovirfaeasei speckrat KHIQRNCY, ians‘ﬁﬂ%ch only
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equal i zati on i . ~I'n-contrast, 'syst ens t he
need for ‘50”%@(8%99%&19 grafléln P%a%hﬁ&k W fighad, | Whetheermah-mmde e,
i nserting a guard i nterval of agp opriate length at the beginning of each

synbol . Accorgius by broaidsiyg e sanid signak frofd’More dhamtonertransmiter) @ ef err ed
when multipath conditions are expected. Wth particular regard

to current ORBsy éiteermusad hynechoes)dn defarrpd to as "muliinath's elican beaeadibn s
useful and needed, in current systens, the dat . .Stream.,to he.broadcast
i s encoded tappeecigted gha eacé@iﬂi%%om 15 sp EHEF N th a
trellis coding schene. It sho bg n _ . : .jhvention is
equal 'y appl i%ﬂﬂfséorks&w&ee%g% Eo Sﬁ?cgﬁéﬁae&ré;@%ssﬁ@%%tﬁ%gﬂ%lgééﬁgf_\@ In a
typical tygllis C‘i’gh‘&ﬂat% ) QOFDM B§steRk ahat AR TDAM eRicadRMion lafe anore

convol utional encoder and then sutcessive bits are conbined in a bit group

that will becdretite @Nhs prewhce Seweiltipathi kenditiens riwhidr, caspstatedt dbovhe

nunber of bits per group being defined by an integer "m' (hence,_ each group

3 i s r efmuseariseowhen icallulay bzondeasting)techniquess pem pseddytbar Are QAMhe val ue

of "n Is four, five, six, oy.seven, although.it.can be Joreor | ess.
i_:usf\to séd.

Af t er " gr oupi rigeaRERtER; techpigyes i (W nBSiRgle [ RErien fFpapency 8 b

interl d. "int | DG, .S | ; ' 5
Foar r anged | Moepeicl o flfgle cobdi M st EOUBRY ecpblifd Tust |
channel degr aglahiddnto elfalizd eHahhels ThathHvie @8Rods! 45%tigles e cprimaryepath,

transmtted. I f,” during transm ssion of a non-interleaved signal, a
tenporary chasmnkbuch equalidatidruishdifitmiliotcexesuteUriderontiaet dn (PFidMheistames, an
entire word can be | ost bef ore the chanpel diat ulr bance apates, and it
can be diffictiietnesd fust complex sgqupkizers can be eliminated  altogether simply by

inserting a guard interval of appropriate length at the beginning of each
symbol. Accordingly, OFDM systems that use QAM modulation are
20 preferred when multipath conditions are expected.

With particular regard to current OFDM systems to understand why
the present invention is useful and needed, in current systems the data
stream to be broadcast is encoded twice, first with a Reed-Solomon encoder
and then with a trellis coding scheme. It should be noted that the present

25 invention is equally applicable to systems in which there is only one coding.
In a typical trellis coding scheme, the data siream is encoded with a
convolutional encoder and then successive bits are combined in a bit group
that will become a QAM symbol. Several bits are in a group, with the
number of bits per group being defined by an integer "m" (hence, each group



10 to know what information had been conveyed by the | ost word.

In contrast, if the letters of the five words are sequentially rearranged
(i.e., "interleaved") prior to transm ssion and a channel disturbance
occurs, wewasabs | etters m ght be | ost, perhaps one | etpcgfustsanagaor d.
Upon decodi ng the rearranged letters, however, all five words would
appear,. albeit with 15 several of the wrds mssing letters. It wll be
readily apprecia edd;pat under t hese circunstances, it would be

relatively edSyelesiedoAshaving achy démension) cBypieally, tee walug of "m”
b Y pasy T . el eay ol s.
substanti al | y ign i tfﬁ/eeﬁ%,'érest If'%ﬁélg‘;}ﬁtlbgﬁt er ]ea%lapg thhee mary synbol s

t he synbol s are nappetd to co ex ﬁ'i nci pl es not ed
above, nmulti pl exedddit 6;3’% thESBREC LANE HHRESH" 3ehﬁs h %&n 0
transmtted. & rgecogni zeghﬁ’gr e#%,ﬁﬁoé ve?lg' ?&?r ntbog%ﬁ%syst ens

that use the interleavelloveByetihfetioaving! clid imesdithat ¥RE e&EboIN swhiRh iglat a
bits are grouped into synbols prior to interleaving, exhibit

per f or mance stearravged rigssegueniceeto thereby rasdomizeopoientinl jeatos camsdidt bypns i n
whi ch sonme of the OFDM sub-carriers 25 are severely attenuated. As

further r ecog‘ﬁ}af‘_éﬂl frgradation; (To illupimate; ipposdfive words pxertowhe tramsmigietlor nance

il C1 pat b corttr GEnG KaBRTSgt of & pARINEREBY sighal, 2 Kimporay choenel .
f . ' 0

O Ty s @bl ks s Rnckdcb b RBECYH, cam b gt 1 ng

hé  recei ver

recei ved befei! the ¢RAMRS disturbance abates, and it can be difficRt MRS intdosdidie
I NVENTION 5 Accordingly, the present invention ains to provide a

system f ol  to know srketrinformation lipd bednecotivgyédhby ded st wotkdie presence of
mul ti path conditigns. The present invention also ains to provide a
system for transnilfcPigast;i§the letters ofthe fivegwords aratsequentiadlyoravangedci pl es,
whi ch perfor r@.e.? Qﬁ?&-ﬁé’gvjege)l f;rior to transmission and a channel disturbance occurs, -
several letters might be lost, perhaps one letter per word. Upon decoding
the rearranged letters, however, all five words would appear, albeit with
15  several of the words missing letters. It will be readily appreciated that under
these circumstances, it would be relatively easy for a digital decoder to
recover the data substantially in its entirety. After interleaving the m-ary
symbols, the symbols are mapped to complex symbols using QAM principles
noted above, multiplexed into their respective sub-carrier channels, and

20 transmitted.
As recognized herein, however, current OFDM systems that use the

above-mentioned trellis coding scheme, in which data bits are grouped into
symbols prior to interleaving, exhibit performance shortcomings in the
presence of multipath conditions in which some of the OFDM sub-carriers
25 are severely attenuated. As further recognized herein, it is possible to
improve the performance of OFDM systems in the presence of sub-carrier
attenuation caused by multipath conditions. As still further recognized

herein, the performance of such an OFDM system can be further improved



effectively. in the presence of sub-carrier attenuation in nmultipath 10
conditions. The present invention further ains to provide a system for
receiving high rate digital data which permits the use of soft decision
maki ng on a swbeskmpnel by sub-channel basis to determ ne Getrasssakises.

