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The present invention relates generally to the transm ssion of a digital
comruni cati on signal on a-conmuni cati on channel, such as a comuni cation

channel f 0 AFPARATUSn AN ASSOCHA TER METHQDs FOR TRANSMITFING e

Lermnal of @ ool LB Recerve KU EAT AER NG R A PR kR VD e
associ ated nethod, for form ng,l ITAL COMMENICATIONSIGNAZNd 10

encoded conmmuni cati on si gnal to receliver apparatus, and an associ ated
. et hod, for deinterl eaV| ng and decoding a nmulti-stage interl eaved

d
- link perforfance is pr b?lllféﬁfnf dnwgpga%tesegﬂleraﬂal @ e F&qu@?sqone of 4 %5‘%
~ comuni cati on i uﬁ:@#ﬁﬁ%ﬁigna%&ﬁn@tﬂﬂ% tfontRand), Sh&lf 45 LERiHGABAion channel

upon t communi cati on channel. The
- informational COlfdirfmﬂlg aflitkhbetween a radmcbmn’aattmt arcdqasn(mbl tevamabef eeesllular ed
with a bit error rate of .l ess th %r ﬁ i q ng,

si gni fi cant anouﬁ?@méf“c%tl%ﬁ&q"e‘?r Warlyd %9resent invention refafes 0 Frter

- embodied in a Ce'hﬁgﬁ CRITHR o el ﬁ%ﬁfo@mfbﬁfdﬁﬁﬁr@‘a%ﬂﬁl&ug%aiﬂt%aved and
signals are trand 8" upon c annel's suscéptible to multi-path fading,
cinproved radi o 2@ncoded|communitafion sigmal @and so pacewedmpamtmshond amassociated methady

t he transm ssion delay otherw s UJre r,ovi de nul ti-st
encodi ng and i nt &endsiitsrisavingand ‘ﬁﬁ‘i’q“?g %P‘é‘&é E?@ ed dnd encofegﬁ;&mmumca?gn
. interleaving can &%perforrred at a single Iog| cal device, such as at a

radi o base Station of the cellular comunication system 25
BACKGROUND OF THE | NVEMprdshed radio link performance Bprovided tat overcomyes e@adistorion of
increasingly constructed.to per

. th i)
_comuni cati on t edhCRBENIGHOKH °§"t§°‘&iﬁ%‘ﬂ I za& QaPeﬁfilﬂ%?‘? S‘H“Ifetlr?lég\‘f’sﬁm of
sending stgiion agd fardaf o M'tﬂg céf.ﬁlmsnmfauoﬁ rhghgeﬁd'ﬂlecﬁﬂmmﬂav Chténe feike

~the communi channe or me a portion of
- el ectromagneti ¢ sqepahiinication signal dande récreated wnhaﬂdmmmtemﬂlmsahmm“‘owtth@t

. conmmuni cati on system
introducing significant amounts of SIgnal transmission delay.

When embodied in a cellular communication system in which communication

signals are transmitted upon channels susceptible to multi-path fading, improved radio

20 link performance is provided without an increase in the transmission delay otherwise
required to provide multi-stage encoding and interleaving. The multi-stage encoding

and interleaving can be performed at a single logical device, such as at a radio base

station of the cellular communication system.

25 BACKGROUND OF THE INVENTION
Communication systems are increasingly constructed to permit the utilization
of digital communication techniqués by which to communicate information between a
sending station and a receiving station. In a radio communication system, the
communication channel is formed of a portion of the electromagnetic spectrum, i.e., the

30 “bandwidth” allocated to the communication sysiem.
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A cel | ul\gpogRsaRENi cation systemis a type of radio conwunnmmﬁm&nmﬁsstenland
is exenplary of a type of conmmunication systemwhich is increasingly
constructed to utilize digital conmunication techniques.

By utilizing a digital comrunication technique, the information of a 5
comuni cation signal can typically. be nnrg efficiently conmuni cated between
t he sending station and the receiVing station. In a radio

communi cati on syste wi dt ted to the radio
conmmuni cati on syst éﬁ?‘lﬁm‘ﬂmoﬂy %‘?ﬁa" Ta °°°m“?‘*?b"fa§ E"PP‘H ency
provi ded by t heeidpldry of 4 g&;e%ffcamﬂmaicm&n ﬁemmemsl :Q&eésﬂ@wdmﬁucted to

permts the aIIocated ban dth to be utilized nore efficiently. By
utilizing a diulizedigitd communisatiomtechniques. t echni que, the communi cation

oo casad Ty adiy dheaE BatetA b5 Bmupaion, (SHHeSE) oS SuBiHRan BE. 4
capaci tys5of t hgmisti@Rbh SighhlNézhagpieally femptd emaieRsy bansuhicitad bl:ﬂve%nm ti-

user, radi o conmmunication system .for instance, an increase in the
conmuni cat i on sending statiommad ithy repeivinig statietdi In @nadloumtsumgatmmmmah&a by

f th f I
Forning a companPeis afocefediociheisade sommpmisafian system 1s typichty e “fhey o
recei ving st alinBfovel eficiciey BrovilH Y HESSHIRALGY 6t gl coiilalivn RRhige

i deal , | oss-free ‘conmuni cati on channel conmuni cati on si gna _
m ght be suscepetmitd theljocated bandwnd!bgp beiutilized moye ¢Bidiently.nBy wtilizing k digidl ng.

If significant, such fadi m reven urate recovery at
he r ScdPuf ng CTETRSTREHeHAIR s iRlPh SEHEiEh o B a8 soprpRGAsR
portions of ”?;g steRTERR Somfetifids Shdd Mdreasbi®) ©Th CfadicP cotfthinicafibs systems, the

To increase the probability that the informational content of "a digital
communi cati on asnmmicaﬁompmtybéﬂhe Isystenrhis hmﬁﬂbm@e glicrated Foanrhmdﬁe In@agunltir ed
once recel%ed at_th etrecel Vi @ gﬂll i he da.taiB S which are
modul ated to f45FmIpfQ communication system, {ox Jasiqnce, ddh‘é’l:reﬁ iy ﬁ&?‘i“ﬁ%‘gmé Ubded
according to agp ﬂfg&hﬁtga&ﬁﬁéiﬁhﬂ#ﬂto%nmmca@ﬁk}%&fthé&ﬁnﬁhﬂaﬁion's?ﬁéﬁases
the redundancy of e signal. Even if portions of

communi dati on si gnah radie frequaticy link fasmingsa c@mmumwmn channgl betweneadamhngn ts

nodul at ed ereqn to be ered |nc e du

i ntroduced by s&‘l’ﬁ’ﬁﬂﬁ“ﬂ repﬂ\ém%g@téonoqft% O comt Fﬁ@b‘é%@pj% ?ﬂﬂ

that the inf Oflaﬁtﬁw@imrﬁ&m&aﬁm caﬁnﬂeheASé&ﬂaﬁmsaqanQegnmeﬁfgmbeduscepuble to at
the receiving station. - Various block and convol uti onal coding

t echni ques h avdegtadatton@emod by ouilti-path fading. If significenissch fading-wight prevgntdhe t he
signal at as earégtlxrra]g rse;[:c?\}elryozrtlt th(g:o Peceivir %%mn%f li]he mFormat:onal content of at least the
20 portions of the communication signal subjected to such fading.

To increase the probability that the informational content of a digital
communication signal transmitted by the sending station can be recovered once
received at the receiving station, the data bits which are modulated to form the
communication signal are sometimes encoded according to an encoding technique.

25 Coding of the signal increases the rédundancy of the signal. Even if portions of the
communication signal are so distbrted as to prevent some of the data bits modulated
thereon to be recovered, the increased redundancy introduced by encoding the data bits
increases the probability that the informational content of the signal can be recreated
at the receiving station.

30 Various block and convolutional coding techniques have been developed to

increase the redundancy of the signal at a sending station. Corresponding block and
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convol ut i oWR9882¥6di ng t echni ques have simlarly been devel ope{fE? 3 code’

t he conmuni cation signal, once received at the receiving station.

In at | east one type of bl ock coding techni que, check bits are concatenated
to bl ocks of data bits of which the comrunication signal is to be
formed. The check bits 5 are of val ues -@ependent upon the val ues of the
data bits of such bl ocks of data.. In at | east one type_ of
convol uti onal cedhvajuticnahdecoding sechniques bagusimilarly been developedotorderade thee
data bits. The values.of. the hits of thgagﬁ}eed se@%etaﬁe are dependent

~ upon not only t [FEMERYRICELPR, gn4)s ONick Keqelve JEGHY" %t 0 be encoded but

. al'so upon bit In X@ieh&%neiyﬂ%r&w&k%e Fftedhﬁﬁuerkﬁﬁékms #tacandatdnsated to
previ ously encoded. 10 Encodi ng of the data bits which are
nodul ated to f orblocks ofxdatabiisofiwhisch the gpmumcatlon signabid v he faymed s The check bits -
facilitates the recreati of, the i 0 S | when
the interfeérencd™ ﬂf%@gae'@ﬁwlm@ @e q&agﬁ%?émﬁﬁpg{aﬁ%ﬂt%@%

- however, the In! 42 1&4st 6{:@%@ df%ﬁﬂfiﬁtﬁﬂﬁl Eiing tedBniG@sIALbded seqiened gnal
Is of a lengthier duratlon e.g. greater than several bits,

encodi ng of t he fdrhed f the detadstsn The anlses of thh bits pfithexoded sequencsrare densndent
content of the signal shall_ be able o be ggcg\}cgtel recre

~Various interl ed%WﬁQW@ll)hﬁFaﬁé@l“ 5@@?& W?’&H@"c‘@b‘{tﬁw upon bit
- possibility yes o?@%edlﬁ% fs@c{)u%ﬁéé?. o?ﬁ&t&%ﬂﬁ?é%diﬁ%néod‘eﬁmmm cation

signal during i ts ransm ssi comuni cati on channel shall
- prevent th® recovery Eicodingofthbdataﬁitswhahamm@ﬂutedto form a conmymication gignal

When t he data bItS are | eaved, consec Ve, data 0

" cormmuni cati on vantageog?f bﬁ&*‘mﬁséhe TETEON 03%]{“ %ngé nﬁcﬁ?n’feBI Bét?‘f’ sighel e g
consecutively. d alisSoOdRkt diafiGt CifY Reweler! BR

- receiving statlon P{?%r nce' ik gcare recoﬁﬁ ned. M Because the data
" bits are spread- ﬂtei-feamermﬁrodmad upcst the communisatiessignal ksaifia lengthiesdm'mom 98

consecutive bits in a manner tohgreven t he recreat#gsr; of thei

i nformati onal cogfeater  thow several, oof the dpfa dpres mgt §P§FF Jhat the
Di gi tal copgruni Cﬁ?drﬂﬂu&ﬁa‘i @Gﬁtgﬁieo?tﬂé Sigitl bﬁﬂl%blﬂo‘&rdc&iﬁteﬁﬁlehﬂéhﬁ&

conmmuni cation ens. For - iInstance, a cellular "communi cation
system constructed p uWamrsnnteﬂeavhxg techmques havedtean developed e réduce theqossibilibhe
d obal System for Nbbile canmu t| ons U.tl iz
communi cat i on teﬁﬁ %1‘8'“0 1?95‘Iaa9° @M%ftémﬁw&%g?%
- 30 according,_t f fHeMAfdrinad n
Ml tiple ac Hg:cesﬁ)kﬁéy-@g?%l{ngfsg@nﬁ%%tymﬁt {’W?seﬁl gi tal co&n’:fai?r?rsg%??on
~techni que. Pri otherédf.

