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The presawd o2/of4603t i on rel ates to mm m @‘mconnun|cat|@ﬁ§u3mmummore
particularly to channel coding foﬂ m nmet ers based on convol utiona

codes. BACKGROUND OF THE I NVENTI ON I n gqkdern cellular system sone
nodul ati on schenes 10 are used to transnlt several bits at atine, i.e. as
a single synbol, as in for exanple the 8-PSK nodul ation anticipated to be
used in the forthconln EDGE, i.e. Enhanced Data rates for the d obal

Syst em f oMBEHID &Hﬁ)rﬁKﬁT}él‘ét PR AL TEYG| GONYALUTHENALENFOBERHBITS

nmodul ation 15 schenes typhea) | | gdi t§ror probabilities
fox the different bits o? a Sﬁgh%&%F??Fggansﬁﬁﬁﬁgﬁﬁégie of the 8-PSK

nodul ati on designed for EDGE, there are three bits transmtted in every

synbol (see ETSI (European Tel ecomruni cations Standards Insﬂ”lMWﬂM!mmmm
specification GSM 20 05.04, section 3.2, explaining that no

are Gray mapped in groups of Fhemeok au8PIKESYIONOl S) and the bitwespor rate
(BER) for one of the bits is approximately double conpared to the BER for

each of the othge LwaskikS mkr@n%%hr gellat@@Mrdantlyamses the so-call ed
GWBK (Gaussian 25 m nimum shift keying) nodul ati on schene where only one

bit is trBhASAFPNBYNHERTtIPRIS0 288d TREFc @3 PERFVDF tEadhama EHIYs i s
the sane. ¢Ap Qgéb%g%&%%t%%d%rase@e%‘?ld%ro)nvfcﬁrul?io?l/ﬁ esBddgnsmitting

several bhits r sy must take into account the uneven BER in multi-bit
per 30 synbol nodul ati on schenmes because in forward error correction

codi ng, involving convol utionghcgReeH B TukNBrvekr{NFI RVATI ON COPY WO
02/ 0y( 03

In a modern cellular system, some modulation schemes

10 are used to transmit several bits at a time, i.e. as a
single symbol, as in for example the 8-PSK modulation
anticipated to be used in the forthcoming EDGE, i.e.
Enhanced Data rates for the Global System for Mobile
Communications (GSM) Evolution. The use of such modulation

15 schemes typically results in different error probabilities
for the different bits of a symbol. For example, in case of
the 8-PSK modulation designed for EDGE, there are three bits
transmitted in every symbol (see ETSI (European
Telecommunications Standards Institute) specification GSM

20 05.04, section 3.2, explaining that modulating bits are Gray
mapped in groups of three to 8PSK symbols) and the bit error
rate (BER) for one of the bits is approximately double
compared to the BER for each of the other two bits. In
contrast, GSM currently uses the so-called GMSK (Gaussian

25 minimum shift keying) modulation scheme where only one bit
is transmitted per symbol and hence the BER for each
received bits is the same. An optimum codec (coder/
decoder) for a system transmitting several bits per symbol
must take into account the uneven BER in multi-bit per

30 symbol modulation schemesg because in forward erroxr
correction coding, involving convolutional encoding, the
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PCT/ 1 B02/ 000( 18 bits of the convol utional encoded bit stream do not have
even error resilience, i.e. errors in sone bits are nore critical than
errors o¥suPYHEP3Ii n ot her bits. Special attention should BETABRWKSHEE on
designing a 5 proper interleaver for the codec of such a system There are
mainly two kinds of interleaver design: a bit interleaver design and a
synbol interleaver design. A synbol interleaver interleaves synbols,
keeping the bits belonging to each synbol together, while a bit interleaver

10 Lnter| BaUes AN LDt bbbl L SBAUINER RN bIRCLthidarh 3] Siod hafesy O

interleaving désign isS us &ncod its wou ave to ocessed
accordlngeVenseneoaIgesnimancbefare therDMSenheawme iiter dere torenhance t he

error protec i on. performnce by controlli.ng a I ation of the 15 bits
into syanFs 1Eﬁl ﬁﬁagtﬁgFoﬁgn cchré% glﬁ%@% e%V|%b design is used, a

simlar or the_sane m_wou ai n but i f. waul d act on the
“bits after theSPﬁFé??eggé?n Fﬁnpﬁthagr%e ?angg &ﬁﬁﬁQHﬂ%%fl encoded
andspossi pryppunthueellebivbrs €éguente cadect cfeguehca \Wyartensoneghzdeof the

bits, called the unctur its, have een renpve is i,nterl eaved before
nmodul at i oft*€a¥@sh KntWﬁ EFBg PEafgtsT ?ﬁgang%FP§%V|ﬁbhﬁﬁératlon is vital

analn con\é@hubwaa{re@oaléslgf&eaﬁaed lga?@usent@&gem@&s cm’%c_ﬂe.SI genedl to cop;a
well with rapdomerrors and their perfor e .decreases drama y 25
the error8 ng&PEFyiﬁaﬁﬁrlFnFﬁF@PP€§§|ﬁé“& 1fat kGERHI éh ﬁ?éﬁblng
ensures thatogghagcubi ¥achi ESmdoa Roget@Rl i Whilllke SR riatierlMavadr and

al so that neighboring bits in the convol uti onal _encoded sequence are

na%PnaIIy1§EE§F§F¥lSwﬁPhFﬁtﬂﬁ€ bdits EeHREHCE PPaQﬁE?Eﬁ?nPﬁ% SETES
speci fication 30 GSM 05. 03].. Thus, |nterleaV|ng tends to ensure that errors
occurring in a ?rén§%ﬂ?§}oﬁn€ﬁ§ﬁﬁﬂv¥ﬂﬂl S5 I 3 MRckd e %F

possi bl e pyer @aghaenbiterencededsreeeh bamRding tIRHY @ell_:pfnthm,

before the interleaver in order to enhance the error

protection performance by controlling the allocation of the
15 bits into symbols. On the other hand, if a bit interleaving

design is used, a similar or the same algorithm would again

be used, but it would act on the bits after the interleaver.

In prior art systems, a convolutional encoded and
possibly punctured bit sequence (a bit segquence where some
20 of the bits, called the punctured bits, have been removed)
is interleaved before modulation, as shown in Figs. 1 and 2.
The interleaving operation is vital when convolutional codes
are used, because such codes are designed to cope well with
random errors and their performance decreases dramatically

25 if the errors are bursty (and 1f interleaving is not used) .

Interleaving ensures that consecutive bits are not sent
in the same radio burst and also that neighboring bits in
the convolutional encoded sequence are maximally separated
within the burst before transmission [see ETSI gpecification

30 GSM 05.03]. Thus, interleaving tends to ensure that errors
occurring in a transmission channel will be distributed as

evenly as possible over each entire encoded speech frame,

-2 -



PCT/ 1 B02/U11008 i.e. the errors wll appear to be randomy distributed, not
bursty. Interleaving is a very common and powerful way to inprove error
prot ect i ovoppofien3rance because nost codes are designed toPO@/IBetees agai nst
random'y distributed errors, 5 not bursty errors. According to the prior
art, however, the same kind of interleaving is typically used regardl ess of
t he nndulation schene. But when using nodul ati on schenes where the error
probability for each bit mﬁthin a synbol is not even, the 10 interl eaving
pr ocedur e, shou be_ad io t ake |@to accoggt Hhe un ven %ﬁ errqQr rate.
One situatf8n grngﬁe nﬂé& t BPPERE Rt B°atd HF'VhQ 4 &Yor rate
i's rel evaphrgsyin ansysleawﬁgngs8aPSIér@m@u>h\mbnoan(ﬂOIpoaﬁe3rfrmJ tayt exel

nodul ati on schene%. 15 Wen u3|ng a n%dulatlon schene transmtfing N bits
per synbotTPEBYFoREFHTt RECKEBTELO8y RESIEO TGS Sh L ECHNSE MO qqd%rﬁt bi t
sequence §8E9gReADELI BRI 88bute Hgasast! handeil ywalils thki®ut M Rirrors,

serial-to-parallel conversion is used. As illustrated in Figs. 1 and 2, a

nodal e 13"pEr PBEREHGSERETR- 20 bit serial -to- paral | el conversion |s | ocat ed
before the interleaver if a synbol interleaver 14 is used (Fig. and
after the intePFEQVELNgftY BP? PRLET 8&fer NOWeVELys &Y Ifia(j“e iSlndTrﬂéF prior
art SO'UtiﬁBeE@SéelhBe1§06¥§E§h9myl%s@@f&% 1akieloft RDidoduttrigaver is
described in ETSI 25 specification GSM 05.03 (which sets out in sections
3.11 t hrofghene13, Buhawhen esdnagmpgilptiondgchesesnidiese jthe eE-”rﬁ%ced
Qroult SWkbebed1PRYacoRNeERRELYEr ghiomiol SHSGRRHiGh nanee & 1 aif

Swit ched ta) 1n that ECSD I's HSCSD K nodul at1 on changed to 8PSK
mob@l at i ohiteBhervgnIsSPrpPragdurat ebouﬂel @@eraaltaip@@dofwa teddcoringria syst em

where a s n I i S rjal-to-parallel conversion is
| ocat ed a%?gghPEeEﬁ%tg?%ﬁ%?e?l%aggfgggféﬁea) -3 Vl O W/11S4CU3