The present invention also ains to provide a systemfor transmtting high
rate digital data that is easy to use angl cost-effective to manufacture and
15 inplenent. I n one aspect the invention provides an

ort hogonal f rleyjusdesiaking soft dlegisiongmaking tat phesec¢ivrniv) delegmining rigpeived t er in
whi ch data bits are processed through an inner interleaver prior to
groupi ng t he éatasraludso multi-bit synbols. 20 I n anot her
aspect the invention provides a device, for an orthogonal frequency

di vi si on nul tipl exi ng (OFDM ﬁlﬁﬁ@ﬁﬁ’s{t ¢ %n%g)g ing digital ‘dat a
bits for transm ssion thereo? 0 a reéggiT\f/}g, t he g)\?/?ce conprising: an
outer integl eaver for_ process) the .datg.bits; an encoder for, encodi ng
said - eéproces#&ffo cﬁ{\g&, ﬁé irf’ﬁllﬁ?gfl‘?ilm’%‘?a‘f%v%lpsf g‘f HFRY ev?nﬁ’steﬁé%gﬁt a bits
fromthe 25 encoder and inteyrleavjng the data bits; and means,for

recei vi ng thetransmﬂh?&f}a%\ ot cligital datiin the prssencRof Patht and

generating a synbol . . . . . .. 5
r epr esent at i vEN®Present invepion; 4o pims tg prowidea sypiery farfransmitting higlher ei n
"m' is an integer greater than one. In an orthogonal frequency

di vi si on nul tiate eligited datrmgjng OFDM principles, which performs comparatively
effectively in the presence of sub-carrier attenuation in multipath

10 conditions. The present invention further aims to provide a system for
receiving high rate digital data which permits the use of soft decision
making on a sub-channel by sub-channel basis to determine data values.
The present invention also aims to provide a system for transmitting high
rate digital data that is easy to use and cost-effective to manufacture and

15 * implement.

In one aspect the invention provides an orthogonal frequency
division multiplex (OFDM) signal transmitter in which data bits are
processed through an inner interleaver prior to grouping the bits into
multi-bit symbols.

20 In another aspect the invention provides a device, for an orthogonal
frequency division multiplexing (OFDM) transmitter, for processing digital
data bits for transmission thereof to a receiver, the device comprising: an
outer interleaver for processing the data bits; an encoder for encoding said
processed bits; an inner interleaver for receiving the data bits from the

25 encoder and interleaving the data bits; and means for receiving the

interleaved data bits from the inner interleaver and generating a symbol



transmtter,. a device enbodying the invention is provided for processing
5 digital data bits for transm ssion thereof to a receiver. In the

enbodi nment t he device includes an outer interleaver, preferably a
Reed- Sol onbn WO®8/58485 synbol interleaver, for processingptfgsstabam bits
and an inner interleaver for receiving the processed output data bits
fromthe outer interleaver and I nterl eaving the data bits. Al so, the

device includes neans for receiving the 10 interleaved data bits fromthe
i nner i nt er | &psceRRAHvE il isHgcessivy is|from the innen dnterieavery ovisereim
successive bits fromthe inner interleaver, wherein "m' is an integer
great er than "Bhds an integer greaterthahe@nabl y, a convol uti onal encoder processes
bits between the inner and outer interleavers. Mreover, a neans nay
be provided for nmippiang ofthogermth Heqdeaty t livisidny mﬂﬁpleﬁn@cqoftmm

i ntended by the preferred enbodi ment, the mappi hg neans uses

quadr at ur e argnsiieter, "® deliek idbodying tl(leiMenh@nt i&eéll%wdﬁﬁﬁf ?eas%g\% | ex

synbols. In the case “wherein "nt is an teger at ual to
five (5), gh gﬁﬂmd@g ISt A Ihh

di st ances E{)etedl en nei 3ﬁor| ng sfﬁ%gﬁih%%sg%g]ar %etr 8‘?‘ &g{e H@he Sl gnal
space. the devideSirihfel A3 gutel @ﬁh%&&é gi@lab g, a{bﬁ foda S, C;as{gna'gﬁcgest ams

paral | el converter processes ITex s olI's™

ot ai f shos SRR dptertende 87 HnsfRl fhe SARhiR G, o e ppbiinalee 86

di scl osed i n _conbi nat,i on vmth 25 Igl C%DI\/Itran mtter, and in further
conbi nati on VEtHRVDE %c?gsg rqutput data bits from the outer interleaver and

interleaving the data bits. Also, the device includes means for receiving the

10 interleaved data bits from the inner interleaver and generating a symbol
representative of "m" successive bits from the inner interleaver, wherein
"m" is an integer greater than one.
Preferably, a convolutional encoder processes bits between the inner
and outer interleavers. Moreover, a means may be provided for mapping
15 each symbol to m-ary signal space. As intended by the preferred
embodiment, the mapping means uses quadrature amplitude modulation
(QAM) to thereby generate complex symbols. In the case wherein "m" is an
odd integer at least equal to five (5), the mapping means minimizes the sum
of the Hamming distances between neighboring symbols in a quadrant of
20  the signal space.
As disclosed in further detail below, a serial to parallel converter
processes the complex symbols into "n" substreams, wherein "n" is an
integer greater than one. A guard period generator establishes a guard

period in the signal streams. The device is disclosed in combination with

25 the OFDM transmitter, and in further combination with an OFDM system.
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transmttlng
mul ti pl exi ng
the bits; th

I n anot her aspect the invention provides a nethod for
digital data bits using orthogonal frequency division
(OFDM), conprising the steps of: convol utionally encodi ng
ewobsissagsl eavi ng the bits; then grouping "m' bi peTasespaasal 1 el to

5 establish a respective synbol . A nmethod for transmtting
digital. data bits using orthogonal ¢ frequency division nultiplexing
(OFDM i ncl udes convol utionally encoding the bits, then interl eaving

the bits. Ne
establish a
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eceV|n" nmpl.ex, synhol s..in_t.he OEDM si gnal ,
repreg‘erﬁ'?tnad Viod %r f“‘“g bflfgétaf a%a %ﬁ?)u‘ﬂ%?g | 85 gﬁﬁ%i ce
conputer,. |l qQgic sfora ice readable b adl i tal
3%‘1%‘%3 AnfViFSR r (Ruliiplexing %Eﬁ dlléﬂhlﬁﬁst rﬁsnlve tional rage
I nstructions bei ng executabl e by %l tal ;l)rocesm ng
ENERAHIAE rthe fltsh thens indptlegving Lthaéwakngt ghe c#‘?t od inclgdes sj on
val ue of each synbol, the nethod steps conprising: 25
grouping "pdbitsfin pesalldb te establisha tespeaivetsympobol , each val ue in

(

The invention also provides a device for a receiver for receiving
substreams of an orthogonal frequency division multiplexed (OFDM) signal
containing complex phase-adjusted symbols, wherein each symbol
represents "m" data bits, includes for each substream a soft decision
quantizer for determining a binary value of each bit represented by each
symbol in the substream. A computer logic device may undertake this part
of the receiver function.