20 When the data bits are interleaved, consecutive data bits of the communication
signal are “spread-out” so as not to be transmitted consecutively. Once the
communication signal is received at the receiving station, the data bits are recombined.
Because the data bits are spread-out over time, distortion is less likely to distort the
consecutive bits in a manner to prevent the recreation of their informational content,

25 once received at the receiving station.

Digital communication techniques are utilized in various cellular communication
systems. For instance, a cellular communication system constructed pursuant to the
standard specification of the Global System for Mobile communications (GSM) utilizes
a digital communication technique. And, a cellular communication system constructed

30 according to the EIA/TIA IS-95 specification, a CDMA (Code Division Multiple

Access) system similarly utilizes digital communication technique. Prior to
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t ransm sppegsRkeé conmuni cati on signals generated duri ng opITSEISN003S such
systens, the data bits, of which the comunication signals are
formed, are encoded and interl eaved. In a CDVA- based system

nodul ation is typically preceded by spreadi ng of the coded and
interleaved bits by a code sequence. Cor[gspondi ng despreading is perforned
at 5 a receiver. Qperational protocols for the encoding and

I nterl eavi ng o, st o _
standard specificatl SEE rreglp))%%\l ggeaeergteg?ﬁxtgméegérgndmoﬁsﬂ& %@&W é&* eavi ng

pr ot OIC ols ar ed?h bits, eﬂlhlf:lﬂgib Icormnfumcatlon signals are foﬁlhedl;l ategdncedudmhd g edentted.
interleaving o ta bits o gonmuni.cati on a rease
t he possibili W‘tﬁ ?’FEdPY‘FF% ﬁé Hom 1stypicallypree ?ﬁ@v&m@m Eﬁfi:egl gnal ,
10 bj

_Subj eckrﬁﬂin{eﬂe Vel Bith 6 G'468e Qédh%ﬂb‘lr g°%3§&@msuc%£%’ %’L&ﬂaﬁn at

conmuni cat | on anne can encodi'ng an

i nterl eaying, amﬁses Opegmahal prodocols fosthe encdding yind interleaving of ddte bitedrentse may

be caused, e.g., di stortion due noi se and baot h adj acent- and co-
channel int erFQSrfeﬁgé“ the, respeetine ﬂ&%‘{iﬁd ficationsat Lorresrandingcdecodivg andsed

from ot her dein erlea‘)ﬂ@raﬁgﬁ%r&@% E‘&@&l&&il ng decodi ng and dei nterl eaving,

‘causes additi ona ransm ssion delay. If extensive, the

transni ssi on del ayAtthmughleamtﬁngtmd imemamglmf theadata bits of a comiminidagionignal -
communi cat i ons between a endln ion,and a recejving station.

Wien t he radi BICEe3aeths; Rossi '@)‘FVE!‘? ogﬂmqqa sentent ofithe, cammpnigation sighsher
than @g&&g@o {nférf&féﬁéé &g xifs%%agil 181J§u G fhg'c gﬁ.ﬂg,ﬁm&g?&éhﬁ.ﬂaf&ﬂsed

S|gn|f|cance ance or ra err

normal |y accepé absbreatumemd:hmcomdcmtermeg,g oauses Sighalr traskmission delay.of
speech infornatign. However, when ggta forns the |nformtiopnal con& ent of .

t he %mlwcewbh%as, distortien dusrtongise apd bpthyadiacens- a1d eRst ¢ er

than 10[err] Such a
level of radi Oﬁalnh Eﬁ%ﬁe??nc? n%‘nac%D%g%%% @t}% Iﬁ{[?éli'ge{l{grfé:e ganbe Ica}]used from other
interleaving ofers.heTigatardsponding decaiingrum dain'temha'\ahgneduséwad&mdnahmgmlt ted.

However, if 25 there is correspondent . increase in the sjgnal .
transni $3i on tapuyistan delay.o If extenstyg thegransmission delay (can &HHl‘?‘F@W&IW@h%dl ng

and 1 nterl eaviigiy b Goifigticdidal bewaaa s&ﬁk.@[ystmoq%daﬁece%n statiortinaccept ably

| ar ge. I 0 I -stage enco
i nterl eaving technWhea theradid contrhmnication system isutilized tmkarpanﬁctatmmﬂmethan be
' mproved. Howm;,}\)/e%cr:h Cr)rrr}:i/t?onnt o lmk per}oln_ni}u?e 1?0 irrllgl%g;er&gsigniﬁcance. For instance,
a bit error rate of 10? is normally acceptable when the communication signal is formed
20 of speech information. However, when data forms the informational content of the
communication signal, a bit error rate performance of better than 10 is instead
sometimes required.
Such a level of radio link performance requires additional encoding and
interleaving of the data bits of a communication signal to be transmitted. However, if
25 there is a correspondent increase in the signal transmission delay caused as a result of
the additional encoding and mterleavmg, the resultant signal delay might be
unacceptably large. '
Utilization of a multi-stage encoding and interleaving technique permits the
radio link performance to be improved. However, conventional multi-stage encoding
30 and interleaving techniques typically introduce unacceptably large signal transmission
delay.
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A manner by which the radio |ink performance-can be inproved w thout

causi ng a correspondi ng increase in the transm ssion delay woul d be
advant ageous. It is in light of this background information
relating to digital conmunication t¥chni ques t hat the significant

i nprovenents of the present invention have evolved. 5 SUMVARY OF
THE | NVENTI ON - A manner by which the radiedink perfaymanesrcan be impravedovithopt pausingdes

transmtter apparatus nd .an . associ at net h or. formng a
Ul L st age |t ot SIEReRE PR B the CRRTRHSR el Would be adinigeBpus. T
present invention furghfen l%ﬂt/@ﬂhﬁ%_élk?bﬂn@iﬁlmfhﬁﬁén Febfiiiz 6 dighaPédrirhisficatibnd
10 an associ ated net hod, for deinterleaving and decCodi ng the

mul ti-stage i nt etethogques that the significant improaetscafithe present invengonyhavie evolved.
The nul ti -§t age interleaving and encodi ng of a comruni cation signal

- facilitate recovery of the informational content of the signal
~subsequent to i tSUMMARY OF TRERPVENTION a conmuni cati on channel
susceptible to interference, such as a comruni cati on channel 15

suscepti bl e to nul ti -Ple presentinvegntion advantageously providestransmitter agparatus,dnd an

performance i s provided t ercone distortion of th N
~ communi cation si b‘ﬁ%ﬁ“%ﬂ‘ﬂ%‘ﬁ%‘%‘gf otfeRe M?]PZS_E?&F I‘f‘tF‘i‘?ﬁvﬁ‘g%‘?qcﬂﬂeq Fomaymeation
~ of the Sigdanar héﬁ%nttimmhﬁw§%&%6ﬁdes receiver apparatus, arld"
one aspect of the present invention, transmtter apparatus for a
mul ti-stagd 20 an assoviadefiovetbod) fordemterteaving asd decdding@be ewlti-stage interieavet ang i s
per f or ned acrossﬂ%oa?eflect ed . nunber of franmes of information, i.e.,

"data", bits whi® ?ﬂ'%f“ﬁ@?ﬁﬂ?ﬂisi’%‘ﬂ'on. si gnal . to be transnitted
- upon a comuni cation Glﬁktagé’iht&i&ﬁ%hﬁ&x?&?ﬁg’ 6f a EthRbhiBAYSsignal facilitates
groups of bits across the sel ected nunber o rames. An 1 nner encoder
convol utional | y recovery of theinfopmiational contenf ofithe higodl subseqhend e #s trnshsissiorbupan
And, an inner interleaver, interleaves, bits across the sel ecte

5 .
nunber of framescommunication channel susceptible to intesference, snghyas grcomppunigation ﬁganne'

i nvention, 4 ecei ygk Rt Huig- ﬁ,qgg?‘ and dei nterl eaves a
communi catll%n Si éﬁa‘f@or rreq%ﬂo a mul Ti-stage, encoded and interleaved
set of frames of dat althprosed eaiio linkl pedfienmaate is/providedto desrndme ldestoréion of the

deinterl eaves at least, ., . . . . . .
communication signal caused by such multi-path fading during transmission. of the

signal upon the communication channel.
In one aspect of the present invention, transmitter apparatus forms a multi-stage
20 encoded and interleaved signal. Outer, block encoding is performed across a selected
number of frames of information, i.e., “data”, bits which form a communication signal
to be transmitted upon a communication channel. An outer interleaver interleaves
groups of bits across the selected number of frames. An inner encoder convolutionally
encodes bits of each of the frames of data bits. And, an inner interleaver interleaves
25 bits across the selected number of frames.

In an another aspect of the present invention, receiver apparatus decodes and
deinterleaves a communication signal formed of a muiti-stage, encoded and interleaved
set of frames of data bits received thereat. An inner deinterleaver deinterleaves at least
selected bits across a selected number of the successive frames of the bits. An inner

30 decoder convolutionally decodes bits of each of the frames of the selected number of

the successive frames. An outer deinterleaver deinterleaves groups of bits across the



sel ected bits across a sel ected nunber of the successive franes of the

bits. An inner 30 decoder convolutionally decodes bits of each of the
franes Ofwébﬁszgﬁ‘d ect ed nunber of the successive fpcaysessoodss out er
dei nterl eaver delnterl eaves groups of bits across the WO 98/ 32256
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sel ected nunber of frames ofthe bits. And, an outer bl ock decoder decodes
bl ocks of the bits across the selected nunber of the successive
frames of the bits. Because the outer and inner interleaver

i nterl eave groups of taspits ¢ . I ndi Vi | anes of the. data
bits, respect ii?%?ﬁ“‘é‘g%&?gg?'ﬂ%so?g%emﬁuﬁﬂ& alb?ﬂt&glggl?gﬁm%gr decod srb?ﬁﬁf) only
a single buffeahkBils &iragahé Selécbsiiiuntsér bPthe\shéREsivd Rarhid Tehesitsnumber  of - -
franmes to permt the respective interleaving operations to be

per f or ned. ecause the yderopduinner intesleaves dnterleave rgreupsdef date biteandr and

outer deinterl.eaver . - . dej nt.er| eave. data bits and groups af .dat
bits, respect iw@y@}lalazr}egsog tp?l ga@ar\?,}gs, (GRY _vgg'f fcrdss the SW%HWE%' og ﬁ?lﬁag‘?
single buffer ffndsestlyf 4 Snplé buffering Sthgd ib feqiraite|bulfer Me sabited Mirfber of frames

dei nterl eaving 10 operations to _be perforned. Because

only a singl e toyfermit therespestiee interleaving opatations to\be performeidt t er appar at us
to formthe nmulti-s{aqge interleaved,and encqded .si gnal,, and onl. si ngl e
buffering stage _A“g(_’gmﬁs > r%eﬁﬁ‘fﬁgeg’ebf'feﬁ_eg?'g@gﬁ}% éxpge{ug?%.g?leaver o
substantial regifiérieave dafa Bitd@nd geoupk of data it ?%P@&iVely, across thé $ari¢/mirtber of -
possi ble. 15 . .I'n another aspect of the present invention,
appar at us posifrimascenya single buffenisiseanired to buffer the signalito perspit beth|deinterleaving

cel | ul ar, comuni cati o stemforns a nulti.-stage encoded and
i nterl eafed si‘g’ﬁéﬁ’%&@%ﬂﬁﬁﬁwﬁt i on upon a communi cation channel

suscepti bl e at Becausd @i h sinfleBaliefingddsthd ik shjuied rt;gene&fadsmt%hsﬁ&mg and
encoding is performed across a sel ected nunber of frames of the _
bits into whi ctofonsthgowltisagsfintgreavedandentedefl signalt and wnlyatingle buffering istager

rancs. and. - ARTORRGHSY i ePrivdRpuRhp.d P Tafleohy Lo BB ERARHREER .01 oo

nunmber of delay is pbsdibk& . Mbdul ation apparatus thereafter nodul ates the
mul ti-stage - encoded and ~interleaved frames of bits. And, the
resul t ankS si gnal i sIntanethenaspect of the presentinyentjop, apparatus positined g% a;radip basei | e

T 1 25 o speply n AP35 MR 000

dei nt er | eavi nginferleaiedi sigifabfiv RfRGAMEAtioN dpon a communication channel susceptible at .
least to multi-path fading. Outer interleaving and encoding is performed across a
selected number of frames of the bits into which a sequence of data bits is formatted.