PCTI 1 BU2/ U | U%n s&@‘éa‘é%%ﬁ%ﬁe&:le' B "i’lte 1, Fely (eSbl o ia(yc%&ﬁ@ fpnct ur ed

convol uti onal %e IS use 8- PSK nD ation No speci a
actions aneevenehltoeeeﬁrreat?hesakﬁd@manﬂ1MﬁJebﬁvﬁﬂﬁhamuﬂs@m&dﬂéﬁﬂénd

punctur edp, g%iﬁ't%?l R Ehgﬁ‘? P\\Agtiyﬁf%%i m%l%gl’l%tx{ légb}%%%y”bo' s are fed

into the s inter eave ich can be ba on a di agonal bit

I njgrleaver (aﬁh%‘fxt u%% %u%??_%' S%Mm | n?%h soffod fri %t&c}ié‘tﬁ%ﬁ cave

synbol s i nstea si ng eaver use
system thgmppﬂor0b®1ausldoehegUabaMI@@mhﬁh&nﬂusunhaﬂGﬂﬂﬂtﬁpquedrﬁr®vnbo

| evel | bubppob,at JLASCBLL | 1. e seethd LAMEY 0 JISE o1
consecut i V8 blﬁ om-a punc ur|ng o Mre tratShitded Th THe S5
synbol . Skobwa Nybuenele@adi -to- @amlliwlstqorezrerxmrf ars demziah Nnhsst at es of

t he convolﬂlonalteglde(tal gnd he ce. decrea%ﬁﬁ_tq% err rot ect, o

perfornance 8P ERESEo Saéh a pro Ienldoes ot i \ﬂ#%ln |?%Fg$5|t

i nger| eaveit ﬁb&lmﬂ|monparaﬂﬂeﬁabbnwaﬁeﬂduaunlhmcanddrhdﬁmms tloe t he fact

that it doe L cantra the | Locati on of th encoded en
gener at or %F%ﬁgﬁng Vygﬁlpdsﬁﬁég$§ﬁf i a Sy nbgf hif é¥ent
bit posi taﬁmemtlhtei rinﬁ:leelewv‘edi ilfawe ditf fiertent] eervear 2p§r cnbabnshedl ERigas is

usual |y t hi s _problemis.described bel in nore detail. A
Convol ut 1 Bhal  FHERERtuREen I EaE MGl e RS SRAE aHF £t v egi ster

can be cogsetrfbe{rmedde@tembedeb%m A teirestd 0N didggambedicin agT$ he
connectlon di agr.am 110 of,  Fi rate R= 1/2 encoder (2 output bits

f of ever y SPRFA" L5 ONs F5t Rg’ tol:f/rA\e‘f ?H@%hfeéﬁser?ém slriﬁeacrfﬂrbé 1311t and two

adder s 112nhkbhghlhe 169dehsahe 1IRdo81iny FeiermtsvdddLretasntéd s ) li€at i ng
that the % %%%%%dn%qrcult Swgk%h%% %Eta, an EDGE version of HSCSD
(High Speed Circuit Switched Data) in that ECSD is HSCSD
with GMSK modulation changed to 8PSK modulation).

30 Fig. 5 illustrates the operation of a prior art system
where a symbol interleaver is used and serial-to-parallel

conversion is located after the interleaver (as in Fig. 1).
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30 tuple. It is possible to nore concisely describe an encoder than by
provi ding a connection diagram One nore concise specification can be given
by stati mgovhes+e@l ues of n, k, and the so-called constrai RCTIIBORHONSK
(defined in different -4 WD 02/ US-~1~U3 PCT/ 1B02/ 0U1108 ways, such as the
nunber of k-tuples that affect the formation of each n-tuple during

encodi ng). For the encoder of Fig. |A n=2, k=1, and K=3. Another way is to
gi ve the adder connections in the formof vectors or generator 5

pol ynom al s. ,For_ex e he rate.1 e of Fig,,1A_has ner at or
vectors g]%:ﬁﬁﬁ.%ﬁ%ﬁ%ﬁ%:}%iﬁgkggt%%uééaf%%tI5{ ghg/aeﬁgpgtgﬁgggg%ﬁgnials gl
(x) =x2txdnwesiditgibrix) cod@+ils whedewkths8+ A8Kdmbdulatbonnpl i es one sanpl es
delay, D2, j.nplies two sanmples delay.etc.) 10 In the exapple of the _encoder
11 St oGP TS RgEL T hENG oaeSe S 3 RS 1rBec BT E PoraR EEB e h ahes
per f ect | ya Middnt 1n nefrbesned1tbeohil Seseslelinandepanbalrednbireky ihbbee,

-enabling the allocation of all the bits from one, generat or goLynoniaI to a
[

cer ai n pd¥ies ot twi SO LACh 1Bt Famehriek8s§HBBPlsandespedi tREQI Fie

al | ocat i ngiel oL a1 Odt Sy f r ORI BT &ah Nb@ObyBeRl ahsat B18tkOAYaBbhaROSi ti ONS
and allocating the output bits of other Eolynonlals to weak bit positions.

(I'n 8- PSRHodteRTHPeVehe (3t SBHt OBE tRetPhr 8¥2BPLE §FMeQen02ymbol has

twice theduisfeid ool fh€efBebie PmBLDET ih¥RREt &5 ERAgDEL MtED the higher
bit error rate is ternmed the weak bit, and the other two are called strong

bits.) Howevergrif &Hgb611 sneaY18HGETULENGsdanenabt eyseemyokuki pRabyr
encoding (as is shown in Fig. 5 and also_as in all state of the art
chthnel e drovperehee odPhgnal 2Ent el apvondt pbnthe EHELBGt peveBirts of

the pol yname ghse of t fife €HLOULE VYS! 2 DEcHRUBLUSERY & BRI @i?ﬁiv@r,‘c%ﬂere_
algorithm It can be seen that at the start of the allocafion, the bits

f rom pol yrEetet vandi Bs afson| hopanedursngdt medylei erposirenemdttemi L& bits
f rom pol ynomi r | oc o akabit pEsSLLLANS, HdeyeyerL.. due to
puncturiﬁg%g;%%gggg¥§b?%onl%%an%n$ggg&ﬁ aﬁ .% gre E%%eruallgga?egr%o weak
bit positfonsdeopdtngi stabeswhbt the aanvedutTheadnicebendeddahkoest i ons

refyce the SLLOLEOEECLER-PBELOLIRAGE ALy theaAce WOM2LLES, 1GL13 PCT |

B02/ 00008 code, because polyn Binthis exanple are nore

sensi ti veSueh ez rprgbl amt feesr apsnbssiionwbhanpelinoWsebhiér iatgollgaveiral is
sensitive is |learned by carrying out extensive sinulations. (Note that the
sane probl em dlse maisesonheptimehdtyaré bhet periconesttutriedndkscsde thees not

mat ch thefé‘é'@“@ﬂa@“i{?i 5840, B¢ EE%E%H}H}EQ éﬁl%ﬁtg%%b%'f- )cth\éh%hcio%ie'aeeded

is an algorithny Tn"the case of convolutional “éncoders that transmt

mul tiple hits feomsygnhdlrenf gensepavat pbyyabinaeadt itrg at ke viert posutpotn by each
rent. posi Wthin a

1030l y1agt Al o Suslh, SEORSELALR! B UL LU PRS0
error prodahibdl theseofliffierdntf erentr probabfilatdysholasprieviudedldy such an
encoder, 0,85 t0r, MR OYELIAG §L" QLRLOLEG! LA REIOIRLC Y Rh shhe encoder.
A convolutional encoder, which is usually implemented
‘as a shift register, can be completely described by a
25 connection diagram, such as the connection diagram 110 of
Fig. 1A for a rate R= 1/2 encoder (2 output bits for every
input bit), showing three delay elements 1lla 11l1b 111c¢c, and
two adders 112 114. The code rate R is in general written
as k/n indicating that the encoder maps a k-tuple to an n-
30 tuple. It is posgsible to more concisgely describe an encoder
than by providing a connection diagram. One more concise
specification can be given by stating the values of n, k,

and the so-called constraint length K (defined in different
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15 DI SCLOSURE OF | NVENTI ON Accordingly, in a first aspect of the invention,
a nethod is provided for encoding a sequence of bits for transm ssion via a
transm s3¥@n2/eHamnel as synbols consisting of a pluralityP6A/IBIYW008sone of
the bit positions 20 of the synbols having a higher bit error rate than
other bit positions, the nethod including: a step of providing a plurality
of sequences of bits using a convolutional encoder, in response to a
sequence of input bits, each sequence of bits being defined by a
predeterm ned gener at or |.ynom al ,_havi d rmn | evel of
sensitiva?Y bqﬂﬁﬁégﬁgﬂﬁégI§%§&%92%§pko %g%%?%géﬁhgkgﬁgg g ®each sequence
of bits toHowyathiodn poSidacdnsn bagetle oduthegl enebdbhg) . sefsirt thet gnobdete

gener at or ynomj.al defining the.sequence of, bits, 30 In _accord with the
Piret asstbi B THE Pventioh, TR REfnodiMayPar siey nePule SoePeplsr
i nt er | eavadder Fusmimest idhe imt ehéefvingofayebeobit orngenkeatorng, and the

“step of -6 _ V~'0.02/08-@3 PCT/1 BO2/ 00008 proyi di i b
e of o HRRTLIRE <{ P b SERTPLRL of NBaRFHG, LAt EPHAL PoryD-( A8 RS

interl eaving G@Ye b Sy ot bhseglLavi Ntandngl, tha oat,eprofedaiiondldintd vg
mappi ng may be perforned before the s%gp of synmbol_ interleaying. 5 Also in
accord wi e t BRNeTFERT RYEEROBEAL Rt Rt el i394 e (¥ epXot L pré¥sEfng a
pl uralityxofssequ sy of bht $mP3iBg 8ne0BYMAbYUEEORRL agNCOACimpBieseast one
of the sequences of bits nmay be punctured after using the convol utional .
encoder | FWRrdRAPIS f1el3¥e®BE ) east one sequence of bits 10 into a
transm ssion channel. Further, the anount of,Euncturin%iqf each sequence
ned? depend on Imetherawplacpti £hei epcseerndlpyrynesedl id@efilfi-ng t he

sequence. t . S@o40 ALEOTIE W EHE 118 EbheblaspeaklobolBeraeRls On, in the
step of providin lurality of sequences of bits 15 using a convol utional

ap . .
encoder, E@rf%QEEYd%bt%ft@ﬁeng@éﬁénééstbﬁ bits ABPtbeTpORE F¥ERCAft er usi ng

the convolyhippaly OC0dehabh i REUehet Q1ibEatRBnabe! 683! LRe IRQUeREH Of Dbits
into a transm §sion channel, "and the anpunt of puncturing of each sequence

may depenenendeherievel potysenspli ¢t § 6prthRdn2pogdkyeoMwAIthdEf iegiclg t he

S ence. h od y L e j r IRg. Al so
e R T R R

provi di ngbat sappbngceayabe pelyoombdlsf ter sthengt &p topdsiitt iomse@neavi ng.