The invention thus also provides a computer logic device for an
orthogonal frequency division multiplex (OFDM) signal receiver for
receiving complex symbols in the OFDM signal, each symbol representing
"m" data bits, the computer logic device comprising: a computer logic
storage device readable by a digital processing system; and instructions
embodied in the logic storage device, the instructions being executable by the
digital processing system for performing method steps for undertaking a soft
decision regarding a value of each symbol, the method steps comprising:

determining a first set of possible values for each symbol, each value in the



7 first .set having a binary value of "0" in a predeterm ned bit;
det er m ni ng, for each synbol, a magnitude difference between the
synbol and each possi ble value in the first set of possible val ues;
and det er m niwg 9%/$8296 smal | est magni tude di fference andpgeusysatdsng a
first signal representative 5 thereof. A device for
transm.tting orthogonal frequency divisifn mul ti pl exing (OFDM signal s

i ncl udes quadrature anplitude nodul afjon, M . nmeans for generating a

plurality of %@weg?mssabmaswa 4ee0 i%apmg$ﬁs}%éltmwrmw%ans for

mappi ng the synbols to mary space such that 10 the sum of the Hanmm ng

di st ances betforeachhsymbbbr 2 myagnitussl differen¢ee betweens faec syinbohianidntaddy,

wherein mis an odd integer at |east equal to five (5).

BRI EF DESCRI RpbssibleCratfielEirDRe\ NG set of possible Vhime$;eandr determiningt the and

advant ages of the present invention will 15 becone nore apparent from

consi der at i onnillesThghitadé diffbrrheobnd genefitingr 4 fiest signdlhfepdedentdtork

description set forth bel ow when taken 1n conjunction with the

drawi ngs i5n Whifedt! | ke reference characters identify correspondi ngly

t hr oughout and wher ei n: FIG 1 is a schematic diagramof a

digital signal transmegRbongsys mﬁgnﬁnb%ic}‘lb heﬁgg{; t PM@M on;
ere or ol a

FIG 2 is a schematic diagram show ng t evant portion
transmtter [Jag t 7 i L. on. . i S.
schematic di gxg‘%@és% (ngﬁg%lgvg‘ 6%” tagiraturs ag‘thgé Frodulatich

(QAM) means for generating a plurality of QAM symbols. Also, the device

includes mapping means for mapping the symbols to m-ary space such that
10 the sum of the Hamming distances between neighboring symbols in the

space is minimized, wherein m is an odd integer at least equal to five (5).

BRIEF DESCRIPTION OF THE DRAWINGS
The features, objects, and advantages of the present invention will
15 become more apparent from consideration of embodiments thereof
described in the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:
FIG. 1 is a schematic diagram of a digital signal transmission system
20 embodying the present invention;
FIG. 2 is a schematic diagram showing the relevant portions of a
transmitter embodying the present invention;
FIG. 3 is a schematic diagram showing the relevant portions of a

receiver embodying the present invention; and

25 FIG. 4 is a flow chart showing the soft decision logic of the receiver.



recei ver enhodying the present invention; and 25 FIG 4 is a flow
chart showi ng the soft decision |logic of the receiver.

8 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS  wo 98/58496 Referring initially to FIG 1, a sysivessiamsshown,

general ly designated 5 10, for broadcasting high rate digital data to a

receiver 12 fromone or nore essentigal |y identical transmtters 14,16
via nultiple air interface paths 18, 20. The hi&h rate _digital signals
may be high defini tDETAILED DESCRIBTION OF I EFPBEFERRE R npl e. The

system 10 is an orthogonal frequEMBODINENTS nultiplexing (O-DV
system Accordingly, the transmtters 14,16 transmt 10 identical signals
to the receiver 12, with each signal being nultiplexed into a plurality
of "n" subchannel Refethifts Siliall tol IGAN, & BYRERIis Ghewhe gehdrally adesighijed In
accordance wth O-DM prTnci ples, each subchannel represents a

respecti vg subsfor bavadehstingleighenteedigitak daipliex rqcaverat2ifromanné jor aaere

nodul ated (QAM synbols. In turn each M symbol represents "ni'_data 15
bits, wher ei ressamtially ddenticehtranssmitigre 4,46 wipmultple airinterface pathspl& 2nt | y

P bodi ment - (e Digh Eaterdigiel Hignasymy (b high debdition sdRusiat SBTREL " ©
[th h th nbodj t o Is ' :
Sl otle: o dhr SRERPIE. oite. TSRO R IS dhdgRRiE ol aN I
modul ati on Sﬁﬁﬁ@?%neg EOFDM) sysfehf> Adcorifitly, (he taabavedt Mplaidanseiit t he
0

transmtter resent enbodi ment. An outer synbol -
er r or - coryectidagicansigtss 6 dahreasivar BEadith each sigiull being modiplexed2itoerei ves a
streamof digital data bits to be transmtted and encodes the bits
accor di ng t o pintality of &8" kuhshannels; yhergin "n iscayinieger grestsr thag ape (1).

i nterl eaver 24, ag?rjé%fggq%bl - a 8&& -S%Iéﬁgio? sgag}%olﬁu{.gl terl9 a{%&ﬁepﬁ a

i nterl eaves tfte 0] e r r i @E"S‘Fl n

principles nown.i.n the art. -Sak o di e

di scussed in r&?&f&‘vg subsgreart ogr% sgﬁig&g:.eagk %Pl&?éﬁ%ﬂﬁ%@%ré@?%ﬁdadi ng
for Digital modulRANOKNMREyABSEs. IRkem eadl @3M shHabolyipfeseh®8tm” Hatd i n and

D.J. Costello,
15 bits, wherein "m" is an integer greater than one (1). In one presently

preferred embodiment, the value of "m" is six (6). In another preferred

embodiment, the value of "m" is seven (7). . It should be noted that

although the present embodiment is described in terms of quadrature

amplitude modulation, it is equally applicable to phase shift keyed
20 modulation systems.

FIG. 2 shows the relevant details of the transmitter 14 of the present
embodiment. An outer symbol error-correcting encoder such as a Reed-
Solomon encoder 22 receives a stream of digital data bits to be transmitted
and encodes the bits according to principles known in the art. Likewise, an

25 outer interleaver 24, preferably a Reed-Solomon symbol interleaver,
interleaves the data from the outer encoder 22 in accordance with principles
known in the art. Reed-Solomon coding systems are discussed in G.C.
Clark, Jr. and JB. Cain, "Error-Correction Coding for Digital

Communications”, Plenum Press, New York, 1981; S. Lin and D.J. Costello,



9 Jr., "Error Control Coding: Fundanentals and Applications",
Prentice-Hall, Engl ewood diffs, N J. 1983. From the outer
interl eaver 24, the signal is sent to a convol utional encoder 26,

whi ch convol uvioessssbgy encodes the data bits per wel |l -known pcrussanizasii pl es.
The data bits are then sent to an inner interleaver 28, which

I nterl eaves the bits. Then the interleaged bits are sent to a signal space
gr ouper 30. { t he present invention, the S|Enal space gr ouper