20 An inner encoder encodes data bits of each of the frames of the selected number of
frames. And, an inner interleaver interleaves data bits across the selected number of
frames. Modulation apparatus thereafter modulates the multi-stage - encoded and
interleaved frames of bits. And, the resultant signal is transmitted to a remotely-
positioned mobile terminal. | '

25 The radio base station further includes analogous multi-stage decoding and
deinterleaving apparatus for decoding and deinterleaving a multi-stage encoded and
interleaved signal transmitted thereto. A buffer buffers a selected number of frames
of the signal received at the radio base station. An inner deinterleaver deinterleaves
data bits of the selected number of frames buffered by the buffer. An inner decoder

30 decodes data bits of each of the selected number of frames buffered by the buffer. An

outer deinterleaver deinterleaves groups of data bits across the frames buffered by the



. interleaved signal transmitted thereto. A buffer buffers a sel ected nunber

. of franes of the signal received at the radio base station. An
i nner ‘dei ntWPI98RRWSF dei nt er | eaves data bits of the EETEEIOInber
of frames buffered by the buffer. An inner decoder 30 decodes data

. bits of each of the selected nunber of frames buffered by the buffer. An
outer deinterleaver deinterleaves groups of data bits across the franes

"~ buffered by the WD 98/ 32256 -7-
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. buffer. And, an buﬁ'e:r And,cnimuthi ducbdefemmkemecgdmupﬁ ofiddtabivs aosscthe famiehie
- frames g &g buffer. When enbodied in a :
cel lular comuni dutfer 39{‘? €-a nobil e term' naI is constructed to
- include appar at us analvggap & &h O

~radi o base station to dei nter eg€e g eco e 5| gha ran’s?ni%(%ﬁelgquwgnal 8
- by a radi o base constructedstosinclode afiffacatum hdlegdus rtmtlmhppasatas foriing portibavof a
- constructed_to incjude apparatus to encode and.interl eave signals
" to be commufi cat & ‘QWFF“F@&"&‘GA?‘%@%"WQ@P%@ s‘g“ﬂsmmued thereto by 4 yadinbage g

other aspects, tReyehovhe AN ALHRARSAERY U LOHELHERYS e apparanus to

bits formatted I N r anes conmun on si gnal

transmitted 10 encodend dntersuve signals tobe commusitated conhe radiobuse staionon
station to a renote device. An outer encoder is coupled to be

~provided.with the dat4nghese andrpthep,aspests.dhersinse, appagtisencodes and ingerleavgs;data
selected data bi Of . hits.
ol eot e da a0 AR e SR gl AR 5o s

- communi cat ifon si g;peﬂlac@ﬂmmucatlon channem@ﬂectohyndxﬁatmﬂkﬁﬁo@ftﬁﬂfhﬁﬁote dbdicUART
interl eaver interleaves at | east sel ected data bits across the
- sel ected nunber @Ptqwﬁfdﬁ%lpwt?hﬁpﬂ’?ﬂdadmtbéhe%ﬁaPlFﬁﬁeTheé?%%ﬁﬁlPO‘i% encodes

| ed b [ h
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~data bits of eac Ibu'téramﬂbﬁvdrﬁe coupled to begrbeided avithutheedonghudiGtiohr
the data bits. An inner interleaver is coupled to be provi ded wth

the frames of dateacasied by thecutarcaerres Bhe pwer interleavarintsteaves arqnléastmleqteckéata
| nterl eaveni nt erbn%aa‘éF&sF?ﬁ be§a% .@ﬁ%&gtg?%gé@e&me AataBirs. t&?m%% 8%8& is

nunber of tlﬁe anes o

conpl et e appreci ajoupledab belsropided ovith the \fiafies of datibitsenceGMetledviea lb?Qhe outer
can be obt ai ned from t he acconpanyi ng drawi ngs which are briefly summari zed

bel ow, ~ tinterlgayen &hpmea@tcsdﬂe@ce@emt 81 slected datacbits of each frame of the
- presently-preferrgfd SUNSHLEPE the HarkdiDe it data bitd VAR tdn8 mteHd8ver rllseco%fé%qg %d

- cl ai ns.

provided with the frames of data bits once encoded by the inner encoder. The inner

20 interleaver interleaves at least selected data bits across the selected number of the
frames of the data bits.

A more complete appreciation of the present invention and the scope thereof

can be obtained from the accompanying drawings whi&:h are briefly summarized below,

the following detailed description of the presently-preferred embodiments of the

25 invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a functional block diagram of a cellular communication
system in which an embodiment of the present invention is operative.

30 Figures 2A-D illustrates portions of the communication system shown in Figure.



BRI EF DESCRI PTI ON OF THE DRAW NGS ' Figure 1 illustrates a

functional block diagramof a cellular conmunication systemin
whi ch angygydigghegent of the present invention is operativepcp@essnooss
Figures 2A-D illustrates portions of the comunication system shown in
Fi gure WD 98/ 32256 '
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Figure 3 illustrates a functional block dpagram of part of the network

infrastructure portion ofthe comunicationh system shown in Figure 1 in

greater detail. . . Fi e A illustrates a functiopal hl ogk

di‘agram of part of .Ft’ﬂgen%d‘hfsgafeér%\ﬁ%ﬁ"og?l i)log‘k (ﬁlagr?‘ﬁe?{:B?ﬁ?nﬁﬁ)B’gtP W°§§/st em
shown i n Fi gurigfraktri:éhu@ poatiof of fiRicaintnunicition system shown infFigureq iA ghdatdtetall €S @
functional block diagram of a bl ock encoder, represéntative of the

outer encoder of t Hagure 4illusiratescr fupasional blockdiagnar of parg of the3nobile terminal of
Figure 6 illusirates a functional blo di am of onvol uti onal encoder
representati vii‘%?°’1?w}é“'m}?é‘rsy%tﬁ‘8&hg?’"8¥cﬁ$ﬁf a]t%zgﬁiﬁ%?rt pl portion shown in

Figure 35  Figure SFilistrftey d |fnmttohall BRocR hiagéaﬁﬁlofdha%am &RB¥drng
operation of an interleaver of the 10 transmtter portion shown in
Figure 3. representative of thieputer egcoder ofthe axagsmittenportion shovemindfigare3m | i st i ng

t he net hod steps of..the .. hod gf,.a odi nent__of _the present
i nventi on. F‘g%EPA}‘\E‘%%%?P%\W&]‘ %%EW“YWW@S’
Ref erring fir sepreSenbitit ofthe infer RRESdePHE tE trandifittbripcHios SHORH tnFagdr@B. syst em

shown generally at 10, illustrates a network infrastructure portion |
12 and a si ngl e notfiguse 7 illustrates z legieal diagranvshowittgzopierdtion of an intérleaveraofithon 12

and the bile termnal 14 are . .. _ i nterconnected by way of a

communi A3t | on%‘?ﬁrﬁ'%fpﬁ%m ﬁ%‘ﬁnf'{_ﬁlﬁ'éreg‘l ink ' t her ebet ween. The
channel 16 may, e. (Riguree HMSEAS b Methddfiow! didgriia tidting tHeGethdd steps of the

It should be noted at the outset that, while the various enbodi nents of the

present i nventmehodofdan enhoditaent of thepresentinventipect to a cel | ul ar
conmmuni cati on system .the present invention.can simlarly be
enbodi ed in other types of wreless

DETAILED DESCRIPTION OF THE PRESENT INVENTION

15 Referring first to Figure 1, a portion of a cellular communication sysfem, shown !

generally at 10, illustrates a network infrastructure portion 12 and a single mobile
terminal 14. The infrastructure portion 12 and the mobile terminal 14 are
interconnected by way of a communication channel 16 which forms a link
therebetween. The channel 16 may, e.g., be susceptible to multi-path fading.

- 20 It should be noted at the outset that, while the various embodiments of the
present invention shall be described with respect to a cellular communication system,
the present invention can similarly be embodied in other types of wireless
communication systems, such as, e.g, an RLL (Radio in the Local Loop)
communication system or a satellite communication system. The present invention can

25 be embodied in other full duplex communication systems, as well as half-duplex, and
simplex communication systems.

During operation of the cellular communication system 10, communication

signals are transmitted between the infrastructure portion 12 and the mobile terminal

14. An embodiment of the present invention is operable to improve the radio link
30 performance of the system. ‘Data bits, formatted into frames, which are to be

communicated between the portion 12 and the mobile terminal 14 are interleaved and



© communi cation systens, such as, e.g., an RLL (Radio in the Local Loop)
- communi cation systemor a satellite comuni cation system Th

i nvent’i on cﬂﬁ’é%”“ be embodied in other full duplex commn?ggltswbss
. systens, as well as hal f-duplex, and si npl ex communi cati on systens.
During operation of the cellular conmunication system 10, conmmuni cation
signals are transmtted between the infrastructure portion 12 and the
- nobile termnal 14. An enbodi ment of9-the present invention is
~operable to inprove the radio link 30 performance of the system Data

bits, formatted encbded rQnoeintenidaved and encoded)dhe bits are modulatedniponatacsmirii twaven

" the portion 12 an fhe nmobi |l e ter '.pal 14 .are interleaved.and . WO
- 98/ 32256 nterleaving and encoding facilitates their re-creation at a receiving station subsequent

PCT/ SE98/ 00035 ¢ transmission upon a communication channel which exhibits interference, suchas that
. encoded. Once interleaved and encoded, the bits are nodulated upon a

~carrier wave. caused by muli-path ¥adimg. and encoding facilitates their '

"re-creation at a receiving stati on subsequent . to transm ssi upon

a comuni cati on chann®® WM BQH‘WE ﬁ‘?’ﬁtg\"%‘r Sinetionally to gg 5%5{5“6"0?’3’ an
caused by mul ti - pdrhaficiiolifbe 22, is provided by way of fhel 24 8/ Rt @ bndd

shown functionally to %gg gener’altsg{:lovt)f ayrr]wayo I nformati gﬁb%gg{r]%fe‘&g{f&erl S

~ provided by way 26. Theseuf4 ebcoder 26 i ane embodichent, digitizéstheriforaation signal apphied
The source encoder 26, j.n one.enbodi nt, di.gitizes .the infornmati on signal

“appl i ed Qg fgﬁ’éﬁt’f @S‘Hﬁ?@%”t“?"? St sBPf@'ﬁ“ﬁ?%dstgiﬁgSe.neW%

- source-encoded  spafglendRBLIGEGPplied, b 1ihé'28, 49 5 Siter Sfarin 89, -
way of |ine 28, %’% an outer chgﬂnel’ %Pl”ggggrl 53 Line 10 élS%egéétr?%diL%eto

- the outer thanneB3 extemliigy to3he putef chanhdrencodean $2iafuether Husttated inghe figurbaData

_bits fornmed of ipter.nal -control, signaling.bits are . alsqg selectivel

" provided to the bits fomede?{‘t’?m a‘ﬁ“@&' F‘}gné‘t%%r.e also selectively provn?iec{ fo b

enbodi nent, as s A drep?zo&?gﬁﬂ Qgg‘ bel ow, the outer channel encoder 32

forns a bl ock enc ock encoding the data bits of the signal
- applied thereto 15  In onecemboidngent, as shalldbeales@ibed belokw, threamtérrohatret badoderc32

Che sl anal appl | BTSHHRMSeQUFt-for black sucadips theta it of the Szl aphed ereto
enbodi ment 441 | US hicahdig foliSse a%ck?e%c&angfeCMQﬁ@drmbug‘ MCH%FO&% &&gg, the)

. ot her enbodi nents, the encoder encodes the bits of the signal applie

. thereto in other redundancy ofithandatasbit26f the signal applied theretwist increasednn@hile the

- encoder 32 is coupled, b of. line 34, to an_outer i nterl eaver
36, The outer | nedmAYy elnbadineat lsstrales the eReodet 34 bk Briged afablgek gidader, in

across . other embodiments, the encoder encodes the bits of the signal applied thereto in other

manners.