Al ternati [ r 1,006 I ' rl i .t-he step
of provid%ﬁ%gga%g%%iﬁ%gn%§€%gepgg?§r%gdg%gggrggiﬁgggggﬁgg¥xggﬁﬁ%?%lk

i nterl eavpogitiona. se¢bnd8 aBfBctmodfilaechnventi bat aumtdfodhes tiwree ded f or

decodi ng g, FEAUENEL BT sPhbs1 eASRIRHIER" hbARIT 8940 W 2 Ad @M ssion
channel a%™ sy 'S
20 other two bits. The bit with the higher bit error rate is
termed the weak bit, and the other two are called strong
bits.) However, if there is any puncturing done after
convolutional encoding (as is shown in Fig. 5, and also as
in all state of the art channel codecs for speech coding),
25 the allocation of the ocutput bitg of the polynomials of the
encoder must be made using a more advanced algorithm. It
can be seen that at the start of the allocation, the bits
from polynomials A and B are allocated to strong bit
positions, while bits from polynomial C are allocated to
30 weak bit positions. However, due to puncturing, some bits
from polynomials A and B are later allocated to weak bit
positions, which is not what is wanted. The unintended

allocations reduce the error correction performance of the
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30 consisting of a plurality of bits, some of the bit positions of the
synbol s having a higher bit error rate than other bit positions, the nethod
i ncl udi ngv@eveps6a3hat are the inverse of the steps perfor me@TiIRO2ZEEEdI Nng a
sequence of bits WO 02/0S-1fi03 PCT/1 B112/ OO00A according to the first
aspect of the invention, and in particular including: a step, responsive to
recei ved synbols, of demapping the synbols back to a plurality of sequences

of bits,

each sequence of bits being defined by a 5 predetermni ned generator

| | i , h
oot nay et et e £ Thore, S8 eht b erkuble P RBE, HEKRS e

denappi nd’

defirﬂrm)sbﬂsﬁwmwélwe oo iﬁetﬁequeanemleélbntehaandla sWeptheesponsi ve
.to the plurality, sequences, of bit 0 rOV|d|n outputs _bits using a
convol ul ISHP bbb HerS FEASLEHTE (L RsTRtroEH PReCrhOENLRON AR BRERTEL | ng
appar at Ussimsu P4 evied fQNo@@C@@aﬂgtHeS@QM@”@ﬂoEleﬁlh&s&oérﬁééBSWhéﬁlOn vi a
~a transm ssi on channel as synbol s consi sti ng_of plurality of bits, sone

of % he bithos7E¢ oS q%eo$°¥ﬁ%l%9h%%?§ ﬁ@@?n@oéshPQFeWaEFP ERROPUMRES t han

ot her bito$asi{ions. bt herappaietss hachHdi gmpaRans for providing a
plurality of sequences of bits using a convolutional encoder, in response

to a sequence @, NPYtnOLESS §§0Qn5§9§899€hﬂf @htéhaebagedeklned by a
predet erm ned generator 20 pol ynom al "having a predeterm ned | evel of

sensi ti vitgnvoelpuheral i Aacoarss nkhat ForRNARPHI MYl EARLBI PATEf Pesch sequence
of bits t§¥ﬁg8?°'f&PSéé¢QP§tQ§feQ198c59§nbe¥ﬁé Bﬁt§eB§t Ly by ebchhe

gener at or

ynom al defining 1the sequence of bits n accord wth the

t G d aspeelyoedmiak phvenchoan eheodernsntet fhg dp§§ﬁ§e9§ pagiiiessi ncl ude
means fory, i@ﬁfﬁ'%agtgﬂsmfyﬁéﬁeéymbbf ”Sﬁ”ﬁl&%&1hﬂh¢%h§%vk%%egax per f orm bi t

i nterl eavi ng,

e neans mapp in e operative afrter e neans

for interdeaving. thﬁt@iﬁé@reetyergcrtneOhebméthESinﬁeth@a@nﬁéemﬁwtperform

synbol
operativ

QS %eg¥' JempB 1 %99183 “B Q0" Q¥ hgg %rWBQB'thE%V be

ore he neans n eavl ng urfher e neans for

prOV|d|ngumpp@ueatheyenrosegneneegloh pet§oumangeao;g§he Woco2eas5C03 PCT/ 1
BO2/ O I OOR convol utional encoder nmay include, after the convol utiona

encoder,

means for puncturing at |east one of the sequences of bits in

order to fit the at | east oneDE8GLEATRBEQPFHINTENALONa transm ssion channel,
and the neans for puncturing 5 may provide puncturing of each sequence in

an anount that adepeadsgdp, the heveksef agpaskt b¥i theofinvlarpehnynen al
defining the sequence. Al so in accord with the third asEect of the

|nvent|oHneﬁh@dnéﬁnErPH%dﬁ@ogPﬁl RECLIARGT 81 FEHUSPCSe Qe

d&S &PThits 10

using a copypLWikensh ensodetrAR¥miBelBdechabihen Bie symbols

20

25

30

consisting of a plurality of bits, some of the bit positions
of the symbols having a higher bit error rate than other bit
positions, the method including: a step of providing a
plurality of sequences of bits using a convolutional
encoder, in response to a sequence of input bits, each
sequence of bits being defined by a predetermined generator
polynomial having a predetermined level of sensitivity to
puncturing; and a step of mapping the bits of each sequence
of bits to symbol positions based on the level of
sensitivity of the generator polynomial defining the

sequence of bits.

In accord with the first aspect of the invention, the
method may also include a step of interleaving. Further,

the interleaving may be bit interleaving, and the step of
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convol uti onal encoder, neans for puncturing at |east one of the sequences
of bits in order to fit the at | east one sequence of bits into a

transm sW@M/@Hemnel . Further, the transmitting appar at us PEEAIBeA0Y8N8 ncl ude
means for 15 interleaving. Further still, the neans for interleaving may
performbit interleaving, and the neans for providing a mappi ng may be
operative after the neans for interleaving. Alternatively, the neans for
interleaving may perform synbol interleaving, and the neans for providing a

mappi ng may be 20 operative before the ans for. interleaving. S
further, PREVHEANE goWaBBﬁE‘SuF‘?Hg%ﬁ'a?eﬁ oFrgd ﬁ&:rif(,etruﬁlhﬁg S&Fpeé’c,fﬁ‘ bslgquence

in an anoyptethabviggendaleerhheikeve, ehesensicrildawiref nfadie beolsyrpydlal
~defining the sequence. In _a fourth aspect of the invention, a rg}%el ving 25

appar at usingept8avded  f 8RAJEEEIPREPaCSeREONLE ST B MERRHEEH 8FY

transmi sshoneyided bbapRsdl $30BrehaBreLvABoIY BRI 16RSIg i ng of a
-plurality of bits, sonme of the bit posifions of the synbdls having a higher

bi t gerror rat eA%QBniﬂt hetoRist wReS EhaN$4 rihe ARRAtAYS dHicliididg imans for

30 performng the inverse of the operations performed in encoding a

sequence oh bhessaepopdi Pgoveding fi pdtred ithi of #aseenasts e idgent i on,
and in paypLigul ar . i-ng; LespQRsi ' dor
Gemappi ha Ehads arBeng LGt R o I e R0 peF Ao S 0005 Back o

pl ur al i t yobf béequenyebeobubictairedaelf tedquerice dhepiqonvsdivig arefli ned by a
predet er nipgdagenehabokdholoi¢qial AAUING A U AR dttatee Welpidls
sensitivity to puncturing, the demappi ng based on the level of sensitivity
of 1& 5 gemstat ar tpahgndmisdlondehiamineg .a Faspdety védhsmanfunttheofsequences of

bits; and ans,..respensi_ve t I [ q_em_prs ids, for
provi di ngploqﬁt:gldf%n%i ?)g ﬁ%%c(r%\lg S%qé%gl\?%l ﬁ{al onae]\beg—Iedccs?g_gr. ﬁLues\,;glb?%hangi ng the
seri al -t ospasakliehtlhl ofk tiweodulenot(adf deafiencuddrhda cseansperd.al functi onal
bl ock (called here a mapping block), a block that is positioned before the

synbol interl eatisngibl eckoafd avisymtdle ifitrest esspeawt erft dder ,irmorerdfiae, t he
bit interleaying bl ock of a hif. interl.eavi,ng encoder.  the allogation of
bits f ron%&a%hegg’ggpaf’ r pf§vﬁ(%tl§?§or% éﬂludﬁ‘a]tlﬁc eontgosaee?uec%cne%eoégbplatrsat ely
contr ol | edsihy easentolatiymedl dndceidreaver levectiderne tde tteppmenpdiiask al so
al l ocates sequential bits from.a puncturing blqck (nmodul to different
synbol s t8%f %Fgﬁefnab’r eﬁunﬁ%ﬁﬁéf aérl'?creéfrsu Fom bet ng” "ﬁc?]:‘%tv\ﬁ‘osnea%di stri but ed
at the inputodert i 20-deanv@ Witondle decddetst lonpreamigate dhebieppi ng

bl ock of the invention could befwcom}imned a/vl th the i r\;tser}seaver bl ock of the
prior art I0HGwey EFANEIEEEAT WRAF 9 (% IS Us R EANE NB or
AVR- VB, aga$@l sedfucnt3eRR2GdORh@th IERPAGRII0 26 sespecivie) yof dleis
advant ageous to separate the mappi ng bl ock of_the invention f

romthe
i n2&r | eav PR YBPEER 1 SEHITE 1h S IRETHRITS eafe+E T be- rf%?‘?}bo‘?}‘?mf hat its
function peed Nel-1RRISpReETd L h S ap iRl f1ef. evel ¥o mbgecigér | hene

interleaving may be bit interleaving, and the step of

providing a mapping may be performed after the step of bit

interleaving. Alternatively, the interleaving may be symbol
25 interleaving, and the step of providing a mapping may be

performed before the step of symbol interleaving.