30 groups in Jr E“%@PP’@ Cading Fupdamentalsang; Applications hePrenties-Hall,

I nterl eaver Thus gnal space grouper establishes a respective
synbol that @\Q%?%%ﬁ&}ewg# each of "m' sequential bits received
fromthe inner in ls [

appreci ated t hat ?E(Serht r\gﬁdsurtn&?%tfﬂiﬁver %t&é%?éy agl]"{]géqxltl‘}s4 8(8){3{?%1@%&%?
transmtters, aﬂb@&eﬁﬁﬁhﬁ:ﬂ&:&@bﬁnﬁﬂaﬂ t Rhesdes ﬁ@ daﬂ&‘%‘itsger weIMIeK ver
prior to grouping the bits into nultl-blt synbol s ve 15 discovered
that w th 3 hiprisdiplest (he datd Hileears tthewr tsene tohnt ineer daterleaverl 28, which

di scussed bel ow, the diversity and performance of the system 10 is i npr oved
in mul tipat h istesleaves ke bits.s Then; the dntieclgavesh Bits aresentstoc e égnal rspaceri t t er s
which first grou ta bits |nto synbol s, and then process the synbols

t hrough an i n#f@FP¥tVer | eaver. As shown in Figure 2, the synbols

from the signal Spag g Qune xg?%nhon, AL Pié‘@;.tspg‘f?agﬁ‘% nalsos %%?F’glr{gpl ng

el enment 32. In accor an e WI space
mappi ng el i eREE Bf S"DBits from thé qnﬁéra{rbéer?éa%ﬁ'zssp s, the
modul ati on

Pref erably, e nap pi ng el ement uses quadrature l1tu

(QAM to 1 eaaigwaspazdtgranperrestabhﬁfdsh fRpldtivedgmdol ﬂmds Pélﬁ'é&ﬂﬁﬁ&%dobn each
symbol to thereby generate conplex symbols. These conpl ex
synbol s are rmpb@é saqwﬁgl bits peceived fromethenipper interleagér2f.ed to as a QAM

constell ati on. ordin each c e expressed in
terms of its x- y E%’tdv“gﬂg’/ﬂ lﬁC?Ih’émﬁ’%@?ef}gfgaé{‘%&eﬂmswﬁer 14, unlyffperein |

. h i 3
|1 8 the squar eu{!gg-&oe ven%gﬁglwﬁj pr%éegéers]fhe data{ bltﬂi, rouéh Eimex n rneis

under t aken usipgleaber y teOghAlpligN The/ Bi!sgi‘r&& ﬁ@lﬁ-ﬁlh%yﬁfb%eordv@amﬁe and
usi ng the remaining bi nary d| glts (Gray coded) to represent the y-

coordi nat® Idismetadn'&qulwgh thi§j atrenturbidrel ithe atrqomde aoft thef rédeivee o1l ex

discussed below, the diversity and performance of the system 10 is improved

in multipath conditions, vis-a-vis conventional trellis-coded transmitters
which first group data bits into symbols, and then process the symbols
through an inner interleaver.

20 As shown in Figure 2, the symbols from the signal space grouper 30
are sent fo a signal space mapping element 32. In accordance with the
present invention, the signal space mapping element 32 maps each symbol
to m-ary signal space. Preferably, the mapping element uses quadrature
amplitude modulation (QAM) to create a modulation in both amplitude

25 and phase based on each symbol to thereby generate complex symbols.

These complex symbols are mapped to a complex plane, sometimes
referred to as a QAM constellation. Accordingly, each complex symbol can
be expressed in terms of its x-y location in the complex plane as "x + jy",

wherein j is the square root of negative one (j = +~1).



5 plane advantageously differ fromeach other in value by only a single

bi nary value. In other words, the so-called Hamm ng di stance between
adj acent bits in a quadrant is exactly one (1). In
contrast, for waolgssgsdsues of "ni', because the QAM const el | at POMUS98/12481  NO

| onger rectangul ar, the QAM synbol s can no | onger be independently 10 G ay
coded in two di nensions. Accordingly, fotgodd values of "ni', the QAM
synbol s are napped_usi ng what m'?h't be thought of as a quasi -

G
code, shown in Tabf@& evE|Rlues Of 3@ antheydeernins rionithe z‘é’nﬁﬂ’lléxsﬂﬁ’}/‘%fist he
Hanm di st t { bi t ' ) di ' t [ f
el ghbor | ng. oFERERER AR G CRRLEIEY dgholos i krpodlinflen aB8, fat 15
are physi cal | yf6Phes {1{5‘ ﬁf@b&%@b%‘@ﬁs 1) Icdtetl) thOrepR&RnP thE y- W th

no I ntervening el enen TABLE 1

f e e codrdinate. In suchGnappiflg, adfacent Kits in & quadfin®®f the complex b
a a b h h b a a b h g d
c c 8  plape advantageously differffrom each other in vilue bg%nly a singlddindrgse

skilled in the art will readily recognize, the constellation . shown in
Tabl e 1 can b#ahigoubhother wierdsntheuse-arjledotlamaningr distance \hietwiearadjacent orj gin

of the constegl ation b(ﬁ'i ngisbetvaaen taﬁ third row and fourth row and
third col unn SH¥ D daPR¢FaR YP¥€ he present invention two of the "ni

ot O e o e By AR ool VRS ofREC Helisd ¥R IR, ChneldtBsBA MY
00, two nB! foRgé¥ r magd gAmt %}gﬂ%ﬁ eal ng%ﬂ%gsntbs\éiﬁg?ﬁwdehw bits

of each synbol in tRe third guadrant are 11, a of each
synbol i n10he Grap codediimativaflimensions.ar RccbBdingly) for odd valdescof diniglthe i n

Table 1, the three renaining bits of each synbol are denot ed by one
of the eight RAMeymholhare mpppdd nsing ubatrmight berthought of as agunsiromelt s are
di scussed bel gc\;\ée, gﬂct)wintini 'Pabﬁé) 1 %glo%dtgras vgggagtect}?s y %ﬁnlsnr:&\émt}iensum of the
Hamming distances between (the m bits assigned to) every distinct pair of
neighboring elements in a quadrant (that is, same-quadrant elements that
15  are physically represented in the table as being next to each other, with no

intervening elements).

TABLE 1
f e e f
g d c c d g
20 h b a a b h
h b a a b h
o] d c c d g
f e e f
25 As those skilled in the art will readily recognize, the constellation

shown in Table 1 can be thought of as including four quadrants, with the
origin of the constellation being between the third row and fourth row and
third column and fourth column. Per the present invention two of the "m”

bits of represented by each QAM symbol code the quadrant of the symbol.



Table 1, the sane bit assignnment is reflected in the other three quadrants.
Any letter may arbitrarily be assigned the value "000"; for exanple, the
letter 10 "a" can represent the binary value "000". To keep the Hanm ng
di stance to wossssdee nei ghbors in its quadrant equal to uredryses/izesipr esent
I nvention assigns b = 001 and ¢ = 010. This in turn leads to d = 011,
e = 110, and f = 111. Two pagsibilities for the remaining

assi gnment s S m ni.m zi ng t he_sum_ of the synbol -tq-synbol
g di ot aHess th aftee difs of SR QAMéYH@lsm the, firsg quadaiiagh 0 Q.00 and

the éﬁédréﬂt%cé} gi‘i POl iR g AT acs Qo BB Sl B "
which is threg Qﬁ%raﬁpﬁe%dﬂﬂdqua%%olf@a ]}&lﬁ)&i%’?ﬁxet arth ﬁiéadllé'ﬂfrm ng

di st ance between nei ors r ant except ftor t
Hamm ng di st agieqgbet ween d and g, which is two, and the Hamm ng 20
di stance between b and h, which is two. Both cases, however, mnimze the

sum of theb nei ghbdkecbﬂ]u@yghbﬁabléﬂnﬁien@ue& stmaindsg ibitstdfeeadhi agdol are
Table 1 is a mappi n%y or the case n=5. It is to be understood,
n