20 The outer channe!l encoder 32 is coupled, by way of line 34, to an outer
interleaver 36. The outer interleaver 36 is operable to interleave groups of bits across
successive ones of the frames into which the data bits are formatted by the source
encoder and formatter 26. The outer encoder 32 and the outer interleaver 36 provide
a first stage of encoding and interleaving of the data bits of the signal generated by the

25 information source 22.

The outer interleaver 36 is coupled by way of line 38 to an inner encoder 42.
The inner encoder 42, in one embodiment, forms a convolutional encoder for
convolutionally encoding the signal applied thereto. The inner encoder is here further
operable to encode the data bits of each frame applied to the encoder. While the

30 exemplary embodiment illustrates the encoder 42 to be formed of a convolutional



successive ones of the frames into which the data bits are formatted by the

source - encoder and formatter 26. The outer encoder 32 and the

out er inﬁ&; r 36 provide . a first stage of enpefisiissoonss ’
interleaving of the data bits of the signal generated by the 25

I nformati on source 22. The outer interleaver 36 is coupled
by way of line 38 to an inner encoder 42. The i nner encoder 42, in
one enbodi nent, forns a convolutional en Qper for convol utional ly

encodi ng the si gnal applied thereto. The i'nner encoder is here further

operable to encod the ata ,bit-s ach frane dt he, e cod

ThT ot b 307 SEeSGr i Be SuibReth 158 Bivcter FirodBP e bl she ik P

formed of a CQHB{-Qﬂo%bﬂi%ﬁ{nanners WO 98/ 32256

PCT/ SE98/ 00035 -10-
.encoder, in other élﬁbdxmbhmodexlstdweplediby)mY of et antipndriinterledver 4 Theynal
appl i ed . thereto jn ot encoder

is coupled by inpe inferleqvenis °39fa‘f' %‘%W&?aﬁarwtétaf’@ﬁ%ﬂmﬁwe?ﬂﬁs of the Fhmé ®§ nner
interl eager | %faasmpiﬁhmhe@foememr &icbder 42 afid Bfe/iRfE iftbiiGSec4d/ ogoiRes Of

the frames ta bits applied thereto. The 1 nner encoder 42 and
t he inner i nt doineaseond tage gEeriveding and interleavingnofithedoformiatidnesignabf encodi ng

d interl [ f.th f d 32
2nd 42 and 1 nt or) ecAHeGodersIaany s msduiiaverm 3 and ﬁ@tagmw&a&%’mﬁ :
of an enbodi maftoreh tiiGodihER sgg, P& hvBitich ®r Foﬁgi:ﬂg Aol Bilghlint8idiied and

I nterl eaved an enc conmuni cat 1 on I'n~one odi nment
t he appar at us eh€oded chommmitation sigd. In one adbaﬂxmmtetlmtagparatus 60 isformed atl aar
connunlc tion s dnner_interleaver 46 is coupled

em
by way dP Iind@ ?i’?i? saaq%d]gpé:plg,pla%cgm%catmn systeM.pqul at or 52 i s operabl e
Lo modul ate the s1 ofyalne il 4518 LGOS WYSF I 2 10 o modulasBPS 2hd 0N

techni que, such as, e.g., a GWK (Gussian "M ni num S h| Keyl ng
modul ati on or modtﬁmfr 6Qdexpatabhetmdda@hihbtsngﬁa§/ iappHedmheretaacannding dbrd que.

|1§t erl egg{jcg:'{“g‘i%ﬁ;‘% tec que s“@'oﬁ%St eme@@&%fgi aﬁ%h@@r&?e‘ggggﬁd&%%@ prior

to nodul ation m@flﬁtﬁﬁmﬁg' OPSK. (Quadrature Plﬁh‘@%ﬁﬂyﬁé}nnk)) nﬁiﬁﬂﬁﬁ%%&lﬂiﬁ e

despreading is perforned. I'n conventional manner

oper abl d5t o nt’@picai)efm'@MAgﬁmed apmseaprcadmgeqfcthm pmdedamd mtmilaawed/\hltsday a
thereby to form ni.cati on sign of , char cter er I ts
transmi ssi on 2@ e ( f%?&)tﬁ@ E‘Eﬁ?‘n‘ﬁ% %W%pﬁ‘ﬂﬁ {:PVE%H’PQ‘P in
the figure, thgyequEmi deflodBtion, a despreading is performed. In conventlonal manner, the

modulator is operable to modulate the signal applied thereto upon a carrier wave,

S

thereby to form a communication signal of characteristics to permit its transmission

20 upon the communication channel 16. As illustrated in the figure, the communication
channel 16 includes a plurality of paths 54 upon which the communication signal is
transmitted to the mobile terminal 14. Because the communication channel 16 includes
multiple numbers of paths, the communication signal is susceptible to fading during its
transmission thereon.

25 The mobile terminal 14 includes demodulator circuitry 56 for demodulating the
communication signal received at the mobile terminal 14. The demodulator 56 is
operable in a manner generally reverse to that of the modulator 52. The demodulator
56 generates a digitized signal on line 58 which is applied to an inner deinterleaver 62.

The inner deinterleaver 62 is operable in 2 manner generally reverse to that of

30 the inner interleaver 46 to deinterleave bits of the signal applied thereto.



- channel 16 includes a plurality of péths 54 upon whi ch the conmuni cation

. signal is transmtted to the nobile termnal 14. Because the

~ communi cat "W 9%8AASkel 16 i ncl udes mul ti pl e nunbers BETFEIN0035 e .
conmuni cation signal is susceptible to fading during its

" transm ssion thereon. 25 The nmobile termnal 14 incl udes

- denmodul ator circuitry 56 for denodul ating the conmmuni cati on si gnal
received at the nobile termi nal 14. The denddul ator 56 is oper abl e

. in a manner generally reverse to that of the nodul ator 52. The denodul at or

: 56 generates a digiti Theimheieititerieaver 62 ¢ cotipledh by vay of Hingb4 tslart inérdecodet66.
. deinterl eaver 62. The :inner deinterl eaver 62 i s operable in:
*a manner gener al Weﬂ’éﬂéi%@defﬁqpﬁﬁbleéﬁa%"ﬂefgewywt@Fhaépf&ﬁ\}@eﬂmchéf

- deinterl eave hitg,ef M&uﬁbﬁﬂ?hec%ﬁ@mf?%nﬁﬁﬁgﬁhggﬁf mn%%%ééﬁgaver 62 and, -
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by way of |ine 64heifinerdedodacst pbefonsdarfirsiGtage of demterfEbﬁng Eﬂitﬁdeod&ﬁ:gdﬂ' the signal
- operable in_a nmanner eneral I%/ reverse to that of the I nner enco
i

42 to convoduti ofieservp &&é%!@ lectermigal 4, angs Jempdulatadhythe #maoqitﬂ#@r 6.
dei nter| eaver 62 and g inner de%@cﬁg '68 'ikecrouglﬁﬁﬁg%y 8BidaE b4 %rfg?ogl tdrﬁ.gkerise%?%glzg’f

~deinterl eaving and deco ing O recel ve

~termnal 14, oncahdemeﬁl&émémivawztm@@hbmdulm gefierally reverse to that of the dtier
- inner decoder 66 is coupled by way of lines 68 to an outer deinterleaver

72, The dntedeaveeBhy eThee@Htﬁ? deipterleavep deintarleayes growpmekbityyefitheasignal
. reverse to that g& Eetaet ol Aty I nterl eaver 36. The outer
dei nterl eaver dei Perleaves groups of bits of the signal appl i ed

thereto. 1Qo THecouteti dRintetdanércT2 e auepled By iway &6 idscTl t)anvéiiterahahel €S
74 to an outer channel decoder 76. The outer channel decoder is

" operabl e in a nadeeqdegdfe e opter shanngkdacgder is operable ima magperigenerglly eqverse to

channel encoder S o otk SharblnaGhe3° 118 ul BREPblcBadts BaEe to tiogk

“inner and outer det rbﬁp’h\/ﬁﬂﬁts@it}ﬁrﬁgniﬂa@ﬁédth@m¢s and outer decoders 66 15
and 76 together form e apparat us 80 of an enbodi nent of the present

i nvention for Thednmer and auiteri deinteringvers 68 and g2 andrinner angkquger decoders 66 -

76 15 coupaa by S Efechieh Riryhe genruys 50 of s eplifimBlt on HREGE iy RREGHEF

- decoder is oper aljemtérieadingand 8éc hltiystdgR\iftefleavie® ahdh diicodbd kigRalsour ce
encoder 26 and generates a source-decoded signal on line 84 which is

~applied to an 20 i Tieoutes chavael sleepdend is coupled by way of line 81 to a source decoder
' ' 82. The source decoder is operable in a manner generally reverse to that of the source

encoder 26 and generates a source-decoded signal on line 84 which is applied to an
20 information sink 86.

Full duplex communication is permitted between the network infrastructure
portion 12 and the mobile terminal 14. The network infrastructure portion 12 includes
receiver circuitry, here represented by block 88, which is generally functional in a
manner analogous to the elements forming the receiver circuitry of the mobile terminal
- 25 14. And, analogously, the mobile terminal 14 includes transmitter circuitry, represented
by the block 92, which is operable in manners similar to the elements of the transmitter

circuitry shown to form a portion of the network infrastructure portion 12.
- The multi-stage encoding and interleaving of the information signal generated
by the information source 22 increases the possibility that the informational content of

30 the information signal can be recreated even if the communication channel 16 upon



Ful I dupl ex conmmunication is permtted between the network infrastructure
portion 12 and the nobile termnal 14. The network infrastructure portion

12 incl receiver circuitry, here represent ecdiysHosovnss 88,
which is genera?ly functional in a manner anal ogous to the

el ements formng the receiver circuitry of the nobile term nal 25 14.
And, anal ogously, the nobile termnal 14 includes transmtter circuitry,
represent ed by the bl ock 92, vvh_ilﬁ_h is operable in manners simlar
to the elenents of the transmtter circuitry shown to forma

portion of the network, i nfrastructure, portion 12. . e - e D€

Ul £ -t age. oRBBRFI oA OB HA it offi PREong? hiis SeERdar eq
by the inforn&{,&lggfﬁgw‘_ﬁﬁh?&idg)creases the possibility that the

i nformati onal content of 30 the information signal can be recreated
even if the comunApproptiateciodingend irgenigaying operatiokyp@fir@sd Spon the data bits
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whi ch the modPf the iferagtion signal generated by, the informstiny soyfee 22, PRQVise biLETarA#is ¢
significant  performant€ y6bF efdughio! perPiit! the tAaMlididsion of data. Data transmission
Appropriate coding and interl eaving operations perfornmed upon the data bits
of the infor nedqguirmgssughad highreadint ik perforimance imightebd taquired) i angbile padioi de
bit error rate .5  perfor nee 9o d enough to nermit the ransrr’rg'.ssion of
data. Data trSRAMADENSIO ransmit, Tpr fsance, oviccless Mulimstlia, zeptifeq t pertonn
performance mugRHWRR weébbtbwaitlg afd BRSO Video traindssions, environnments to '
transmt, for instance, wireléess nultinedia, required to perform

wor | dwi de -web br owdis rrgentiotied: [psevioislie @encoding and dnterleaving operations introduceAs

ment i oned previousl. ncogi and. i.nt er,| eaving. operations .introdyce .10
[ranom 58 on' HessyssbdERY.; SucdrRgtiurt ee P B S et PR mttemen « o
encode and . jnterleavk 'the'data \tits 4wl dh Bl IRodfe WEd | dediferleadvel 960 Wata2Bils. -
deinterl eave the data bits. Additionally, to perform such