In a second aspect of the invention, a method is
provided for decoding a sequence of bits encoded for
transmission via a transmission channel as symbols

30 consisting of a plurality of bits, some of the bit positions
of the symbols having a higher bit error rate than other bit
positions, the method including steps that are the inverse

of the steps performed in encoding a sequence of bits
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encoder); only the mapping operation then differs fromnode 30 to node.
However the mapping algorithmcan also be inplenented as a generic

al gori t hWO 0395603t he codes node as one input paraneter, aRETABI2MAISng
possi bl e the use of one -10 WO | 12/ 0s~Q03 PCT/I B112/00U118 (generic)
mappi ng al gorithmthat operates differently for different codec nodes. For
several reasons, the present invention is nore . practical (easier to

i npl enent, requiring |less nmenory 5 because of using fewer tables) for

encoders where.synbol i r LNng._i S d. in l ock is | ocated
before th%cg%¥%%¥ a€%r€%$o%§?¥khgﬁb§8? ggcéggrékpﬁn&gggﬁ %F?¥?%terleaving
i s perforpadtifotaonenthidingi: napeaebi ceebponsisef tiocueicetiovekleep track

-after bit _interleaving of the 10.al location, of. each_out i each of
the di ffe*?’éﬂfi"’{)%f JRbrRfapD hHig ﬁaensw?%%gaws%{ 5o #tlgl%}aég\l;&né%a conpl ex
process. &bgtibeceshef baund, enphi Bggquancheoifnpliesebedhchyafdned byolkup
‘tabl es, redu ing coqgéexit% bgt coniuning ﬁeﬁounces; usi%% a_|l ookup table
is Dot al RAGLSFEREIBFR I8NBERL0SePqYPE A2 argE 'EbPe PESEEREIT-RES needed,
and sometiggslse¥esahsdtiferentot pohesuat agneeded delappd naulbaisedt encodec,
for exanple, a separate table i s needed for every For, anqt.her thing,

de.
a synbol FREetPEBRYePL cBRNBACHYLEY 6 2098n85?F8§p@EgVH§“B@9 et &&ver, if

avai | abl e; sHEBeatifebbhel BECEheavRHUEBEEs BFGEYWheradOWKteRannel s
(full-rate/haltTsate) have earlier specified bit interleavers. (According to

t he i nvenFPBROEABER kankhenpPébreditysofafcalsscss fediftsr £PSK channel

cofigcs Sigp ViBYngeshfpigkngisynbaling2a tasteadrabrsiingeadids.) If a
suitable bit intefl eaver is availablé, then the code for the bit

interleaver caphbg gdaphiedshettruse Byet heveywheh il artammrstiangd the use
of | ookup tables (ROMtables) can al so be adapted. Furthernore, no

opti ni zat pBRar3tREededrFOVidRe SpRencIding: &r sesrencieSighits fiP%opti mal

bit inter LS BRI ' qu @i sEhens @R nsedt &8 aRfddies sane channel
wth a di#?%ﬁ%ﬁ%bﬁﬁgﬁlg??oﬁ g%ﬁgﬁgﬁsgg I'n the case of GSM  GVBK bei ng

changed t go8spskinghefadvaitzgd itharinbisgti womet iadh thel bidnpaeitdsren3

PCTL1 B02/Q0(108_j d A he, .i [ ' lie f

| bF emont S 66 SHAROLE. R tRor Tnantar Ceacks Tar Barh UK and - POK
nodul at i opssitisonbe phevappdraBRISER NOESCRNDTFTOR0R TiME DRAWINGS'S aThe above
and Otherpgg&gigﬁy E%agg&ﬁén%%% %&y%ﬂkﬁg%%i%% a convolutional

encoder, in response to a sequence of input bits, each
sequence of bits being defined by a predetermined generator
20 polynomial having a predetermined level of sensitivity to
puncturing; and means for mapping the bits of each sequence
of bits to symbol positions based on the level of
sensitivity of the generator polynomial defining the

sequence of bits.

25 In accord with the third aspect of the invention, the
transmitting apparatus may also include means for
interleaving. Further, the means for interleaving may
perform bit interleaving, and the means for mapping may be
operative after the means for interleaving. Alternatively,

30 the means for interleaving may perform symbol interleawving,
and the means for providing a mapping may be operative
before the means for interleaving. Also further, the means

for providing a plurality of sequences of bits using a

-8~



the invention wll beconme apparent froma consideration of the subsequent
detail ed description presented in connection with acconpanying drawi ngs, in
whi ch: Fivgo 0d034803a bl ock diagramfor a prior art channel ®6c¥8B02A@®oessi ng
synbol interleaver; Fig. |Ais a schematic of a shift register inplenmenting
a convolutional encoder, according to the prior art; Fig. 2 is a block
diagramfor a prior art channel codec using bit interleaver; 15 Fig. 3 is a
bl ock diagramfor a channel codec according to the invention, where the

paral l el -to-se g. [ I ppi ng
nodul e be?%?%oiﬁglg§%gog naerle ge?n8éuﬁg a%EGE %ﬁ% £o gggﬁ$%ﬁi Sgﬁa
channel codesdacecomndang £6rtpuhbéurmmgnatoﬁeawheoeetbé maeambenmnmmserlal
.conver si on dul e, of Fi th._a mappi ng nodul fter the bit
interleaV%F?B?Fﬁ ig PFﬁggtE8t§§£ Eb 8? g%FS&ePﬁgd S%egfioc tlﬁﬁ

convol uti ohRab &nﬁ@dﬁdmbsésoheﬁhaﬁnalsyahdlthetmebe&vébn @dﬁﬁummmmpder such
-as illustrated in Fig e convol uti,onal code; Flg 6

i |1%ist r at®BY aPREVADE QHESFHFﬁBgt8ftﬁ€C FERIEDTS GF ﬁgpﬁﬁﬁﬁﬁ%b %t onal

encoded bhéseRBEORA 8h8YMBOL1I BEeEkaaden viikya ofoder Pedlyramitdie codec
illustrated in 30 Fig. 3, for a 1/3 rate convolutional code. -12 WO
02/(18—4G@9 BES?QNEEE RERUERRRYI NG OUT THE | NVENTI ON PCT/IBOZ/CIﬂlOS

Referring nowto Figs. 3 and 4, according to the |n%§?t|on channel
I

codec (300, 408)s@sifgarEQufarish Ch& thLZs AReThuah fihe b"ﬂ"? Oy ol

where thecger Riéaésp'f%a?kbb&}dlhgr 2Rl W UF RidhRrr isidwt the
same, a mappi ng of the convol utional encoded bits (provided by a
cthoIut|Bﬁaﬂgeﬁcéééwoéﬂiloﬂfﬁ)eP§°§€ﬁT6Fﬁ%dl¥ﬂﬂ¥¥? &hFs%eddts ed puncturing

by a punc{:&!ﬁb&%@@ﬂh@ 320d42),) @S fR QRidFEE ddechannal sadess

performance; if
the sequences of bits in order to fit the at least one

sequence of bits into a transmission channel. Further, the
transmitting apparatus may also include means for

15 interleaving. Further still, the means for interleaving may
perform bit interleaving, and the means for providing a
mapping may be operative after the means for interleaving.
Alternatively, the means for interleaving may perform symbol
interleaving, and the means for providing a mapping may be

20 operative before the means for interleaving. Also further,
the means for puncturing may provide puncturing of each
sequence in an amount that depends on the level of

sengitivity of the polynomial defining the sequence.

In a fourth aspect of the invention, a receiving

25 apparatus is provided for decoding a sequence of bits
encoded for transmission via a transmission channel as
symbols consisting of a plurality of bits, some of the bit
positions of the symbols having a higher bit error rate than
other bit pogitions, the apparatus including means for

30 performing the inverse of the operations performed in
encoding a sequence of bits according to the first or third
aspect of the invention, and in particular including: means,

responsive to received symbols, for demapping the symbols

-9-



10 channel codec includes a synbol interleaving nodule 34, as shown in Fig.
3, the mapping 33 of the invention is perforned before the interl eaving;
and if tiwoohessne codec includes a bit interleaving nodulP€TAB)2/@808shown in
Fig. 4, the mapping 44 is perforned after the interleaving. The 15 mappi ng
33 44 of the invention replaces the serial to parallel conversion nodule 13
(Figs. 1 and 2) of the prior art. In the prior art, weaker bits are evenly
di stributed anong stronger bits, decreasing the error protection 20

per fof MASSeR! cbre BONVRIULLCRs! oeadEnckle PSR, Of e epreane dan e or
protection caused by evenlry“drstriputing weaker Di't s anong ronger bits
depends dniwkabepoyydefiaks hyeaupeddenetring nechgeneriadomal peigodnigland how
-the bits from each golégonial arg al ocgted tQ Lhets %bols. he .ef fect 25
caused byttt edkPhris caR BEYCAPVEY §5f £ HTAE ity F b EERGEE T RE weak

bi ts decrenasedéhepplihor bpseteohi ehecapakill idfy sehdiftd vdeyvafutsi onal code in
-the_same way as _(inte tionalﬁnﬁugcturin% usin uncturin rices, but to
a | Ssser SLERALOBOPRRUACRRANPEERG LRI RarREPoordde Ffe S OBEt ti 65 of a
sel ect ed poqienakal ofebidks HBUAMEXUN¥ET Yepioridivey tanahez edurBuGhart

anal ysis determ nes how.the possible puncturing should be done (i.e. which
pol ynomi afeIeeREEAcPhr B14fd RRFCRTOYAA1NgoWFRYS S ELFS PERME 802/ 00008 not

t o punct uggnvendcywhghheyeebaeet to use a recursive code). (Puncturing is
done to match the nunber of convol utional encoded bits to the nunber of
bits that can @ahiHal by bRasghhg aRd kReianakysigarAal«as A feal (nideheardy ni ng
5 how to do the puncturing so as to obtain the required ' _matching and yet
deéPease Phe?Br FBECPEEt E6t PoRPEELRr MRS iomaln & 1asHy dlaglilsrhhedsié as