however, thatdenetedhiynene| efs theteighir lettemerahn ab yflllsb er spedolal ues
f "m. F f > 5 d t Tabl 1 ab
"5 25 repl ABEBYE Br dachted balpve b Al P Boaie ol LRt AR ARORAR of 't he.
bits of each Tabl%l ﬁ%'ﬁ&ﬁt ?ft%séiéu eﬁ?ﬁg&'féckgdylrpﬁ{é ogl:'é%fl}}nf C#ay éﬁ%r ays and

t he remai ni ng m us Wo- di"men eto
enunerate the n‘dgr %ﬁ:ranlﬁ be a361BAEL tiH YalMe "000" for exam Sple, the letter
12 ter pi ng, e stréam of conplex 'synbols i's nultipl exed

into 16 ub'at’ cam peprogens tikebinaty valup000"| €To keespy thiet Hamiding Adistahee tonvert er
34

its neighbors in its quadrant equal to unity, the present invention assigns b =
001 and ¢ = 010. This in turn leads to d = 011, e = 110, and f = 111.
Two possibilities for the remaining assignments exist, in minimizing
the sum of the symbol-to-symbol Hamming distances in the quadrant. The
15  first is to assign g = 100 and h = 101, in which case the Hamming distance
between all neighbors in the quadrant is 1, except for the Hamming distance
between d and g, which is three. Or, g =101 and h =100, in which case the
Hamming distance between neighbors in the quadrant is 1, except for the
Hamming distance between d and g, which is two, and the Hamming
20 distance between b and h, which is two. Both cases, however, minimize the
sum of the neighbor-to-neighbor Hamming distances in the quadrant.
Table 1 is a mapping for the case m=5. It is to be understood,
however, that the principles set forth herein apply to greater odd values of
"m". For example, for "m" > 5 and odd, each point in Table 1 above is
25 replaced by a square array of 2™ points, such that five of the bits of each
symbol are used to identify particular square arrays and the remaining m-5
bits are used as a two-dimensional Gray code to enumerate the points in the

square array.



mul tipl exes the synbols, it inserts pilot synbols into "n" substreans

dlerr]...d[err] (as represented by a pilot synbol inserter 33 in the
receiver 14 as shown). As 5 the skilled artisan will recognize, the pil ot
si gnal s est ablwelbsissssanpl i t ude and phase reference fopcaussasisyer,
such as the receiver 12, to use to determ ne the scal e and phase of
recei ved conpl ex synbol s. Afger nul tipl exing, the substreans
are transformed to the frequency dormain by a fast Fourier transfornmner

(FFT) 36. Then, a ddtermapmingdtheostrepsnof xomples symbelsyissmulfiplexadoimtosi gnal
of the FFT 36 apd estabhlishes guard periods _in the putput si l. In
the pref or r od SHBBEATGAY 2 tegab dar Berallel CBRVSRRF b o AR (6] SUWERED

i nserting int | l.| ' t; nn

i nf or mati on- bg%\ | ééégg %o?ﬁﬂ%ig’ it &SS@% %ﬂé{c/vg%%lrs ran?g b Osxr._bfsgea%\? q"'ﬁ'g““

rel evant porti He£sil teggf,n% £ esStdr 14NN SRLIWRY. @ be
seen. The receqag/?ae ésieg{r%gl yFés:ﬁs(\é(n tolg{s@&%rgég}atr}?od dél e%?av?lno, whi ch
del etes thes guhedkilld adisan WAl teedgriye,tihe pil@nsdgndls establstbyn amplifiidecessi ng
only the energy received during the useful signal period. From t he

del eter 40 thearsi ghade refercore foo aareceivesy suclFRF #he tepeiver atidf tor mseigtat he
signal back to the ,tig{a domai n. 20 As shown in Figure 3, the
&

i nverse FFT 4Xstenine thesseplegnelphasgof receivedacompley syphpSex data synbol s
dierr]...d[err]. E S ol is conbined in a respective nultiplier
e ot eepeet | Adtes adnBledis, BE Subiteacty Bre ansfofial S the' Feliphes”
wherein [err] 4 :he t} : Sy gﬂ;@f h I t he
pi | ot Si g%%?élpn?gr%t gagpgit%q?ﬁgq?%és?lsm tter 4?6'2?@“#)9 gxﬂﬁﬁ%&fb{&he

val ue of tige Dichérat@P3EreREves thy oLl sHENAPbE¥he FRP 36 dnd édigblishes guard
respective substreans is determ ned by respective soft decision quantizers
46. Thus, the prisdsiinethe d@putcigialt hin dbappetersadrienitodimeidt, t thet geardat a
bits that they respecti V:il y .represent. The mit hod_ by which tP bi t

val ues of eactperiods azg ataplished by dnserting, datogthe sigraliaseydic gxiensionof dreer ence
to Figure 4. 13

I ndicated in éﬁgﬁgweahg{\-%g%%gy{nbp& facilitate rendering the soft decisions,
t he quanti zer Nghhr 48 MIES B kv aM pOTIORS of the RbeibBiP120Pie Udes
of the recei ved synbol & based on the pilot signals. From
t he quant i¥ser préent inventioh tha daneernf THa tecebiedssignal is eatt tota guarll pepiadal | el
to serial converter 48, to conbine the substreans into a single

sequence of daieleten 40 whithedeleten dhej guardsperiedsoinserted by theetrangmitter 14 by

e VT ensing o nd S AR o Gulthd Snd Bl Bl f8d oo 11

the deleter 40 the signal is sent to an inverse FFT 42 for transforming the

signal back to the time domain.

20 As shown in Figure 3, the inverse FFT 42 outputs substreams of
received complex data symbols d, ..d,,. Each symbol is combined in a
respective multiplier 44 with a respective phase rotation correction vector €
¥ wherein g is the estimated phase rotation of the symbol based on the pilot
signal inserted at the transmitter 14.

25 Next, the value of the bits represented by each complex symbol in the
respective substreams is determined by respective soft decision quantizers
46. Thus, the quantizers 46 decode the complex symbols back to the data bits
that they respectively represent. The method by which the bit values of each

symbol are determined are set forth below in reference to Figure 4. As



interl eaved by the inner interleaver 28 of the transmtter. Next, the de-
interl eaved bits are sent to a decoder 52 for decoding the bits in
accordance 10 wth convol utional coding schenes well-known in the art. One
possi bl e veortgmtaseent of convol utional decoder 52 is thepdirusssiviasdecoder
t he design of which is well known in the art. The output of decoder 52
I's provided to outer deinterleaver 1L which reorder convolutionally
decoded synbol s, . Ihe reardered symbols are then provided to Reed

Sol onon decodddicated in Fighre, preiessta Reilitels rapdeing a0 d§§51i°§5/v$$|el known

inth t. . Fi 4 sh |, 0gi.C. Of ft | Si
o2 e panie AeCRRANE AoARRE SR G0 RS HRABES A 0e o (e
bits represeng%w%@gbg& on&eﬁﬁ??fﬁéls.sy”bm- As can be appreciated

I gure 3,

in reference to eac gquantl zer 46 can be a m croprocessor
that preferably i nBiolehe aqfhatiderst 48, aHE siBstreddRY iof s biwharehsdnficiougdes