~operations acAdditionally,doperformosuch dpesations gedssahong thancprierfeame typically requiess such
successive frgnes pe buffered for, gurpases of performn he interl eaving,
as o ol Sieh muepey et e pultestl F0r musmosel G sttt by BercAvng &y i ng
and inner i nt gieli 6A¥dMSehPing, opePRRhS Wikn i GitbRGriddving aidliticraflerf@R@pat el v,
buffering of sequences of franes of the i nformation signal is

t ypi cal 1y r eqoperatibnifuictions aneperformest separately, bufferiig ofsequencesf frames of the
Anal ogousl vy, en the Lnner and.outer. | at er| eavi.ng operati ons are
borT ormba a5 ntoration sigbals (PP eitirdl Sebius the BefeiithanEy PsiRSheBlibrs o
prior to the PRLfMRLARPCHNES thedder and outer deiBicilefihe dpéraGoNRE phifeyited as

separate functions, separate buffering is required prior to the performance of such

- deinterleaving operations.

20 However, by performing outer and inner interleaving across the same number
of frames permits a reduction in the transmission delay as only a single buffering stage
is required to perform the interleaving operations and a single buffering stage is
required to perform the deinterleaving operations. That is to say, a reduction in the
transmission delay is permitted if an N number of frames across which outer

25 interleaving is performed corresponds in number with a K number of frames across
which inner interleaving is performed, i.e., N=K.

In an embodiment of the present invention, the encoders 32 and 42 and the
interleavers 36 and 46 are positioned together at a single logical device, and the outer
and inner interleavers 36 and 46 are operable to perform separate interleaving functions

30 over the same group of frames. A co-working functionality between such operations

is provided. Because the outer and inner interleaver are operable over the same number



20 However, by perform ng outer and inner interleaving across
: the sane nunber of franmes permts a reduction in the transm ssion
. del ay ‘as oWQ983256 gl e buffering stage i s required PEUSEBAINIR, ¢ he
~interleaving operations and a single buffering stage is required

. to performthe deinterleaving operations. That is to say, a reduction in

t the- ~ transmssion delay is permtted if an N nunber of franes

t across which outer 25 i nterleaving islperforned corresponds in nunber
with a K nunber of franmes across . which inner interleaving is

- perfornmed, i.e., offfes, only a single buffering stage ésrequibaiiiortufifer thie frantespveswhich the
“invention, the encoders 32 and 42 and the I nterl eavers 36 and 46

- are positioned tWialeadns witodeperdamied. ogi cal device, and the outer

i and i.nner interl eaverg; n I . .

. interleaving functi’ongmg_gﬂ?’ Sinl.ﬁﬁos\f;dget es rrsga %E%{%@a%zﬁr?g@%ieeggmﬁﬁ ng
. functionality bepavfisrm bothlinmep andloutensleinterleaving opérafions/ | ThetebyBahatransniifsion

“outer and inner interl eaver .are operahl ver the same nupber
. 98/ 32256 S delay accompamred with a s%cor%%uﬁ‘er?ng stage 1s ob\?‘lated. The ?nterleaving span of
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~of franes, only glesllnﬁarl lgt%lg?‘feé rclaﬁ é’ es’fmédge easl lg e ga Lil:lllel’ g%ant %f E’glﬁfgru(taerr i %glé?vrezra.’rr%“s

- over .which the without affedting| thevtotad delaytsigrificapety.f (Byrathking the size of the inner
~Simlarly, only a single buffering stage is required at the npbile term nal
to per f olnteninaver andarge f8 passiblerfon gven tatal idelay.other nerfasmancerp theyy
. the transm ssion - e l€d with a second buffering stage is

. P‘gnﬁmlssx(gl 4 ﬂ%rg%ﬁ%%ﬁﬂﬁi@d.

: obvi ated. The interleavi né"' the inner interleaver can be
made as | ong as the spigires RALID dliustrdte thel vakions fanshiissiotl delays caused byiop&atibn of

~affecting the total delay s;‘gni,ficantly. By making the size of the inner

“interleaver as | Sigftedglenisatsfomming a pertionpftag,coramumcatiandsystemnlo shomndn Kigwee

of the tra LSS ' L1 . . . '
2D i lustrate dnieed of SRu AR b0 e Bfos b branmigsion deley U BHE o
- sel ected el ement gelectioni 6the Rkt dfotheofrathéscuparinmhivhe tériRavifiy UndnentOdinownd i n
* Figure 1. Review of such figures illustrates _the variance in

transmi ssion del agrrespopding rdpintedpaving and degeding,: ppgratigns are perfipeneds and, dhe
frames uponc whi clg i | | : correspondi ng
dei nterl ea\rl:? ng aﬁ"d{ cg&% ﬁg#ﬁgtmh%gﬂgg&%%%r %P?%%fmed' )

eco operations are and the 15
functional |ocations ®irstyFigere 22Lilhistiates thritiansmission delay introdackd between the inner
First, Figure 2Aillustrates the transm ssion delay Introduced between the
i nner enenensier andiniasleayar 4426 andiomps dginterleayrsand deeader 6256 Thertgtal

~ decoder _ 62- 66. Trt‘x%nét&tsﬁclm delay T, is as follows. -
Tpr =T+ Tpi + Tpas
20 wherein:
Tpe:  processing delay of the inner encoder and interleaver
Tg frame delay

Tpur processing delay of the inner decoder and deinterleaver.

25 Figure 2B illustrates an additional portion of the communication 10 shown in
Figure 1. Here, again, the elements 42-46.and 62-66 are again illustrated. In Figure
2B, the outer encoder and interleaver 36-50 and outer deinterleaver and decoder 72-76
are further illustrated. The transmission delay T,,, when K=1 can be represented as:
Tp;=2NTs+ T+ Tpiw+ Thaa+ Troes + Tpoaa
30 wherein:

Tp.i: processing delay of the outer encoder and interleaver



transm ssion delay T[err] is as follows.

[err] 20 wher ei n: T[err]: processing delay of the inner
encoder wigrbgisrisgr | eaver _ T[err]: PEHSEISI0OIBY
T[err]: processing delay of the inner decoder and deinterl eaver. 25
Figure 2B illustrates an additional portion of the comunication 10 shown
I n Figure 1. Here, again, the elenents 42-46 and 62-66 are again
illustrated. In Figure 2B, the outer encoder and interleaver 36-50
and outer deinterleaver and decoder 72-7 are further illustrated.

The transm ssion dgl ay [ = n.be.represented as: [err] 30

wher ei n: ' eII”“’" T)[‘(%eé%h?% wﬁ%?g%gﬁgbd§§figﬁ8$%@%&?er encoder and
i nterl eaver  and whiéfeirPthé séindifing terms are as defined previously. :
PCT/ SE98/ 00035 : -14-

T[err] processi ngFigsresC iiklstrvft@sfbesgne:ﬁwgueﬂs ﬁnﬁﬂbleﬁat@‘biﬂ Bgwe2B. Here, and
wh in th Lni . . ' ' .. ..
Floure 2C 111 0peiir e tilemissh SRy Tosth MRSFh RRE KN e trampmmission deley T 25

Her e, 5 isuavBNews: the transm ssion delay T[err] is shown when K=N. The
transm ssion delay T[err] 5 is as follows: [err]
wherein the el enents ar &pes28dF ir(@N-DEediNla) Y NTpus + Troe + Tppis Fi gure 2D

ULy o oSl I B R AR B YL T UL 2P0
single logical 10 FigureD illesirabds dghin the ffofire she\Wn pRVR) gg iff FigRfes OB ddde
conmmuni cation system The transm ssi on delay, T is as foll ows:
2C. Here, however, the functionality of such elements are performed at single logical
10 devices at the transmit and receive sides of the communication system. The
transmission delay, T, is as follows:
Tpe=2NTp+ NTp + NTpai + Tpoe + Trous
wherein the terms as defined previously. -
Comparison of the various transmission delays illustrates that the transmission
15 delay associated with the-structures shown in Figure 2D is roughly the same as that
shown in 2B whereas, in contrast, the structures shown in Figure 2C has about twice
-the amount of delay as that of Figure 2D.
Figure 3 illustrates the apparatus 50 in greater detail. Again, the apparatus is
shown to include an outer channel encoder 32 coupled to receive a source-encoded
20 signal generated on line 28. The apparatus is here shown to include a buffer 102 for
buffering N frames of data. Once buffered, groups of data bits of the frame buffered
by the buffer 102 are encoded by the outer encoder 32 and interleaved by the
interleaver 36 across frames of the data. Thereafter, and as described previously, the
data bits are encoded by the inner encoder 42 and interleaved by the inner interleaver
25 46. The apparatus 50 is further shown to include a control device 104, coupled to the
encoders 32 and 42, the interleavers 36 and 46, and the buffer 102 by way of control
lines 106. The control device 104 is operable, infer alia, to select and otherwise
control the coding rates of the encoders, to select and contro] the manners by which the
interleavers are operable, such as, e.g., the interleaving depth and width, and to select
30 and control the number of N frames buffered by the buffer 102. The control device

provides, e.g., the ability to recreate later, service-specified tailored encoding and



[err] wherein the terns as defined previously.

Conpari son ofthe various transm ssion delays illustrates thaévn 035
transii ssi-OWO 9832256 de| ay associated with the structures sho | nsﬂngure 2D
is roughly the same as that shown in 2B whereas, in contrast, the
structures shown in Figure 2C has about tw ce the amount of del ay
as that of Figure 2D. Figure 3 illustrates the apparatus 50
in greater detail. Again, the apparatus is -15- shown to include an

out er channel encoder 32 coupled to receive a source-encoded 20 gnal

generated on | i nint@Ravipechepisar The sonteol ideviee 10 thereby fomes mmleaaumﬁlpetpr m

o the frane” but Randfunbds38ESe 3l T8 EouB G il B R P bl Ul °

encoder 32 and i gﬁ Fih&aetbabivg béiGell as the grodﬁm&réﬁaagfou%uﬁeﬂm@rﬁmmf
the data. Thereaft and as %ESCI’I bed previously, data bits

are encoded by thﬂerﬂemeﬁ encoder 42 and |nterI eaved by the inner

" interl eaver _25 The appar at us 50 shaown_fo,i ncl ude. a
- control devPce 104, c Eﬁﬂrﬁé ’ﬁgﬂf‘ﬂ%‘ in greater deté‘iu&g ‘?"’3 S Qh’dShA??m prggiously in
- interl eavers 36 86, aie! hooubtet fl@% ll%sﬁ%nE@%eﬁfreeﬁoﬂﬂE rlﬁ‘k 58 and the inrePeS

106. The control vice 1041 s operable, ‘inter alia, to select and

~otherwise . .  deintarleaveni62t I’i‘ée(ouﬁ'emlﬁ&lmf%& Nifrantes of theattmodulated signabformedd

| trol th by, whi.ch. 1 . .interl bl h
O e Bl g e Taon 56 (shopvninyFigure, T TRV bt B Bhedfhe o g it
. control the numbepmakd bl fhediks 1l@sfafea{eﬁﬂerk&vémmm&idéla?eﬂeﬂwszaﬂaas&oded

" devi ce - provides, e.g., the ability to recreate |later,

" servi ce-spaoi fi edyitls deooded 6@nhnﬂ1ewg1baMent the N-f@amedufferagcan be performed in the
¢ PCT/ SE98/ 00035 i T rdl bed
“interl eavi ng schdMss de‘T’Fﬁ eayshang @ sgaerptedeviss 1984 A6t nessIYY- o TG &8 s

- sel ector and ﬁ %bﬁﬁ’b%&%m@@éf&z&aﬁﬁé%e@ieer@erle@véd’é}ﬁﬂh@buiehe
- width and depth J’{e‘% he out er Inner interleaving as well as

the group siz e ofdeidnerlegvenﬂfis andhblock decudmgenf grmmrdféhe/éata bits of the frames of data
I nterl eaves.