little asnpgsshll B1oERNYOLULIGRAI teadi NG F@é&%ﬂ@a RRIFHITRG MNP €S
where the nunmerator is unity, i.e. e.g. 1/2, so that for each 10 i nput bit
there arelPEBTHBEFERILPLOCK Lt Re SHTROLatiSC G QaVing anedatotoMi rect | y
get codingefalegpinpuhi qagk%eawa@,aﬁo odiS it Nefitdhan, diitlaayssieh as 2/3.
To do so, we run a 1/2 coding rate”and puncture out some coding bits so as
to reach eheodesir tliecedilpgatdoa. pi| bits irem e@gh weriansdarant to find out
whi,gh pol ] : | e S Lti i J mer B uri its
outi%ut) , éﬁ?ghg%%%\?hg?ng%% tr%l?t%aggng:éﬁ %% aﬁg&;&gﬂégﬁr_ (Cjﬁsnﬁta C{[1;1%%[ e o]%?i mum
pr ocedur ecaget ofpaneymbelornng erleaverp@nasideathe Hreastamemg thharkpd g al
or those of I t,2Q_s Y 0 1.8l eayg tyhe

ot hers un%%%%?%?gg.Sﬁ%@%?tggiabﬁgﬁe%o nﬁﬁh qkégﬁyﬁﬂﬁﬁﬁkgﬁgfarecuf@ive

pol ynonm ate ghbfiedensualyimpoie Itef t£umienc tureatkntThdhaanradr guruirec tfieym

perf or mange. l_uti .. I s.greatly inpr if the true (or
har ) punbeiirns ERtyd e At e B R Y B oge 1 <
i ndépendeandbhyotanticakllededodex.i f puncturing of each polynomal is

optim zed in the design phase of the channel codec independently of the

ot her pol ynon ahspriinkcewade, thentmappiing Hllecks et alleedi rsadrit mmataridg on a
Do e B LY T S AL, LY S5 IS St At ect on
art, and Hbeenmppi rgpef itald ypmesdnimulieaton rdmideestichac ARMR-IB - 14
or AMR-WB, as set out in 3GPP26.090 and 3GPP26.190
25 respectively), it is advantageous to geparate the mapping
block of the invention from the interleaving block because
then the interleaver can be generic (in that its function
need not be specified separately for every mode of the .
encoder) ; only the mapping operation then differs from mode
30 to mode. However the mapping algorithm can also be

implemented as a generic algorithm, using the codec mode as

one input parameter, and so making possible the use of one
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WO 02/ 05. Q3 PCTI I B0O2/ 00008 Referring nowto Figs. 5 and 6, the output of
an encoder according to the prior art (Fig. 5 is conpared with the out put
of an enecwolervaewsording to the invention (Fig. 6). The pr POT/1B0200808coder
that provides the output 5 indicated in Fig. 5is that illustrated in Fig.
1 (i.e. the encoder subsystem 10), which perfornms synbol interleaving, and
t he encoder that provides the output indicated in Fig. 6 is the encoder
illustrated in Fig. 3 (i.e. the encoder subsystem 30). The difference

bet ween t e encoder eratlo IIu te g t Fig. 6
is that tHEEer It?? +%$I% %Bﬁ s?%%énﬁg %thk Fﬁgfg?ggﬁmg F8%ncoder
(Fig. 1) dsftemmcesbdiyc amo@epl ng nodule 33 (in Fig. 3) according to the
‘invention. According to the invention, the allocations of bits 15 output by

di fferent poIywmwﬁééﬁefalbiéaposstibhs phesbetouhpehtibneam apeenmade
accordin to the orﬂer t he are determn ﬁd to_be inportant, i.e.

ol yno
-deternin ?Q)%ﬁ?%e SFT15E €8 %ﬁﬁg%mﬁﬁECtﬁ?gHbrlpﬁe more"SEnsrti ve, the
more i Npaséddilise | Hf thei gy afplwvergtubhesh Fog. eﬁcaddrElgheﬁe 2Qmbb@ -or der of
i mportance begi nnip g W th thg gnsa jj)portant is @ B H bg A, B and C.
Bits from® PpbF t ARECpoRY | "APBIRP| BLREEd 10 1PAETEEr ongest bit
posi ti onspof oLACthSYIRObr1¥KRearabllobRe bhis FoemshkedeRpst innpattant
pol ynom al are so allocated, the allocation continues with 25 the bits from

the next WostithepteanitgolsnBATAPIMERd sBOBNCNENtPANEhe 1B PEAFFIFPL he

| east 'inEtfgthPfYQQYEakoak@eﬁlEQS@kleE@rtBQtWﬁ%E%&ﬂeﬁbﬁ&gOBftEﬁe
synbol s. Thus, according to the invention, the mapping nodule 33 (Fig. 3)

art@nges @hb@CQhEO@u@%u@a§hq9éﬁ§§toblﬁh@fs?ﬁﬁblO@Otbﬁt@#¢§§F§Pt34 al | ocat es
all the biLs,fo0mpe!l WHQHHBJ_:; {f\afpelagr gRgebi bt Iln%exq&vtlb@ Bi tomlex

assi gned positions in eing transmtted that _are |ess Ilkely
be in errPrOCHRE- even §bﬁt0gbﬁ§tbﬁﬂﬁg W@Pﬁéﬂﬂopﬁﬁdbﬁoﬂ“ﬁ%ﬁ?ﬁﬁﬁ?él by15 MIO

112/ US~( ﬁ%}%£%%%%cate%@to rEALS9nBOLEmbh Ak i £ ¥R Il Ridisigf r om

pol ynom a sequential synbol s, because a roperly
desi gned sgsbotrceat enbénger ﬁ@@kﬁﬁlt?béépaﬁapé§ SdyEein itansd

soggtlnes ggQ%§N§Q§g%t% ?grégqgggﬁbake O§R%k§F{ SERY, teag_radlo bursts,

as~Set ou he "exanp no sof't puncturing of
t he nost sopetimas peVynaﬁldhifeAeandtableg p@ﬁf@ﬁ@@@dl gomea Bitld ifr om

{ese POl yaon alsar e85 LNG Lo 1PRe Ll RONALONS J DLl ppbol s Lo be

transmtt rHor ection pe or mance

convol ut i enakycadédespeci fied by the generator polynomals A B and Cis
optim zed for the nodul ation schenme. Referring again to Figs. 3 and 4, the
i nventi on al soFproundeberntiisg, mappiympel( 3&teseaomy espoid fgsed the 15

(588 395, £380:3dlpatien baT S ATRRRAGS L1 1) SRAT 5 SRR G, P e

45)) aF per P8ve ter the inverse interleaving 'if s
delnterleanteglaaves peeﬂoume@ﬁMamﬁehef@MsKtM@ann&%suxﬁuﬁkﬁﬂaﬁﬂfhﬁiﬁf bi t

?gl nterl eavt 9 4<g:31v|eS ege&fl%rrn%%ecll 1e%c%' %tw vseésr ansmctcto%l cgcor di ng

to the invention those same interleavers can also be used
for 8-PSK channel codecs simply by rearranging symbols

25 instead of single bits.) If a suitable bit interleaver is
available, then the code for the bit interleaver can be
adapted for use by the symbol interleaver, and the use of
lookup tables (ROM tables) can also be adapted.
Furthermore, no optimization is needed for the symbol

30 interleaver design if an optimal bit interleaver is being
used for the same system and the same channel with a

different modulation scheme, as in the case of GSM, GMSK

being changed to 8-PSK. The advantage that no optimization
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20 the invention and deriving fromthemthe bits encoded and transmtted as
the received synbols, a receiver would include not only the inverse

mappi ngs W@a2/054&)B, but al so i nverse nodul es (37, 38, 47, REY/IBE/0e8pondi ng
to.the nodules (31, 32, 41, 42) for convolutionally encoding (31, 25 41)
and puncturing (32, 42), but in the reverse order in which these operations
are perfornmed on the transmtter side. (Each operation on the receiver side
corresponds to a respective operation 'on the transmtter side, and the

d f th t] th ' ide is th f the 30 ord
on the 1 rHRSAPEIER S0t he ThACPRyBAYFon BanoBe Pk el Edd FRct RECmobi e

station ofmplehdiet el ¥ms kssbHeasCADERe whtwer khahdel theéeicsyvEpti dothoul d
-typically be -16 WO (12/Q5(03 PCT/I B112/UUUO8 i.mal enented in the base
station, GFR ki dr BerrbrhiRBSt MESEN ﬁnBF°863gﬁg and mappi ng. Scope of
the Invention It is to be understood that the above-described 5
-arrangenents are only illustrative of thel%gglication of the principles of

the present invention. NIREFOUSSHOBRLYN At FENSRANGCAI t er nati ve arrangenments

may be devised by those skilled in the art without departing fromthe scope
of Bhe presentThavahevenandnathhs appertied Eratwgesr andheeWdddagsescefer 10

such nodi ficat] FEan S api ~U~ 5 k1o Glgai med
is: PcTnB %D%%g ngﬁngé%%dgggggﬁc88P%§egtgga§§h%éCopggﬁgg%f&r _
transm sstba subsequennsdetssidndchgnnyipidony pyelsentedsiist aegneictd on

plurality, thng30g§§ﬁ§%§% g?%g?héspoihthg?%hgf the synbols 5 having a

hi gher bi ¥ &7 OF T it positions, the nmethod conprising:
Fig. 1 is a block diagram for a prior art channel codec
10 using symbol interleaver;
' Fig. 1A is a schematic of a shift register implementing
a convolutional encoder, according to the prior art;
Fig. 2 is a block diagram for a prior art channel codec
using bit interleaver;
15 Fig. 3 is a block diagram for a channel codec according
to the invention, where the parallel-to-serial conversion
module of Fig. 1 is replaced with a mapping module before

the symbol interleaver;

Fig. 4 is a block diagram for a channel codec according
20 to the invention, where the parallel-to-serial conversion
module of Fig. 2 is replaced with a mapping module after

the bit interleaver;

Fig. 5 illustrates a prior art method for allocating
convolutional encoded bits before a symbol interleaver in
25 a decoder such as illustrated in Fig. 1, for a 1/3 rate

convolutional code; and

Fig. 6 illustrates a method according to the invention
for mapping convolutional encoded bits before a symbol
interleaver in a codec such as the codec illustrated in