I nstructions that are used by the quantizer 46 to undertake the steps
of the preSentparallebrtbiserial Aamverthr ndfl, o tdmbiaestid kabbtreams intot hesimgle wi | |
recogni ze that the quantizer 46 can include a programmble central
processi ng uniequenpepf das biis. pTben, thewlatabiysequence Ay sariitp a dg-interleaver

T Tustrat oo 0 F ROFEE 40 i (0 Sbopdgt ey opvern oy fgferd being of e
rates tH il ey oprets t
Phe-storage. SveReRB PPN Bind infelUle 2p! rOR fmillel, PN e e, o0 0"

that Figure 4ijdellesddabRparelentid & dbsdrs 59 ffor &&b@iﬁé aEERtSirl Badordatiet | On
according to this invention. Manifestly, the invention is practiced in one

il

O -y

14 edfentwith cembsldiiorait cdiding stirerhesn evedldtmuwre rih fhleadrt.r edutke posdibie | ogi C
elements in a formthat instructs a digital processing apparatus (that is,
a conpuesbogimentc ebearyelitional degogdenrF20s the Vtarbie decoder thp desighonal

"L, one BRI R SRS R (S dpn S s poiaed 15
oL ctr ! bl aehchadl 1 BRI Soplanluhlp Sodos giag

medi um suc rage vi ce machi ne
conponent Theareobderéd GoiboRAAeOthefll ptdiGiied @b cR&E Soldhidn adé€codebEdi ed in
t he storage devi ce 53, which advantageously can be el ectronic

r ead- onl y 1oenwhick Reidded the meorderest¢ymobils as ismtelhknawmeasshesriory (RAM), or

ot her appropriate data storage device. Alternativel he instructions
can be enbodi ed i nFIBHEE 4 8hatys the logic of agakt decisipn 0‘{5 £

sem conductor SCHeRS , ARGTRGASE s s’ P e B, SRIHEbo 7 e D40
et o ope PRI oL 1 0 o o Al £PSGALE cotgese SRRy, O
quantizer 46 can be a microprocessor that preferably includes a data storage
20 device 53, which includes instructions that are used by the quantizer 46 to
undertake the steps of the preéent invention. Accordingly, those skilled in
the art will recognize that the quantizer 46 can include a programmable
central processing unit (CPU), or a programmable gate array chip, or an
application specific integrated circuit (ASIC).
25 Figure 4 illustrates the structures of various embodiments of the logic
of the present invention as embodied in computer-readable logic structures
on the storage device 53 (Figure 3). Those skilled in the art will appreciate
that Figure 4 illustrates the structures of logic elements that function

according to this invention. Manifestly, the invention is practiced in one



Commenci.ng at bl ock 54, the phase-adjusted signal [err] (the val ue of
I denoting the i[err] synbol) for each received conplex synbol is received

from the nultiplier 44 as disclosed above by the quantizer 46 of the
pr esent ivpesMdsugen. Then, at block 56, a first set of peewmussazsnl ues
[err] that the 20 received conplex synbol can have is determ ned. The
values for the [err]'s are known a pgiori, because each of these

corresponds to a position in the predeterm ned constellation geonetry.
This first seessentiph@abogiment by arpaghine compeneryt that hresiderfe the Hagicng a
rr] b
\%i

bi "0" i k Lt =1t l.Ln.oth d t block 56

Firet set of e dhafars e metrieinaipial precsiing papgreres (B 858 coch
st set of P . . atiis 5 ¢

b e by Che FRcpRdaRe 3 polnt? o hpauned P DoBERRARE LIREACC

[err] that th@gyres onHﬁ@id’@.@s@W]&\ g;g@;gu_ can have is determned. This
second set includes 15

2[err] el eBents [ eThiseednsinadtionenimdyavesideait)i riatl,y bé 1émbodiede biy] dogk bit, k
=1tom In other words, at block 58 a second set of possible val ues
i s det er mi ned structures/cirgtitsionsa dide sforage dedecinclusling a idata sterage oagdiunnt

havi ng a binary val ye of in a predetermned bit. Thus, in the 32

"1 .

val ue const el PEEh 8% the saraggisvise;53 shown iy Eiguge Be The) aghine gompopenty al ves
are output at bl eck 56 d..anot.her. si.xt ee are out.out. at bl.ock 58.
et b bl ocoaE & FErBRenPl Y hic AShERE, fhet i SpBoiBY pothroeiatre
phase- adj ust e ' I lakdvaiad gﬁgﬁg b | St set
S det e?r??ircfgg,g' gh?tabe snﬁf‘fie%?{ a S%Fﬁgté%lg?géedém%?%\gﬁagqgmg i rst
signal . Al180 at déctrddio Qkndin hiress bsahotye (RAMIS Sorobilicheaphropairndsa

bet ween t he phase- adj usted signal [err] and each expected signal [err]

i n the secondstozagd device. cAlt¢matively, the instmactidns campbéd ervbodibd gh the fozhue

sel ected as a second signal . Thde (iut put of _ | ock .6Q can be ex?,ressed
as: 15 0? éeprln}:mter program code elements on semiconductor devices, on magnetic

tape, on optical disks, on a DASD array, on magnetic tape, on a conventional

hard disk drive, on electronic read-only memory or on electronic random
15 access memory, or other appropriate data storage device.
Commencing at block 54, the phase-adjusted signal de™ (the value of
i denoting the i* symbol) for each received complex symbol is received from
the multiplier 44 as disclosed above by the quantizer 46 of the present
invention. Then, at block 56, a first set of possible values p,o. that the
20 received complex symbol can have is determined. The values for the o's are
known a priori, because each of these corresponds to a position in the
predetermined constellation geometry. This first set includes 2™ elements
p;0. each element having a binary "0" in a k™ bit, k = 1 to m. In other words,
at block 56 a first set of possible values is determined for each symbol, with
25 each value in the first set having a binary value of "0" in a predetermined
bit. '
Likewise, at block 58, a second set of possible values po that the

received complex symbol can have is determined. This second set includes



VWil e the particular bit interleaver for orthogonal frequency division
multiplexing in the transm ssion of digital signals as herein shown and
described in detail is fully capable of attaining the above-descri bed

obj ects of 20wotedggsapgrvention, it is to be understood that ipCTIUS¥1AEBE
presently preferred enbodi nent of the present invention and is thus
representative of the subj ect matfygr which is broadly contenplated by
the present invention, that the scope of the present invention fully
enconpasses @Heglemenis b oreatiselement haingha bingryb it cinetheli! bigsk £d. tolmse
skilled in the art, and that the scope of 25 the present_invention is
accordingly tin othet wordseat bipck 58 i segonst s@rofmbleﬁélues is detgrmaingd dOE| ai ns.
VE CLAI M naw