4 il h
apparatus 80, shcmﬁ 'Etegﬁtﬁﬁgagﬁ'lthe outer 3 °%ﬁT 3& ra%gér'% S Lﬁ"ft% eskﬁ‘gnitg

posi ti oned ket we Gdg,u%e méﬂeﬁae Ege
buffer 108 lguffeﬁ*s?c‘%éﬁégir}gg 0 c?Efehd %Idaﬂlag?eegecsﬂdeﬁaﬁ form&*ﬂleQﬁ Y

denodul at or 56 ( indviR, dnd the tpffee 108 by Day af thetcontydl lmes: 16. a'ﬁhscmﬁraﬂde‘acaalpsls
buffered by the DUl gl Hos ot Go 3660 2k oS RS nD Yedolng LS bof 1S B SHE3Y Shedt?
and control the manners by which the deinterleavers are operable, and to select the
number of N frames buffered by the buffer 108.

20 Because the same number of frames of data bits are interleaved by the outer and

inner interleavers 36 and 46 and deinterleaved by the deinterleavers 62 and 72, the
frames are required to be buffered only once during generation of the communication
signal and only once during recovery of the informational content once received at the
apparatus 80. _

25 Figure 5 illustrates operation of an exemplary block coder, also shown at 32,
of which the outer channel encoder 32 might be formed. Examples of block codes are
Reed-Solomon codes and BCH (Bose, Chadhuri, Hocquenhem) codes. As illustrated
in the figure, a message.block of data bits are applied, here by way of line 128 to the
block encoder 32. The block encoder 32 generates a code block 133 on line 134, here

30 illustrated to be formed of both the message block 130 and check bits 135. The check
bits 135 are dependent upon values of the data bits of the message block 130. While



10 by the decoder 66. In one enbodinent, the N-frame buffering can be
performed in the I nner deinterleaver and a separate device 108 is
not necegRFdghzassen, as described | previously, grecepsEsootss a bits
of the franes of data bits are deinterl eaved by the outer

dei nterl eaver 72, and bl ock decodi ng of groups of the data bits of the

frames of data bits is effectuated by the outer decoder 76. The
apparatus 80 is further shown to 15 i ficl ude a control device 114,
coupled to the decoders 66 and 76, the deinterl eavers 62 and 72,

and the buffer_108 of e Con [ 14N 11 h ntral devi.ce 114
2 ot denttelF¥obh, (bl BeleRt 16 ban b Shipkbusly e R b BoaBBKIFF o1 oo
of the decodermandep gsftriyireverse to that shéWen GOFighR!S. t he manners by which the
dei nterl eavers are operable, and to select the nunber of N franes

buf fered by the buf¥igurefolustrates an exemplary convelutionpl enqader, alsashomnses2, of

frames of data_pi ' l,sayv e . Janer

i nterl eavers 3@5@@@%@@&@%@?@& Iﬂgmwl@g% grcloggl%?%{bgfng%d(fr?& '
the 5  fane@provide medupe BldcksOl3%eofditd bitetb thel encedere 16 W doadolaeiogd at i on
of the communi cation signal and only once during recovery of the

i nf or mati onal ensedesfode smrbolsgenerated by theengoder are of valueg gppandentnog only mpon

3200 % e el R Rt Bl B SRR Bl e B0 R PR
Exanpl es of b|ﬁ§§§a§él€l6§ks3#@iouslyap lied foahé em@lderon codes and BCH (Bose,
Chadhuri, Hocquenhen) codes. As illustrated in the figure, a

message bl ock of dalnathpiexemplagy ilustration of Fignee Gyeaqinbit of theimessagedlacks 1A

bl ock e der 32, Jdhe bl oc odar ener at es ~a_code bl ock 3 on line
134, her® 30 aPplieq P oo 99 50864 1o 5 B w&?‘cﬁﬁ'@%”ﬁﬁ&é‘ﬁﬁ‘é"#&éﬁe%o and
check bits 135143T?a1eeai&1:-ksn line 144. While tnot sefar@el9 sﬁem,nﬂ%g?ecuamaewss of

the data bits of the nessage block 130. Wile VO 32256
PCT/ SE98/ 00035analogously formed to be operable in a manner generally reverse to that showngn -

not separ at el yFi@Qr%"gq’ the decoder 76 can be anal ogously formed to be
operable in a * manner generally reverse to that shown in Figure 5.

Figure 6 illustrat esigafe EilasRdted dperativnfahieRemplapiblociCinterRhve? 16 itvfleadt 42,
of whi ch the inner encoder 42 may be conprised. Input line 138 is

coupl ed Yo t hedatadissief frames of datgptogether. oknjthe exampleshovmn, 8 diata bigsiresm Hfig bits

to the encoder. .ln,.a_cony ti. | e . e el ener at ed
by the encodersPA'L g't%fOW/sa?fSAé‘ga ‘A‘gg'g??&‘es naf'd ﬁg?n%eﬁﬁ‘&g%%rﬁ’gﬁge mgx'@?t“h%a% gﬁt s in
a current nessuReddth Bit ktrédh fsthRfe off Iendth of g1t BY frdihés oFlsigRallii@n val ues of

The data stream 150 is thus read-in-row-wise. The interleaved data bit stream

154 is then generated by column-wise reading out from stage 152, the data bits, as
20 shown in Figure 7.

The number of rows in the stage 152, define the interleaving depth and the
number of columns define the interleaving width of the interleaver. In this example the
interleaving width is 12 and the interleaving depth is four. By interleaving the data bits
in such manner, a fading dip exhibited upon a communication channel upon which the

25 interleaved signal is transmitted does not result in the loss of an entire frame of the
input data bits; rather, individual bits of several of the frames are lost. Recovery of the
informational content of a frame is more likely if only small portions of the
informational content of a frame are lost. Although Figure 7 illustrates an operation
of a block interleaving, other types of interleaving, such as for example convolutional

30 interleaving, could also be considered, along with the control possibilities that such an

interleaving offers.



. Stream

nmessage bl ocks previously applied to the encoder. In the

exenplary illustration of Figure 6, each bit of the nessage é@%@@&&g 10

appl i éd t oW;e8/3350der 42 is coded into two bits which form '

i nformati on stream 143 generated on line 144. While not separately

shown, the decoder 66 can be anal ogously fornmed to be operable in

a manner generally reverse to that shown in Fi gure 6.

Figure 7 illustrates operation of an exenpld#y bl ock interleaver to

. Interleave 15 data bits of franmes of data together. In the exanple
shown, a data bit st rhite AdtGepaately shown, interfeaving iofigmups nfdaté bifs) tsaclbas groups

streans and arranged in a matrix-|ike nmanner in stage 152, The

- data bit stream Pfge‘% ﬁ@ta&pts,epapémlaﬁlygip ] pmongst syecessiye framas of dgtabuts.

. The data stream | <& ] ' [

A A A L
© 152, the data bi generally réerse to thérimterleaverfcpgration Hllustrated in the figure.  The hunber
-~ of rows in the stage 152, define the interleavin

d d ]
nunber of cdl ums def _ﬁ%’ec “ﬁtﬂfeéﬁl%hﬂ%n_ ORMACHEIZHY gﬁgbr g?%ﬂ %‘Ehg‘_?ﬁé’?‘.eml‘?fﬂ?%i S
exanpl e the resent %rgfoh.e Fhe Mﬂg Bpérﬁblé%? %ﬂ‘g‘)&% Eﬁd id@éxféallég‘é?lgg}uﬂgcﬁgifhp' S

four. By interl BV ng ata manner,

exhi bited upon asignslio becruniimitted by swmmynicatiohistatioh lnpo? 5 communitation elmnael.
~signal is transmtted does not result in the loss of an entire frame of the
i nput data bit s; Thecemmunication,signahis formed fisusesstivefranges efifata bilsps are | ost.
Recovery of the ot 1T OF ' f @de ' i f
conly small portions oflrfgﬁﬂeag iRdicdtbd By%?@?%?%n%lle%%%%en ' g?agﬂlﬁ‘;agén%&g%d

lost. Altheggh Fhgdssa sélettel utitberiof thedticoessbvediain®s of the data bits of the cbineminication
i nterl eaving, other types of interleaving, such as for exanple
. convol uti onal 30$gnﬂ-interleaying, could al so:be considered, along with the

Sgontrol possibilities yiat 4Gl ifflcated by the HRACTIEH! Rkt VeloBlel-data bits YR

PCT/ SE98/ 00035 interleaved across the selected number of the successive frames of the data bits/ef the
Whi |l e not separately shown, interleaving of groups of data bits, such as
groups ofcomymication sigpalt s, can sinilarl y be interl eaved anongst

| ; gl ar |
Those per f 8P mad by 1 na Ui BF paseted by thg HEGR' 26 PR S BRET fikd (S S Rt

reverse to the i jfgid efecld mipbenbf 1he siddesiive fdnted ofthe duta bitpare @ncoded.
Figure 8 illustrates a nethod, shown generally at 17Q, of an, enbodi nent 8f

the present i rvshas gndicatedcbynthe bingkild8 oadeashseleated date bitbarg ipterleave

interleave a co MRNsS e’ salicted number of the successive frames of the data bits.

By encoding and interleaving the communication signal in such a manner, the
20 possibility that the informational content of the communication signal can be recovered
even if transmitted upon a communication channel which exhibits significant levels of
fading is more likely to be possible.
A method of an embodiment of the present invention is analogously operable
to decode and deinterleave a multi-stage, encoded and interleaved signal. The steps of
25 such a method are generally the reverse of those method steps illustrated in Figure 8.
The need to ensure that the informational content of a communication signal
transmitted upon a communication channel can be recovered with little or no error is
particularly important when the informational content comprises data to be transmitted
to a receiving station.
30 Operation of an embodiment of the present invention in a wireless

communication system permits improved radio link performance without an undue



signal to be transmtted by a communication station upon a comunication

channel . The comruni cation signal is fornmed of successive frames of
dat a bi ?3 2256 First, as indicated by the bl oudg/sEss0003% Ie_eist
sel ecte 83?’2128”5 are encoded 10 across a sel ected nunber of the
successive frames of the data bits of the conmunication si gnal .