30 Fig. 3, for a 1/3 rate convolutional code.

-12-



a) a step (31, 32, 41, 42) of providing a plurality of sequences of bits
using a convol utional encoder (31, 41), in response to a sequence of i nput
bits, eas¥0s8yofdaa3ce of bits 10 being defined by a predet ePGTHABR/Woler at or
pol.ynom al having a predeterm ned | evel of sensitivity to puncturing; and
b) a step (33, 44) of mapping the bits of each sequence of bits to synbol
positions based on the |level of sensitivity of the generator polynom al
defining the sequence of bits. 15 2. A nethod of decodi ng a sequence of
bits encoded for tr ﬁ%ﬂh | Y r S nnel as synbol s
consisting of a pIu?a it éﬁi?Bﬁﬁ%gRQQ%nggggh?Hhﬂﬁyﬁﬁﬁos|t|ons of the synbol s
having a higher hit error rate than other bit positions, the nethod
-conpri si ng: 20R3$ehréP€pn?§6 Lo4E398; e3pBRE; Ge gSCPEééPQé& Osytisol s, of

denmappi ngi HHhensyB8hR9! $nbacknhanalpbuaaki t(¥o0f, 3eqyensesgomdaitlst ieach
sequence of bits bei ng defi ned by a predeternlned enerat or pol ynom al

-having a BhetetERRPRERS| BULFiBEesBASPt PRt FYTBOPUMEEER fGS FF& Hermappi ng

basgd on f P@bgswhtﬁ%e& 8888 b yi wtaflnata%n% en Bl yeemdle defilding a
respecti ve one of e sequences of bits; and a step (37, 38, 47, 48)
responsi va m@pphéng&ﬁalﬁﬂ% of §€au§ﬁ@€§1§ﬁl@Pﬁ§ eﬁﬁoéﬁévﬁﬂﬁﬁg outputs bits
using a c n e 112/9S44

B02/ oooos@lgilg{’%1138 Bg gsegﬂﬂg g?%offél entbde rc\é\éngn i‘.a%g a G%%p (34 %3) of
i nterl eaviaften. apyneenvdrad bunetuiang, byupt @@nc@@ﬁfpmgsmgh&est@;? (35, 46)

of deint eab?fv%- 5Ot8" oét%gggdtﬁa 'cﬂa h@lmc%d(ey;e@ff%g% tqré qqd ng

(43) is bit aV|ng wherein the step provi di'ng a nmappi ng
|sl©erforqbdnaéﬁep0dhe shepug4s) aobyhbeli nngerdgeivigg Gdileet3dod a8 i n
claim4, deint eagy| 4 r:l ea and wherein
the step %ﬁﬁ %ﬁ 2 @&% b E %b?éeg&b ?%rg%b%éﬁgd%'%fﬂ6) of bit

de|nterleaerﬁgrméd Aeﬁethodha51nnecﬂaawn®g waadeild the icheerisdavianpq 34) is

synbol inter i.n d. %? 3 of_ _pr.ovi ng i s
perforned %%horest%ebgge §%§eg¥&g§hboﬁgﬁ%tééleg§iﬁ%%“%ﬁqgl%ﬂgﬁet od as in
&La|n14 tﬁher?appuhg delmsepbeﬁmrmgd(aﬁﬁerst@ﬁgbmreddE?ﬁam@?avﬂ?g%)an?

ein e _ste ppin s perforned after e 0
sytbol deWﬁPBFPgaé' 4 5f % ﬁeﬁﬁggnﬁg LERAARSS ShiTeSS §E1he step (31,
32, 41, 2pat3d}left pbﬁ\(ﬂedlsﬁlgnamﬁuﬂ_él iy (efigzequenraes 20f dii ttheugmigpma

convol utional encoder (31, 41), at |east one of the sequences of bits are
puncturedaFEZ 42) after using the convolutional encoder (31, 41) i n order

25 10. A mot hod ad P BELATAPE L WHERER EHE St S BuRbet TR (o, 42) " of
each sequeneagdepeddsgeanbiliie,| eeelreefsiseNIiHd \Wrirybrofpridtedqiulamon al
deflnlng Eggfgg %gggeof the convolutional code; the extent of the
decrease in error protection caused by evenly distributing
weaker bits among stronger bits depends on what polynomials
are used in the convolutional encoding and how the bits from
each polynomial are allocated to the symbols. The effect
25 caused by the weak bits can be called soft puncturing,
because the weak bits decrease the error protection
capability of the convolutional code in the same way as

(intentional) puncturing using puncturing matrices, but to a

lesser extent.

30 When optimizing a channel codec, the properties of a
selected polynomial set are usually very carefully analyzed.
Such an analysis determines how the possible puncturing

should be done (i.e. which polynomials to puncture and which
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-19 WO 02/ Cs. 1 C03 PCT/1B112/ 00008 11. A method as in claim1, wherein, in
the step (31, 32, 41, 42) of providing a plurality of sequences of bits
usi ng a MOYYDHBI3onal encoder (31, 41), at |east one of tRETIBRIWHMs of
bits are punctured (32, 42) after using the convolutional 5 encoder (31,

41) in order to fit the at |east one sequence of bits into a transm ssion
channel. 12. A nethod as in claiml1l, wherein, in the step (37, 38, 47, 48)
of providing output bits fromthe plurality of sequences of bits, punctured

bits are |j 47) .1 At ast,+-0 t he ces of bits
before ué?ﬁgq%%gggéﬁg% %ti%%§|ﬁ%%€% erg?Sg%t4§§.9%§.QAF%%?E%EQES in claim
11, furt hsrdeonptPenaguaisgeps (3dne4B8p wvhticht heeavimhgr ©£. A nethod as in

-claim 13, wherein.the.interleaving. (43) i it intecleaying, d wherein
the ot ep THSC STt cPhEbatRubb o oo he, pirbek GF BitEnENaE, 5305 "Cr
bit interdeavany Bb&.séntuptind akei analgedslBaswher ei gothe deneenmiadwiong

"(34) is nbol interleavin and wherein_the ste 3) of providing a
gaﬁ%ing ﬁgmbeﬁ?o&ﬂeﬁh%e?ﬁ?gtPﬁ%ngt§B ?§4foon§615y&§8?rFﬁP@FFgaving. 16. A
met hod a&raeiﬂfbl@%jﬁé narld,ywlﬂeﬂebﬂe%ﬁbé aneuatrof p]tcxrbctﬁultﬁbg b&%_,fo;t’n‘\);r?:_fe each )
sequence ends on the level of sensiti.vi of the nom al defining the
seguence.ofpﬁae PORY S EH??F?igcaﬁﬁaﬁﬁt&§¥Fg¥ QﬁcgﬁﬁﬁggggSequence of bi?s 25
for transthgsdDarvbAad toansgi s5i gpuahagnekrdsrapdbalishc ebgiest whgref a
plurality of bits, some ,of the bit positions of the nbql s having a hi gher
bit errortRatRUPREALBEhaP BP%tﬁosFtgon§;9thé/§pp§PaF§étc%ﬁﬁ}e g -20 WO
U2{ §35- 1%;5@/ bBE1R2AORCE(AP8 BhomBaBput3bitd?, 4% th?) nleerptew ding a

plurality of sequences of bits using a convolutional encoder (31, 41), in
response ¥olEysetfefidBNBE FABEELAYt 9etegORisgydanNcE 4 BPESMENTy defi ned

by a predgtespiped ggnsraker tgahyﬁﬁrfwl, RANNG 5 27 30T edet @gTiged Weevel  of

sensitivity to puncturing; an ) )
run a 1/2 coding rate and puncture out some coding bits so

as to reach the desired coding rate.) It is also very

15 important to find out which polynomial is the most sensitive
to puncturing (i.e. puncturing its output), which is the
next most sensitive, and so on. Usually the optimum
procedure is to puncture only the output of the least
sensitive polynomial or those of a few of the least

20 sensitive polynomials and leave the others unpunctured.
Also, as a rule of thumb, the outputs of recursive

polynomials should usually be left unpunctured.

The error protection performance of a convolutional
code is greatly improved if the true (or hard) puncturing of
25 the different polynomials of the code is independently
controlled, i.e. if puncturing of each polynomial is
optimized in the design phase of the channel codec
independently of the other polynomials. Likewise,
controlling the so-called soft puncturing on a polynomial-
30 by-polynomial basis further improves the error protection
performance of a convolutional code, but is not provided for
by the prior art, and the mapping of the present invention

provides such control.

-14 -



b) neans (33, 44) for mapping the bits of each sequence of bits to synbol
positions based on the |level of sensitivity of the generator pol ynom al

def i ni ngwhe/eeeptence of bits. 18. A receiving apparatus PEF/IBROGUHIBNg a
sequence of bits 10 encoded for transmi ssion via a transm ssion channel as
synbol s consisting of a plurality of bits, sone of the bit positions of the
synbol s having a higher bit error rate than other bit positions, the
apparatus conprising: a) neans (36, 45), responsive to received synbols,

for 15 dempp%%}gﬁn@m S 40 2 phyral i tye obysg@uesgesyof bits, each

sequence of bits ned by a predetermn ned generator polynom al
havi ng a emosdereatamtiiny do dthegnsier vaxly {Bipunzt uks ngompieedehipBi ng
-based on  the | evel. of:sensitivi rat o o] i defining a 20
reapect | VST R SERCUIAY R R E M B TLAPO fon RS Mgy
responsi \& .t o Thee gtisal atty efcedsuerices pfobidss fhe puopidi ng out puts

-bits usin convpol utional decoder (38 48}. 19. .A.transmitting apparatus as
in Xl ai mj%fﬁcfalﬁet‘ﬁe’rn l%on%rjr‘%idﬁbaérﬁgjn u%%ﬁ?gig) 1?o€19ht%r (Ba$T ngﬁezo. A
recei Vi NGrappriatdishSgs tén cl @ m Wi ci usé hesrnenpymnsbhgineanseé85ng46) for
dei nterl eavj ng.