CLAI VB 1939}3&6’“3"’1@’(9@5‘ gach yvalpe jn thegpecond ﬁgﬁ%ﬁsb%?ryﬁ?‘hd‘? toﬁo o- nal

phace: ad) ust 0o RERErBae B8, Thur s ofs 2 Vauiy MRt o R oBbve iy

conprisings gf0L, aE]Qte?H gﬂsiﬁ%malﬁessﬁfet ﬂﬂﬂclggéaﬁd 7a?16t}{e9 rsné@é@r -

mning a binary va ue 0 represented by each in the

substream thﬁem?um@]@dk@s guanti zer further conpri 5| ng means
for determning a first set of possible values for each synbol, each

val ue in he first Nett, &idlodgé the absoltiienvalyes, of die dﬁffemcqsmﬁwsﬁé@b% er m ned
3 : 1E fer enccrare gg;bésglr’?dg‘fﬁgg%r?’ﬁglﬁﬁngﬁﬁﬁy é%@%gﬂts)g’g? ped SIgnrﬁ%i%é‘i‘ 3@9 st getaf ¢ st set
ditrers ¢ eipgaine o the ATRAT R AR IR VERE ety PR BIRT e, ABOLTuCe
thereof, yhergim bhSne YnboldRCv LA of RN Hiffefincht! beRtféen the phase-adjusted

signal de*” and each expected signal p,o in the second set is determined,

and the smallest absolute value selected as a second signal. The output of

block 60 can be expressed as:

15 min | de#®-pe (0in k™ bit) P - | de™*P-po (1 in k™ bit) P (1)

While the particular bit interleaver for orthogonal frequency division
multiplexing in the transmission of digital signals as herein shown and
described in detail is fully capable of attaining the above-described objects of

20 the invention, it is to be understood that it is the presently preferred
embodiment of the present invention and is thus representative of the
subject matter which is broadly contemplated by the present invention, that
the scope of the present invention fully encompasses other embodiments
which may become obvious to those skilled in the art, and that the scope of

25 the present invention is accordingly to be limited by nothing other than the
appended claims.

WE CLAIM:



conprises: . means for determ ning a second set of possihle

AT B

det ermi ni ng, fwoomseeds synbol, & nagfi-° * t ude differ epeeubrhyBEN tNE
synbol and each possi ble value in the second set of possible

val ues: and nmeans for deteggn ning the snmall est magnitude dif-
ference and generating a second signal represen- tative thereof,
wherein the neans for determining CLAIMS i rst set of possible val ues
for each synbol further conprises: means for determnig a
first set of estinated val ues of the synbol, and the neans for
det er - v ni iy device fordars erthogopals frefphency adlivisiont anubipbxing

synbol further conprises: _nmeans for determ ning, a second set of
esti - 2 (OFDipv) tzanspitter, Sorr processing digitabdata bifs\fpretransmission thereof

first and sec%gd set_of .estimated values is based on a pilot

si gnal-. a receiver, the device comprising:  _ 17 2. For an orthogonal

frequency dj vi si omp%%%ﬁﬁgé‘?g@ﬁ%%&ggp&g%kvgﬁ for receiving conpl ex

synbols in the OF resen ngs’" mM' data bits, a
conmput er | ogi c devigenédddP fdrentdding sRdGsHoRdsE&] b0l C storage device

readabl e by a digital processi hg system and i nstructions enbodied in
the | ogic sdorage ae¥ues, intétleaver fornetdivizig thesddie bitg froxe ehie ahdotlebyuntine

di gital processing system for perfom ng nethod steps for undertaking a
soft deci si on intefjeading ghexdatabits; arid each synbol, the met hod st eps

conpri si ng: determining a first _set of possible values for each
synbol, each val ue™eAbs rfF‘?“@’tv’%tthﬁaW‘}?&eg"eﬂsn%tﬁ bits L}mq}alt{l% Betp" in a
pr edet er m ned;bi Ly L 0L 0Q, ) g5 ' £ ference
bet ween the sy So*a%eﬁdaxg(g(%%ﬁ%@s‘g%l %ﬁlﬁ%ﬁ?&aﬁ%ﬁ@% of &?gpg@@%g Gyé

possi bl e VE} Ugfsm & inner intefl8hwiivRbREN t'RE i$ E_ﬁ'ih@?ér BRARI:HER olef f erence an
gen- erating a first signal representive thereof, wherein

2. The device of Claim 1, wherein the outer interleaver is a Reed-
2 Solomon interleaver.

3. The device if Claim 1 or 2, further comprising a transmitter.

4. The device of Claim 1, 2 or 3, further comprising means for
2 mapping each symbol to m-ary signal space.

5. The device of Claim 4, wherein the mapping means uses
2 quadrature amplitude modulation (QAM) to thereby generate complex
symbols.

6. The device of Claim 5, further comprising a serial to parallel
2 converter for processing the complex symbols into "n" substreams, wherein
"n" is an integer greater than one.

7. The device of Claim 4, 5 or 6, wherein "m" is an odd integer at
2 least equal to five (5), and the mapping means minimizes the sum of the
Hamming distances between neighboring symbols in a quadrant of the

4 signal space.
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t he sof,t decision quantizer e EQRRGIRES mear ﬁIQrSHEF"" q \S BEE-
determ ning a second set of” ‘ “ﬂﬂmmﬂr val ues for jeach me}m ;
* c L els —f1

each value in the second havi ng a bi nary valee—eft——r=
pr edet er - WO 98/58496 N ned bit; means for deternm nipog/usesi2¢tash
synbol, a magni - tude difference between the synbol and each
possi ble value in the second et of possifyl e val ues: . and

means for determning the smal | est nmagni tude dif- . ft?renc an
generating a secorfd si ghaldevigeraiddain 6 or 7, further compyising,@ &48f¢ PER%T ei n the
means for get géﬁ@:&bﬂ%ﬁas’tablishinga?aﬁﬂgﬁﬁoaﬁhﬂ@ésigﬁﬁlssﬁamsval es for each

e

synbol furthe means T or termning a first set of estinated
val ues of the synbol, and the nmeans for deter- . . I Nj a
second set of po 9-bl e Thel device opf Gehm 8, in combinatiogny msish ARy

CONpPri Ses: 9 imansmitter. means for determning a second set of esti-

mat ed val ues ¥or each synbol and wherein the first and second
set of estimated values is based on a pilot signal. 3. For

a receiver receivity " Thesdevite eGhimf9,an forthen gembinagionf withlamOFDM vi si on
mul ti pl execk (%% signal contain- 1ing conplex phase-adjusted synbols,
each synbol” repre-" senting-"n' data bits, a method for deternmining a

bi nary value of each bit represented by each synbol in the substeam the
nmet hod conprising:il. A methodeberninsiiding 8igital datat bits upingsotthegenalues f or

o pr odet er i nEEUREY AVEIPERHARARE OFBNN BoRpRLaB He SEAARA 1"t fer enc

between the synbol and ga¢htulieaslybfcodihg!ehd Bitd;tBed | I St set of possible
val ues; and determ ning the small est nmagnitude difference an gener-

ating a first signal rdpeesavingtthe ditththeaof, wherein the soft deci sion
quanutizer further comy.bshiR® "m" bi ANl id) BstabIECH ek pe@ivetdynitdtsi bl e

val ues for each %eﬁ%@g meaclziﬁqétfl%ue I n tsﬁe secondpset havi ng a bi nary
value of "1" in a predeterm ned bit; determ ning, for each synbol. a
nmagni tude differentz The mdthodeen Qlhien sYhybfirthendcaaptisipgs $he | séepy ifue i n
the Feeoldingt ol HARHIPIE YRlaWrS sp@iRd using quadrature amplitude

modulation to thereby generate a complex symbol.
13. The method of Claim 12, wherein "m" equals seven (7).