Then, and as indicated by the block 174, at |east selected data bits are
i nterl eaved across the sel ected nunber oflsg he successive frames of the data
bits of the comuni cation signal’.” 15 . = Then, and as

of 1 he. sel act EESHRIBARe EAsiSOR IS SURTUSH I I PrOWiSe SR Sher eocobipe

encoded. d interleaving, A@‘ﬂ‘lﬂ; m@ﬁgﬁﬁ@ieﬁ@&&ﬁk 4 ihRelififlanbbDerfBfmd LAt

sel ected dataa?)lts are Tnterl eave across the sel ected nunber of
t he successi vaingleiogical devicethe elirerinterieaying and encoding operations Biay dr performedand

inter] [ th i cat. ' I S % , th 0 .
0SSl bi |1 1y 1 H8 TE48 B4 SRTRN A ROTEt A oLk Sepal (iR SnBHeadn Amghl * can

be recovered terminal ArkEBud air&ﬁﬁfl?dfma%éamf%%m%hﬁm&av&%m@

whi ch exhi bits signi levels o _ ading i's nore [ikely to be'
possi bl e. informational content Af thee downlinkf signal tradsomiitedetheretd. Ahdy cinceitry of the

i nvention is anal.ogousl erabl e . _tp decode and .dei nferl eave a
il - stage, SMDIEdeIAR AR PR e geusration of mHE- Sees Encgdedand itereavad o
met hod are ge@lﬁhﬁkk‘&t}iﬁﬁnﬂsﬁ¥ﬁic§§b9§§s¥dﬁﬁﬁ.e met hod steps illustrated in

e nee

Fi gure 8. to ensure that the informational
content of a commuiihegirevioussdesnnptions are of prefeireth exdanplesdforgowplementing the
conmmuni cation _channel can be recoyered with lLiftle or n rror, i .

bar 1 cullar ]y IRSORDRrASAHE ACoRFoh e dnraomsHheld: Bt psseidn e Bitedch tis o e
transmtted gescription. THe &op€6Pihé!piéestinbéntibn is difined by the following Elafisat | On of
an enbodi nent 0? lpﬂe present invention in a wreless _ .
comuni cation system permts i nproved radi o link performance w thout an
undue WD 98/ 32256 :
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increase in the transm ssion delay otherwi se required to provide

mul ti-stage encodi ng and interleaving. As the nulti-stage encodi ng
and interleaving can be perforned at "a single | ogical device, the
entire interleaving and encodi ng operati ons may be perforned at a

radi o base station which forns a downlink signal to be transmtted to a
nmobi | e



-5 term nal . Anal ogous CII‘CUi[I’y formed at a nobile termnal permts

. recovery of the legfONt ent of the downlin
. transnitt edVORYPEEE 4 " m,m, mg Ct he nobi | e te?ﬁ?/ﬁ | AR
' cMulct i s

pernmts the generation ‘0 ncoded and interleaved

. signals for transmssion to a base station. The previous

" descriptions are of preferred exanples for inpl ement'ﬁh n Replaced -

. invention, and the scope of the invention sti8ul d not W mli limted
" by this description. The scope of the present defi ned
. by the foll owi ngWHAT A8 CLAIMED IS: VHAT |s CLAIMED | S

1. - In a comunication s tlonoerableto

. communi cation signal Gpon ?&Pﬁl gﬂn@n &%M"P%W%%tgg sn@al

- the communi cati ogpgy zﬂéb?ﬁmﬁxﬁém chiinre] RV Efentthe daVice, Hiel comnithi¢a8i8h QisaAERBFmeal
. apparatus for encoding and interleaving the data bits prior to transm ssion

. thereof upon t heoffoamesmof dataibss, anhmprmfcmestapfcﬁpappmszfomcom and interleaving the
a single transmt buffer fo recei vi he franmes of ata .bit sai.d
Cranomi ¢ bulfer. B bl g oS traismiSon s Bon t Famhnirhton, fiabe i pnal

10 ‘compri g‘;%outer encoder coupl ed to receive the sel ect nunber

~of the franes of the data bits, said outer encoder for encoding at
- |l east select ones of the danauterescoder coupledtorbesprovided swithabe framed of thefdatae

- f f the d bi .t,s t I f
i ntor 1 eavi ng. t nobih e Ruter eppoder forsngofing ot loas: seEHled Uai vis BiyBia ST bleh o,

~of the frames of ,fi}ABerdi#iRe fhthes SFtAY HalGBitYY the single transmt 15
buffer; an i nner encoder for encoding the at |east

select data0bits of each an outer inferlgawer eupted ¢o beprovidedwith rames of the datachitss
- of the data bits; an

; \ f
i nt er | eavi ng .t he °8¢€ F’&’QQF‘* by said outer encpders said. Sﬁ@t ieiieaver £ ngarl%lﬁ’g‘&o{t AeASher

of the frames of s48GedIaitd bits héroi thY b&@&e@ﬁurﬁ@dr%fﬂiélﬁirﬁ‘estdf%dﬂti bigd)
- buffer; whereby said single transmt buffér reduces

_the transnission del ay of anmnerm@m&wﬁ@@mometQMeﬂpﬁﬂleshtmblts

_communi cati on channel sa te devi,ce.
apparatus of cl a°ffa "V}Hi‘?"é{ﬁ g¥ St quiterJntedleavsh Sridonpey racodsr fan gncggmg ath?St
the at |eags sel gGLctdlifaBith SF each frame of the selected number of the frames of the data bits;

and

an inner interleaver coupled to be provided with frames of the data bits
once encoded by said inner encoder, said inner interleaver for interleaving at least

selected data bits across the selected number of the frames of the data bits.

20
2.  The apparatus of claim 1 wherein said outer encoder encodes groups
of the at least selected data bits. |
3. The apparatus of claim 2 wherein said outer encoder comprises a block
25 encoder.
4, The apparatus of claim 1 wherein said outer interleaver interleaves
groups of the at least selected data bits.
30 5. The apparatus of claim 1 wherein said inner encoder encodes individual

ones of the at least selected data bits.

THIS SHEET HAS BEEN
REPLACED |




3. The apparatus of claim2 wh Ln said outer encoder conprises a
bl ock encoder. The apparatus of claim 1l wherein

sai d outgwip JgRbaE! ea {s shead 1Rk Besa ke, aced PCUSIISPB03st t he at
| east sel ect data b 5. The apparatus of claim1
wherein said inner m\‘““n““mﬁ“ I ndi vi dual ones of the at | east
sel ect data bits. 6. The apparatus of claim5b
wherein said inner encoder conprises a convol uti onal encoder.

7. The apparatus of claim 1l wherein szg'od i nner interleaver interleaves

i ndi vi dual ones of the ﬁ'ﬁlﬁl east . sel The

: . 8.
apparatus of clainmfl fu eﬁppergﬂﬁr?fe‘?lﬁla’ g \@]&Wtﬁgsaf,da{ngersgxpcggfropompnses a
coupl ed to saignmititRmalinceder . said coding rate selector for selecting a
coding rate at which said outer encoder is operable.
9. The apparatus of claim1 further conprising a coding rate selector 10

coupl ed to said inger- eggoder odi rate sel.ector for selecting a
coding rate at 2 %F&?P?Qf ‘ii g%ﬁ"(ﬁﬁ"é’? squd ipfisx Antgfleaver mtetleaves

10. ~ The appﬁr@m&teﬁescdf@héraﬂeatsuﬁdtéwédmw sing a frame number selector
coupled to said transmt buffer, said frane nunber selector for selecting

the select 15 nunber of the frames stored by said transmt buffer.
1. The appar at U3, of %%Iarf)]p%ram of clzplmt p%n%?emmpﬁgi}tlg 2o En%[ ra?e selector
coupled to said outer encoder, said coding rate selector for selecting a coding rate at
which said outer encoder is operable. '
10
9. The apparatus of claim 1 further comprising a coding rate selector
coupled to said inner encoder, said codmg rate selector for selecting a coding rate at

which said inner encoder is operable

15 10.  The apparatus ot‘ claim 1 further comprising a transmit buffer coupled
to be provided with the frames of the data bits, said transmit buffer for buffering the
selected number of the successive frames of the data bits and wherein said outer
encoder is coupled to receive the selected number of the frames buffered by said
transmit buffer.

20

11.  The apparatus of claim 10 further comprising a frame number selector
coupled to said transmit buffer, said frame number selector for selecting the selected

number of frames stored by said transmit buffer.

25 12.  The apparatus of claim 1 wherein the communication station comprises
a radio base station of a cellular communication system, the communication signal
comprises 2 downlink signal, the communication channel comprises a downlink
channel, the remote device comprises a mobile terminal operable in the cellular
communication system and wherein said outer encoder, said outer interleaver, said

30 imw inner interleaver are formed at the radio base station.
\

A

¢ " Tt REPLACED




conprises a radio base station of a cellular commnication system the
conmuni cati on Ssi naI eoﬂpm signal, the comrunl cat i g}&wﬁgannel

20 con’ﬂ(‘?%’é’éz ¥ do “[:e renote device conpr¥ ile
~term nal oper “‘“ ‘ m | ar com*runi’gb?_at i on system and wherein
L

said transmt buffer 8 otiter encoder, said outer interleaver,

sai d inner encoder and sal d I nner interl eaver are fornmed at the
radi o base stati on. 12. -Zhe apparatus of claim1l
wherein the radio base station is.further operable to receive an

uplink signal upon anl3upl iTie appanates of clains 12 twieseihth¢ radio base stationnis funfther

t i nal , d t further f di I t h k
Si gnal ohoe. r ec AFFEE tﬁivce&%anﬁnhgmﬁégm {Pa? huPLo e Fredrs br dpauolie |
data bits, PREUShef RiFRLAitYY leaving the upl al
single receive bu erad?ﬂaﬁ ecel Vi nS the uplimn and?’&mteﬁeavmgl e}l%lcnécls\l/gg oncd
buffer bufferi ngeaelsexl theteat) (thdeplinkfsigniakbalse formed of ﬁ'aims dfidata bits, saikiapparatnst he
upl i nk nal ; an inner deinterleaver for
dei nt er | eavi ng a"E° DISYR: sel ect ones of the ~ data bits across the
et YRl o e BB GAleh (Sl BRI b be oyl Bih e LS bt i bt of
an i nner decoderwhich theaplitiknsignat lslfeﬂmad sihde umef demtedea\m;' fortdeinérieavinp adieast

t he sel ect nunber of th f th f which th pl i nk I
i s f?)r ned: ! selected datg blitg gcrrrgsss aoselecteﬁ num tja%tfg%;gnqgé;fgheeéqtghg%qfl‘ \9@98{ gena_
dei nterl eavi ng t ect data bi ts across the sel ect
nunber of the fr mﬁtsgnﬁaﬁ?org\%{ia bits of which the uplink signal is

fornmed proM ded by t hanifherdeevdeccmipled tbllb‘éfpedmdaiwlth the frames of data bits of which an
out er decoder coupled tq r cel ve he s l.ect nugger of franes of 5 . . data
bits of which thibewphnksg iptepaved byispiddnnes deiterisgver osaid Hnerer

dei nterl eaver, S@éc@d&%?&eﬁ?) da‘i?iea tosrele ﬁ;ﬁ%{ar}gtr sld?@adl étﬁ%‘%&?‘a&%ﬁ‘z%‘f

bits across the er o anes
whi ch the upli nkfranmthedatﬁtbttsmﬂwhlchtheuplmk signal ls-fonh’éd The appar at us of
claim 12 wherein said receive byffer, |d i.nner

. nt erl e S | d
i nner decoder, said ot e¥terdeinfedeaver caup! edaﬁ?dve@o{mﬁ%m é’B‘B of data bits o
formed at H1e r a@hﬁht{ﬂé ﬁpﬁh{a&lw is formed, once decoded by said inner decoder, said outer

deinterleaver for deinterleaving at least selected data bits across the selected number

of the frames of the data bits of which the uplink signal is formed; and

an outer decoder coupled to receive the frames of data bits of which the uplink
signal is formed once deinterleaved by said outer deinterleaver, said outer decoder for
20 decoding at least selected data bits across the selected number of the frames of the data |
bits of which the uplink signal is formed.