21. A transmtting, ar.at us i n.clai 19, .wherein_th
Toans. (491 0S ISy TR b TOTHETE: 1o noub PubyiAgteakad o1 Flgo s "
0f2/ OS~| LQ?S RGH Ieraﬂ'£¢§43 fﬁOﬂﬁm@ﬁl@&mtm mig@n?(‘w)c_at othe&apptaders operative
after the neans or inte Vi ng. ) recej ving apparatus_as in
claim ZO,SW%%W%%) mea e(éijﬁgg?’é‘?g‘a%iztﬁ?‘é‘?’?gﬁv‘:hﬁ FgcfiggrngﬁF%EFSQ\/i ng,
angy wher ein(sdhecsmans £45) § cxndereppi 68 Fsgpesf osneHabetheestheadtep

(46) of bit deinter]leaving. 23. Atransm.tt]jng. ap aratus as.in bai m 19,
wher ei n tIRsPHERNCY 3290 SF S 7R PPLAYE n‘@pr#‘?oPﬁ% gyﬁBBI ePﬁPg?Feg tHg, and

wherein the fEaRs(S3ddf 0y Rraxbeing dodBpei BY i(SnoPegat Byeadbokaiage the
means (34) for interleaving. 24." A receiving apparatus as in claim 20,
wher ei n the Fheankn{S5519®r dei nterl eavi ng performs synbol deinterl eaving,

and wherein the neans (36) for demapping is operative after the neans (35)
for deinterled%¢¢@ﬁd1n9 to the invention, the allocations of bits

15 output by different polynomials to bit positions in the
output stream are made according to the order the
polynomials are determined to be important, i.e. determined
to be sensitive to (any) puncturing: the more sensitive, the
more important. In the example given in Fig. 5 and Fig. 6,

20 the order of importance beginning with the most important is
aggumed to be A, B and C. Bits from the most important
polynomial are allocated to the strongest bit positions of
each symbol. When all the bits from the most important
polynomial are so allocated, the allocation continues with

25 the bits from the next mogt important polynomial, and so on,
until the bits from the least important polynomial are
allocated to the weakest bits of the symbols.

Thus, according to the invention, the mapping module 33
(Fig. 3) arranges that the output sequence of the symbol
30 interleaver 34 allocates all the bits from polynomial A to
gtrong bits, i.e. all the bits are assigned positions in the
symbols being transmitted that are less likely to be in

error. Not even soft puncturing is performed for polynomial

~15-



15 25. Atransmtting apparatus as in claim219, wherein, the neans (31, 32,
41, 42) for providing a plurality of sequences of bits using a

convol ut vomat/oamsoder (31, 41) includes, after the convol BCIrgRed/00erscoder
(31, 41), neans (32, 42) for puncturing at |east one of the sequences of
bits in order to 20 fit the at | east one sequence of bits into a

transm ssion channel. 26. Atransmtting apparatus as in claim?25, wherein
the neans for puncturing (32, 42) provides puncturing of each sequence in

an amount { haj, fependse opLpecL gl o1 28; SENSLERVELY, brig poLygom al
defini ng The Sequence.  27. Transm I'ng apparatu PR Eraim ,
wher ei n, dhkoomzed (Slse8lendial4@ymbolsprbecdiing a prropealilyy debigegdences

-of bits usi convol utional _encoder (31, 4 i ncludes, =22

o) e T RS FRRSR R e R IRoT Rk EiRonribeonerieniad 2ra ™) means

{32, 42) jotetplined uevay Braheasttong ségtibatsefuepmbslefl il sepakrateder to

-fit_the at %ga%% one seguence of bits %&ég 8 transm ssion channel. 5 28. A

recei vi ngt ApHArAtERtas #8 Efhi R8I WK n93the neans (37, 38, 47, 48) for

provi ding output hits using a gonvolutional dgcoder g38“ 48) . ncl udes,
Eolér RE

) I
before the contdl thF of%R™H Figg, 64850 hsPPBFEUE S §F i*hSerti ng
bits intomdét | Basdéreagt obol haoneguancasanl Bt ss perZBrmAd,rdnem tid ng
apparatus as in claim 27, further conprising,nea s (34, 43%“%pr
i nterl eaPhys BEPMALREARSRPLYPRGLEPParEEUSSTLIRRIACER We2H, Bifterein t he
nmeans (43josOfibhseiheambngyiBoier 85 Bet ciraheml e@vedngandnthetfies ehe t he
means (44) for providing a mapping is operative 15 _after the gﬁgns (43) for
i nt@r | eavfHECT RTCREEF ARENPEEFREVEPFST AF uSNEs CPRVELHACPGL WPdein the
neans (343pd@ifidlepleambngenerhobrspsyfhohibntenl eaviang, ceng wherein the
means (33) fpr.prOV|d|ng a napplng_ls operative before the neans (34) for
i nt er| eavPPgimbpedofon EhgnyptibdpRdgoBpEaR&M8s as in claim 27, wherein the
means for puncturing (32, 42) provides guncturin of each sequence in an
amount that depehasTdnIt REatBvEP Bid8endi Bidi by &St HEVSHLIBcdSYef i ni ng

the sequepesyidds And¥ebeMbppinhLe!(88S E8NMURILGRLLRAAIGTR] $iRg a base 25
station and a nobile station, whérein either the base station or the nobile
stB%i on | WePRHeSSa(BBandfl tt i ABcapparEras TapPréngisndd nicd caltaidmasy. - 23
demapping modules (36, 45)) are performed after the inverse
interleaving if symbol deinterleaving 35 is performed, and
before the inverse interleaving if bit deinterleaving 46 is
performed. In receiving symbols transmitted according to
20 the invention and deriving from them the bits encoded and
transmitted as the received symbols, a receiver would
"include not only the inverse mappings (36, 45), but also
inverse modules (37, 38, 47, 48) corresponding to the
modules (31, 32, 41, 42) for convolutionally encoding (31,
25 " 41) and puncturing (32, 42), but in the reverse order in
which these operations are performed on the transmitter
gide. (Each operation on the receiver side corresponds to a
respective operation on the transmitter side, and the order
of the operations on the receiver side is the reverse of the
30 order on the transmitter side.) The invention can be
implemented in the mobile station or on the network side. On

the network side, the invention would typically be

-16-



WO 02/ CS~C03 PCT/1 B02/ 011008 34. A systemfor wreless comuni cation,
conprising a base station and a nobile station, wherein either the base
station ovobhes4nasbi |l e station includes a receiving appar aPG¥/1882/09)es8i ned in
claim18. -24 .
.AY5l e. Alh. Alh9. Al & Al .Al9. AU Al .A 9 AI{& Al& A AU AlU Al ?. AI{& .A9. A Al &
A& Al ?. A& A& Al YZyz2gA "iIN co e f

{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

. h,zl=_> .
e o] 4 e TR 5 LGB cRREST BEREirRay AP or SurRERRY) perfortifta) cay cal
ca] ca] ca] clag cehamheh] caditagcahdamepping.

-01H wx%xy} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
FTTON1I T GBNS' " +' " FEREF L] - - -
] ,Ca] cal cajcalcalgal gal calcalgalcal calcalca (W

~600012t oj e [V]ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] caV] ca] ca]ca] ca]ca]ca]ca
] ca] ca] ca] caV] Ea] £8] ea] ea] vaPeaptapdatiet! tR2385¢5556/B6TAPEd<<<<<\ >?2@W?AB

BV D D> | £, - ; ; U
e IR arl ke Sathgphaplen) ool sl epndhation ) el oo

EGGHHHH2| prNIZkpkek &RKLENRNRNCRSOent invention. Numerous modifications

ca] call cal e o o L e 8] R R RO o) araas
T) T* T1 Tg ThiTi Thit)) & Uik LvBY] debeblLXhp] éapralbe] eabps] of] tdlecareskad] ca] cal ¢

alcalcalcalc a C a C al. a SAV[CAVAVA
NS B JoOvE Do REpRRetd Eb BB kRS o] o cal ¢
a) ta] ca] cahch] vajitfj cat taheapod] exraapeathta].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca! bbcxddeeeef fff*i +iil mdin5n<nKn\ nHoqopOppG Hr 1udul u} xsni d_ZI fa\ W] c] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] c™a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] caV]ca]c
aJca] ca] ca]ca]ca] ca

| uyuuuuuuwwwwwwwwxyz{}11}1}} % ~v~- X} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] caV] ca] ca] ca] cal] cal
X ~, L?2dl)dX, {uoje [V]]ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca! 6?2* 1lguz{uoje [V]]ca]ca]c
a] ca] caU] calU] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
]calca]lcal ca]calcalcaYZyzfE 'l m(10%@ @ & () -1 109& ()- YGMLO%&' () -

F109&' ()- 9L& $109& ()- Y+l 10%& ()-nmz2gAi H

#9$109&' ()-bYpl0%&' ()-L, MLO%& ()-, 109 ()-!109% ()-,z10%& ()-Ai zX6! Y5&10%cC
& ()-TIY2S#10%m& () - T& &LO0YD& ()-z! #& &10%&' ()-z! & &109& ()-z! &

&10%&' ()-zJN abco{\=!1109%& ()- &10%& ()- 10 10
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10>109&' () -! N98#10%&' () -!98#109XX&' ()- R i}[9{\=I1$10%& ()-! 9%40%& ()-y!l
%409k ()-y!l S109%&' ()- 109%&k ()-fl0%&k ()-iL@
F[9{\ =! | A0a 04603 ! %4 0%p& ()-S! Yd0%&R' ()-Sz10%&' ()-!! 10% PETIBCYWIPHEL () -
eSA<{\=I1113 10%=& ()- 1, 10%& ()-0
109%& () - +nPd 0% ()-! +nPd 0% () -!#% 0% ()-~_ @!! 1109 ()-"910%& ()-L10%& (
)- 10 10 10y<mlO%& ()-!'Il 3" 10%:& () -
WU3~ @ F-&10%&' ()-!F-&10%& ()-! @" 10%& ()-!%0%<X& ()-S%d0%& ()-S!I[I8
&L0% ()-t%A\:!''DyM 10% ()-&& 109% ()- 10 10
10f L<109@&hat- s g laigead &) - | F- &10%&' () -2, RMX6{\:!! @%0%I zI & ()-!*10%&' (
)-1940%& ()-!%d0%u& ()-!'%d0%k ()-!'@yM 10%&' ()-R wxMB7!! 10 10
-10@&<I 109%& ()-'tl + 109%& ()-!kl + 10%& ()-!l + 109& ()-! @%O0%& ()-
" #} [ OMBA Y PS&EGIRd Rfy #roetingy & Cpapense pf18dEs( Forsfransmission
M I10%& ()P O s HAUR Ot a5 EyRBOYs! boh3%:i¥ OF- o

plurality of bits, some of the bit positions of the symbols
5 having a higher bit error rate than other bit positions, the

method comprising:

a) a step (31, 32, 41, 42) of providing a plurality of

gequences of bits using a convolutional encoder (31, 41), in

regsponse to a sequence of input bits, each sequence of bits
10 being defined by a predetermined generator polynomial having

a predetermined level of sensitivity to puncturing; and

b) a step (33, 44) of mapping the bits of each sequence of
bits to symbol positions based on the level of sensitivity

of the generator polynomial defining the sequence of bits.