14.  The method of Claim 12 or 13, further comprising the step of:
2 encoding the data bits and interleaving the data bits using an outer
encoder, prior to the convolutionally encoding step.

15. The method of Claim 14, further comprising the steps of:
2 separating the complex symbols into "n" substreams;

performing a fast Fourier transform on the substreams to generate a
4 transformed output; and ,

generating a plurality of guard periods in the transformed output.

16. A device for a receiver for receiving "n" substreams of an
2 orthogonal frequency division multiplexed (OFDM) signal containing
complex phase-adjusted symbols, each symbol representing "m" data bits,
4 the device, comprising:
for each substream, a soft decision quantizer for determining a binary
6 value of each bit represented by each symbol in the substream.

I
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determ ning the small est nmagnitude difference an gen-
second signal representat |]m "m Iﬂu wherein the rreaEémF%FHEET HAS BEGN |
determining a first set of ' ﬂ Ial”““}] val ues for each simbol REG:AGE |

conpri ses: woogisxgmns for* détekmthirdg & first set of estpopusdnsl ues

of the synbol, and the nmeans for determning a second set of

possi bl e val ues for each synbol 18 further conprises:

means for determ ning a second set of estinated val ues for each
synbol and wher ei n17-he The dgvice of Claim 16, avhereinc thed sefstdesisiarns (quantieer val ues
I s based om comprises: A pil ot signal. 4. A deV| ce for cormunl cating a

stream of digital data_ uysi q,an orth fre d|v rrult | exi ng
(OFDM transm ssi off* eé‘%# ongg ‘57 ) ‘ﬁ’@
transnmitterd ®achwvebe irethe, ﬁnsheetdevu@aMmImahm of"0" man pradelerrsgnﬂdol

interl eaver, g¢gnfigured to receive the stream of di g| taI data conposed
of a first sequénce of bits, . said out ri eaver er| eavi ng
the first 3 seqeaRs for ‘%?tF’gmf‘H‘&org’a sgﬁné‘ﬁn& &5&‘} [}E PERCE  an

encoder for erheﬁdeergth&eysbobadquhqusabhf viduesint ¢he first ]sebdﬂqmsslblehl rd
sequence of8bi‘;a?ﬁ S: inner bit interleaver for interleaving the third
sequence ebT ?s to _produce a fourth seguence of bjts; a signal
space trouper for H¥ABEafe™nselergining jthe smallest msgnitide differ@icR @ach of
the plural 10y gehemyingal first signal presestative fikersofCccessi ve b| ts of the fourth

sequence of bits, wherein "m' is an integer value greater than one;
a signal space mapper for mappi ng the plurality of sym bols onto a
plurality of conpl & Figwcg,vg Claign Jldy M@@@MWﬁtéeCWWéﬂlﬁéﬁzﬂor
mul tipl exi ngy taghed u@ﬁbhgyg of conplex signals into a plurali ty of

substreans.

of claim4, wherei H‘?ﬁ“é fgﬁt%?te (ﬁ 3 ﬁ?cgpfie%g;e?fllpgss&blﬁeg%lug%l %’ﬁnﬁac
interl eaverd @ymbeb esshivauefinthaiserond wetchavingt adirargnvalue pefc &l nimpser

predetermined bit;
6 means for determining, for each symbol, a magnitude difference
between the symbol and each possible value in the second set of possible
8 wvalues; and

hdeV| ce

means for determining the smallest magnitude difference an
10 generating a second signal representative thereof.

19. The device of Claim 18, wherein the soft decision quantizer
2 further comprises means for returning a binary "1" when the first signal is
greater than the second signal, and otherwise returning a binary "0".

20. The device of Claim 19, wherein the soft decision quantizer
2 further comprises means for returning a confidence value proportional to
the magnitude of the difference between the first and second signals.

21. The device of Claim 19 or 20, in combination with a receiver
2 comprising a guard period deleter for deleting guard periods in the OFDM
signal, prior to inputting the OFDM signal to the soft decision quantizer.

22, A computer logic device for an orthogonal frequency division
2 multiplex (OFDM) signal receiver for receiving complex symbols in the
OFDM signal, each symbol representing "m" data bits, the computer logic

4 device comprising:
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uses quadrature arrpl i tude to produce the '
conpl ex synbol s. 7. The d mum" I wherein "nf' is é’%ﬁf@gé}lw
at least equal to flve (5),% space nmapper prnﬂ'me

plurality of ewo¥ssgassynbols in accordance with a Hamm ng dpSiyeedse24s1

cal culation. 8. The device of claim4, wherein the device further conprises
a guard period generator for establishing a guard period in each of the
plurality of substreanms. 9. A method for communicating a stream of digital
data using an ort hbgormuter dygienygragevievien madable|byx pndigite}-[mypcessing
transm ssi gn SystérRan fland he OFDM transm ssion sys- temincl udi ng transm tters
and receivers the ne hod com 'ﬂgﬂt\ Z St %PS of : Eﬁ) t Ieavr ng a
fi st sequence of b1|n§ S %rééeﬂrélﬁwe’o em‘?ss é‘ﬁcodl ng
t he second &eh&ago@:eqmbketw thr: @ng;ubmeessmgraystem for gerforaing mgthed b t
interleaving § sf&ﬁﬁ%ﬁﬂgfkﬁ“ﬁ%ﬂfdeﬁkbﬁ Eégaﬂi WGfalBe of eabloy 0159:%@3”?3 ?ﬂf

bits; ge era dai'ﬁBl K of conpl ex“synbol s representative
successi v guence of bits, wherein "nf' is an

i nt eger val ue gr eadetermining arfirst sehof posmblewplmrfngeadiesyphbmlaéadhyvaihecorrpl ex
Symbol's i Nfod &, the £t Sidalving QB@EP%&{&%FEO"' Prﬁéf‘en}ﬁﬁ&f’ﬁxtof claim 9,

wherein the step of generati ialrty Q ex sy nbol s

representative of G¢Frmising E‘T‘tw't‘hénﬂf%\i‘r‘@ﬁ dterencecbefpvegn (the

i ncludes tHe swhbgl aafd et&hrpss;bbdrrmmmrfhhﬂ deti P possiblé ablues; AdAM) to

gener ate t he pI ur 1 10,

wher ei n m equal ?és%ven 9@5‘%‘1‘% '{uﬁie &fFJQ\%e%Hr%%%]mge?%{% he step
of synbol 16 nsignpkrspresent %’efmﬁ%ﬁpfsequence of bits is preceded by the step
of encoding the first sequence of bits. 13. The nethod of claim 12,

further conprisin he o £t ty of
substreans with a9231 If%ﬁse&ﬁwgrar er égﬁi o?&‘i&%ﬁaﬂéﬁ X Wa ngl a
plurality & taamitisrinoudichedata bifs angeprocessey thyonphian smegutnterlgasierods
associ at ed W pfiop kegfupimie the bits iptdimallti-bit syimbolsansf or med subst reans.
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