14.  The apparatus of claim 13 wherein said inner deinterleaver, said inner
decoder, said outer deinterleaver, and said outer decoder are formed at the radio base

25 station.

15.  The apparatus of claim 14 further comprising a receive buffer coupled
to receive the uplink signal, said receive buffer for buffering the selected number of the
frames of the data bits forming the uplink signal, and wherein said inner deinterleaver

30 is coupled to receive the selected number of the frames buffered by said receive buffer.
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14. The apparatus of claim 12 further conprising a franme nunber
sel ector coupled to said receive buffer, said frame nunber selector for

sel ectl NOwb'88/32236 sel ect nunber of the franes stored bypeRsghsiowsi ve

buffe 15. The apparatus of claim 12 wherein said
i nner deinterleaver dei nterl eaves individual ones of the at | east
select data bits of the sel ect number of the frames of the data

bits of which the uplink signal is forned,,20 16. The
apparatus of claim 12 wherein said inner agcoder decodes '

I ndi vi dual ones of e at. | east -select t : 17.
The apparatus of cl igm gh f&%&"qﬁﬁﬁheﬂégmgf’%ﬁﬁﬁﬂmeé‘é@bﬁr sglector
convol uti onal S?i.gﬂééft said recelve buffer, said frame ml(%ber selebfor BRleafinSthe humbér f 12 -

wherein said o dei nterl eaver dei nterl eaves groups of the at

| east sel ect dframedpstored by said receive buffer. 19. The apparatus of claim12-
wherein said outer decoder decodes groups of the at |east select

data bits. . 20. The apparatus-of claim 18 wherein said

outer decgder conMpriy$es Fhe apparatus of elalt ¥3 HRGEIAS4id inndtdeinterleaver deinterleaves 21
The apparatus of claim 12 further conprising a decoding rate

sel ect or coupl idividuakomesiofithe at least seleksed daga bitis ofthe fiamgs ofithe datal bits 6 whichr
selecting a fink .deac] %n%e&ate at whi ch said .inner decoder is

oper abl e. the uplink signal is 1o The apparatus of claim 12 furt her
conprising a decodi-ng rate

" 18.  The apparatus of claim 13 wherein said inner decoder decodes individual
10 ones of the at least selected data bits. o

19.  The apparatus of claim 17 wherein said inner decoder compnses a

convolutional decoder.

15 ' 20.  The apparatus of claim 13 wherein said outer deinterleaver deinterleaves

groups of the at least selected data bits.

21.  The apparatus of claim 13 wherein said outer decoder decodes groups
of the at least selected data bits.
20
22.  The apparatus of claim 20 wherein said outer decoder comprises a block

decoder.

23.  The apparatus of claim 13 further comprising a decoding rate selector
25 coupled to said inner decoder, said decoding rate selector for selecting a decoding rate

at which said inner decoder is operable.

24.  The apparatus of claim 13 further comprising a decoding rate selector
coupled to said outer decoder, said decoding rate selector for selecting a decoding rate

30 at which said outer decoder is operable.
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sel ector coupled to said outer decoder, said decoding rate selector for

sel ecting a _deeedmg‘Mi ch said outer decode*#,&g&gggbl e.

t an

5 ‘WO 9832253 | n BacER aéedt i on station operable

upl i nk signal ! I channel to a rempte—device, an

| nprovenent of appar at \\m\“ \encodi ng and int ' t I nk

signal prior to transm upon the Gmlﬂmimﬂﬁggm‘ nk
ing: *

signal forned of franmes of data bits, said -@pparatus
a single transmt buffer for receiving the frames of the data bits, said
transmt buffer buffe25.ng hsmmminicatiohstatioh opérableta tmassmit an hplinkesignabupaon

an outer encoder for, encodi at | east .sel ect ones of .the data bits,.
across the sel ect? ‘FH!WE@&“B‘FP efn‘%@%v% aq faprgxementof apparatus for encoding and
an outer interle : | ' Rt S
15 t he sel ec?&ﬁg%‘gm%m’lﬁﬁée $ raﬁ!g%lltgﬁr at?xﬁgisgg;ﬁ ghegi&%f?s%? g\fléit%élgk’b@eta Iggcs

single transmit signal formedwf frames of data bits, said apparatus comprisiagr i nner encoder
for encoding the at |east selegct da bits of, eac frame of ,the
sel ect nunb®r of the F'F%WE‘?“S‘?&F ﬁ%ppi"gttﬁlbﬁﬂ"é’fdegr‘lﬂ&the frames of data bits, said Gister
an inner interle f Lo ' i 96EREEd atnBerUifithe B5HESS
20 t he sel ec?ﬁeﬁﬂer{bfg{edg&ﬁgq r%%g{ég?aﬁ%{s at%assb?ths prO\a;llhded byet e

single transmt ofthe dataBitsf f er; . wher eby said single
transmt buffer reduces the transm ssilgg del a

of . . sai d.upl]ink
signal upon said upli AkowsGinteEieayes coup F‘é"ﬁ)?%"ﬂ'@@ with the frmes °fddatﬂ"ts: oncey4
The appar atus of | :{]ﬂ}??ﬁ‘wﬁ | e ool AR
conprises a nobi F{e\dog erm na O%ﬁngg(?éé‘, slag@gﬁigg u1eg‘?u?g(§)lt mlﬁr{uelrrlllg%g?% %tnle%s%?leecrtned
t he 10 rendita biteucross the seledted surmberaditiee fharmes ofith¢ data bizger abl e in the

. cellular comunication . : syst and wherei.n said transnmt buffer,

. said outer encoder, s&i‘é!"l?ﬁ?ﬁ‘?"df’h?@fﬂ?%laﬂf’eﬁ"’; provided with the; frames r&a&\@bﬂéﬂ“‘%nd
: said inner interl ' ]

55 ' Me’ appar apieafed Rl OB nhckisr, GRY G chEddh B3 encoling ot Jeast sclected
further operabl e ditq bitecfdavteframelofthe seldctedingmber ofithesuccessive ifianies ofithendata bits;
transmtted by the renote device, said apparatus further for
decodi ng and dei ﬂtl@rl eaving the downl i nk signal once received

. thereat, tzf downl i nk .5 Q0AheAbRr dApIZE % 64 p&ﬁﬁ%@iﬂhe’\ﬁﬂifk sigﬂﬁtd?lcpbx%c%Wd

. said apparatus conpri sing: a single Fecelve buffer

- coupl ed to recei b§ siill énrdpemdoder said gt interieader for interleaving atleast séleétéd data bits

buffering a sel ect nunber of the franes of the data hits, form ng the
~ downl i nk si gnal ; across the selected number of the successive frames of the data YifSeNDED SHEET

26.  The apparatus of claim 25 wherein the communication station comprises

20 a mobile terminal operable in a cellular communication system, the remote device
comprises a radio base station operable in the cellular communication system and

wherein said outer encoder, said outer interleaver, said inner encoder and said inner

interleaver are formed at the mobile terminal.

25 27.  The apparatus of claim 25 wherein the communication station is further
operable to receive a downlink signal upon a downlink channel transmitted by the
remote device, said apparatus further for decoding and deinterleaving the downlink
signal once received thereat, the downlink signal also formed of frames of data bits,
said apparatus comprising:

30 an inner deinterleaver coupled to receive the frames of data bits forming the

downlink signal, said inner deinterleaver for deinterleaving at least selected data bits
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an inner deinterleaver for deinterteavingat—teast sel ect ones of the

data bits across the select n s of the data bits of Wni_ch'
t he wo 98}$248¢ | nk si gnal |4| @llr”ﬂ I ﬁ &E!rby sai d si PgiTYSES®A0DES/ €

buffer; er for decoding the at |east
sel ect data bits of each of 5 t he sel ect nunber of the franes of the
data bits of which the downlink signal is f or med;

an outer deinterleaver for deinterleavi ngZ{_he at | east select data bits
across the select nunber of the frames of the data bits of which the
downl i nk sign | S, | ' ' | ye. hisf.fer;
and 10 " Borossaselected b SFife a6l Ui B e LA e JNEInK iRty

sel ect data ‘bifofméd;r oss t he sel ect nunber of the franes of the data
bits of which the downlink signal is, forned. _ . 26.. A

met hod for encodi ngttaiges Aecoder sovnled 1o sensivanthe ffamas of data bits Jorming the pe

transmtted by 104 calt OF | - ' s he 15
communi cat 1 on PEAFTRL. S8t AuBABePy HAPAnd GRRENONGS iR e QAR fol 11
conpri si 5g t hedesbdifatddast selected data bits of each of the selectad himbersf the frahessdf theinber

of the successive frames of the data bits of t he conmuni cati on
si gnal ; data bits of which the downlinle ignahis faxmedsast sel ect ones of the data

bi s 20 oS the bULLELGH Bmercn3FLeblod W IRGivethe biReP HFERT DY Bkl 2 O

the data bits of the conmunication _

i nterl eaving adovilinkisighal Wnte décddeé by saidCinnéloderodér! Said GufE deinbétleavérfor ed
sel ect nunber of the successive franmes of the data bits of the o
comuni cat i on dginjerlgaying at least selected data bits across the selectedgumbes ofthe sugesssive| ect’

data bits, of each fr f,th ffar .o . .Select nunber of the
successi@e fr oSS %%a?ﬁg‘%sa&b‘wgh %‘F%?’ﬂ@h%ﬁﬁ%fsc@fq‘%% ag#gnal; 25 and
interleaving the atard gagt deeddestcolpled tbirkceiC theSFarhésoddith Wit Fofifiing the
nunber of the successive franes of the data bits of the-comrunication

signal.  downlink signal oncgpleinterlepved i saidcputer deinterieare, sqid putiendeceder for
communi catl of FLGRRk aiehsrHlected abth BAPAEHsk B sHBAHY hilfinds HFH AL SIS BART !
to a renote device an erern sal met No urther conprises the

steps, once t hsitsadrvhidh thedownlink dgmal isifsrmiedcei ved at the renote
devi ce, of: buffering the sel ect nunber of the
successiMe frames of the data bits of the communication signal; 35

deinterleaving at |gast QuomMdSy BF edddfing Gh& el d ol 3iSn 5iBfal to be

transmitted by a communication station upon a communication channel, the -

communication signal formed of successive frames of data bits, said method comprising
the steps of:
20 encoding at least selected data bits across a selected number of the successive
frames of the data bits of the communication signal;
interleaving at least groups of selected data bits across the selected number of
the successive frames of the data bits of the communication signal;
encoding at least selected data bits of each frame of the selected number of the
25 successive frames of the data bits; and '
interleaving at least selected data bits across the selected number of the

successive frames of the data bits.

29.  The method of claim 28 wherein the communication signal is transmitted

30 upon the communication channel to a remote device and wherein said method further
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buffered sel ect nunber of the successive frames of the data bits;

decoding the at | east select data bi ' buf f er, k6605

nunbei of WIBHARWessi ve frames of t&Eﬂ%mﬁm‘“mnﬂm PRriBHGss
deinterl eaving the at | east select dak s acress*the buffered sel ect
nunber of the successive franes of the data bits; and

decoding the at | east selected data bits across the buffered sel ect .

nunmber of the successive frames of the data2bits. 5

comprises the steps, once the communication signal is received at the remote device,
of: _

deinterleaving at least groups of selected data bits across the selected number
of the successive frames of the data bits;

5 decoding at least selected data bits of each of the selected number of the

successive frames of the data bits; | |

deinterleaving the at least selected data bits across the selected number of the
successive frames of the data bits; and

decoding the at least selected data bi.ts across the selected number of the

10 successive frames of the data bits.
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