15 2. A method of decoding a sequence of bits encoded for
transmigsion via a transmission channel as symbols consisting
of a plurality of bitsg, some of the bit positions of the
symbols having a higher bit error rate than other bit

positions, the method comprising:

20 a) a step (36, 45), responsive to received symbols, of
demapping the symbols back to a plurality of sequences of
bits, each sequence of bits being defined by a predetermined
generator polynomial having a predetermined level of
sensitivity to puncturing, the demapping based on the level

25 of sensitivity of a generator polynomial defining a

respective one of the sequences of bits; and

b) a step (37, 38, 47, 48), responsive to the plurality of
sequences of bits, of providing outputs bits using a

convolutional decoder (38 48).
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10S<10%&' ()-!t&L0%& ()-y#! K&LOY&R' ()-y#!\&10%z& ()-y#+ ' (W (!)a2dY:!!

11 LS10%40 (0/054FB0YR () - LYA0%R' ()-3 109 ()-!; 1 yM 109& ( PCT/IB02/00008

1109 ()-@) D _**9++X, zX6dY: ! 1 tly, &10%&' ()-! Y&10%&' ()-! YR10%&R' ()-!! F10%&' ()
-gL$10%U& ()--!L$10%&R' ()-- X, -L------ wWi[M!Itly, &0% 10 10 10 !al 7$10%
& ()-117$10%&' ()-!ly, &10%&' ()-!fly, &10%&' ()--../!1000}[<M !!ts10%& ()-!19%0
WTIT& ()-19%0% 1 & ()-!plt' 109 ()-!109%& ()-S&LO%R' ()-0511#2233zX9M !! &$%
0%& () -fJ &$UL QU f1 &% () ~f SH L) W& ()t &S¥0%u& () -
{3405\ Buk oy SoUTLER Aoty euThe (1 o oo (e Ghebl (50N O
10L<10%& 43)- 'dfyimtedllegvindg.| Y1' 10%6&8, () - 56267789zX6{\ =!!| &Y 0%’ ()-! &Yd0%&
S O)-1{1y&10%z& ()-!tl1y&L0%& ()-'yly&10% & ()-10%& ()-z9:;
<<<<<<zodY7!!1y910%&' ()- 10 10

10y &<nil 0% ()A methrgh@s in lclaigwsy & furthesd ouRor ) sdas\ 5>3@ERp <a¥7! ! 1 | 109&'

() - 0% 4y | SRR e HSAPYE ()-

5 5. A method as in claim 3, wherein the interleaving (43) is
bit interleaving, and wherein the step (44) of providing a

mapping is performed after the step (43) of bit interleaving.

6. A method as in claim 4, wherein the deinterleaving (46)
is bit deinterleaving, and wherein the step (45) of demapping

10 is performed before the step (46) of bit deinterleaving.

7. A method as in claim 3, wherein the interleaving (34) is
symbol interleaving, and wherein the step (33) of providing a
mapping is performed before the step (34) of symbol

interleaving.

15 8. A method as in claim 4, wherein the deinterleaving (35)
is symbol deinterleaving, and wherein the step (36) of
demapping is performed after the step (35) of symbol

deinterleaving.

9. A method as in claim 3, wherein, in the step (31, 32, 41,
20 42) of providing a plurality of sequences of bits using a
convolutional encoder (31, 41), at least one of the sequences
of bits are punctured (32, 42) after using the convolutional
encoder (31, 41) in order to fit the at least one sequence of

bits into a transmission channel.

25 10. A method as in claim 9, wherein the amount of puncturing
(32, 42) of each sequence depends on the level of sensitivity

of the polynomial defining the sequence.
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D, D- D. D/ Dw@hD§ads03 | " &109&' ()-9109%&' ()- 10 10 109<| 10%& () PCIOBRIDOE () -

| 80- &10% t & () -

VD3EEK FKGTHHWUB{ \ =! &109& () - S! 2&10%z& () - S! &10%iu& () - S! &10%&' ()-S'\ys' 10%
& ()-g!lys' 10%& ()-gHH2I el NJJ7KzX6{\=!'! "1 3" 10%*& ()-g!l 3' 109RR& ()-g! (1, $1
0%uu& ()-'1, $10%uu& ()-*

1098 () -1/ 10%& KsK=K=K2KNKC KKLb @ L LAt 10%8L) -
o 8_§,1&10 ngt}%éléé&ﬁa éi'%lgn{fg @rlorilt ' 10%80E) s¥Ep (31, 32,

10<109%&' (91 L 4A)NCKOrRPOr @y a &110%l/i&y( pfubkeguenowes of bits using a

L& () - u$. 10%& () -1yl t-10%

& ()-1al tc%&eﬁl‘)u(t)l}éngllt CH5P3eE (1 o0 ARIRFRWRREEE- O] OFs FIGo@ I SPTE8&: () - s
10%&fgg-gfgﬁﬁﬂxﬂﬁﬂfg?gn@%fksﬁ.ﬂ@%& @2)uBSESSSTEINGdEhe@bnyvolut ional
.10%&' () - 910%& () - 5! 109%&’ . ( ).- .

1098 () - V8 (§3—1u1 2 O CFPRBUG- 0 thd PEedEB5E: St FERITRCT) Oy 100
" () - S!'t h&dD%E (yecSld ARk (e 5% AMtinEl-. S~ VW, W\IMXbX =~ @ ! |

3 10%<& ()-2! Y3' 10%' ()-2z110% ()- &O$10%& ()-y9-S

1098 () - S! ~894.0%&: () - f bXgXhXi Xj Xy>XXXUYb@ ! !~ ! ki
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10 at least one of the sequences of bits before using the

convolutional decoder (38, 48).

13. A method as in claim 11, further comprising a step (34,

43) of interleaving.

14. A method as in claim 13, wherein the interleaving (43)
15 is bit interleaving, and wherein the step (44) of providing a

mapping is performed after the step (43) of bit interleaving.

15. A method as in claim 13, wherein the interleaving (34)
is symbol interleaving, and wherein the step (33) of
providing a mapping is performed before the step (34) of

20 symbol interleaving.

16. A method as in claim 11, wherein the amount of
puncturing (32, 42) of each sequence depends on the level of

sensitivity of the polynomial defining the sequence.

17. A transmitting apparatus for encoding a sequence of bits
25 for transmission via a transmission channel as symbols

consisting of a plurality of bits, some of the bit positions

of the symbols having a higher bit error rate than other bit

positions, the apparatus comprising:
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response to a sequence of input bits, each sequence of bits

being defined by a predetermined generator polynomial having

5 a predetermined level of sensitivity to puncturing; and

b) means (33, 44) for mapping the bits of each sequence of
bits to symbol positions based on the level of sensitivity

of the generator polynomial defining the sequence of bits.

18. A receiving apparatus for decoding a sequence of bits
10 encoded for transmission via a transmission channel as

symbols consisting of a plurality of bits, some of the bit

positions of the symbols having a higher bit erxror rate than

other bit positions, the apparatus comprising:

a) means (36, 45), responsive to received symbols, for

15 demapping the symbols back to a plurality of sequences of
bits, each sequence of bits being defined by a predetermined
generator polynomial having a predetermined level of
sensitivity to puncturing, the demapping based on the level
of sengitivity of a generator polynomial defining a

20 respective one of the sequences of bits; and

b) means (37, 38, 47, 48), responsive to the plurality of
sequences of bits, for providing outputs bits using a

convolutional decoder (38 48).

19. A transmitting apparatus as in claim 17, further

25 comprising means (34, 43) for interleaving.

20. A receiving apparatus as in claim 18, further comprising

means (35, 46) for deinterleaving.

21. A transmitting apparatus as in claim 19, wherein the

means (43) for interleaving performs bit interleaving, and
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22. A receiving apparatusg as in claim 20, wherein the means

(46) for deinterleaving is bit deinterleaving, and wherein
5 the means (45) for demapping is performed before the step

(46) of bit deinterleaving.

23. A transmitting apparatus as in claim 19, wherein the.
means (34) for interleaving performs symbol interleaving, and
wherein the means (33) for providing a mapping is operative

10 before the means (34) for interleaving.

24. A receiving apparatus as in claim 20, wherein the means
(35) for deinterleaving performs symbol deinterleaving, and
wherein the means (36) for demapping is operative after the

means (35) for deinterleaving.

15 25. A transmitting apparatus as in claim 19, wherein, the
means (31, 32, 41, 42) for providing a plurality of sequences
of bits using a convolutional encoder (31, 41) includes,
after the convolutional encoder (31, 41), means (32, 42) for
puncturing at least one of the sequences of bits in order to

20 fit the at least one sequence of bits into a transmission

channel.

26. A transmitting apparatus as in claim 25, wherein the
means for puncturing (32, 42) provides puncturing of each
sequence in an amount that depends on the level of

25 sensitivity of the polynomial defining the sequence.

27. A transmitting apparatus as in claim 17, wherein, the
means (31, 32, 41, 42) for providing a plurality of sequences

of bits using a convolutional encoder (31, 41) includes,
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5 28. A receiving apparatus as in claim 18, wherein, the means

(37, 38, 47, 48) for providing output bits using a
convolutional decoder (38, 48) includes, before the
convolutional decoder (38, 48), means (37, 47) for inserting

bits into at least one of the sequences of bits.

10 29, A transmitting apparatus as in claim 27, further

comprising means (34, 43) for interleaving.

30. A transmitting apparatus as in claim 29, wherein the
means (43) for interleaving performs bit interleaving, and
wherein the means (44) for providing a mapping is operative

15 after the means (43) for interleaving.

31. A transmitting apparatus as in claim 29, wherein the
means (34) for interleaving performs symbol interleaving, and
wherein the means (33) for providing a mapping is operative

before the means (34) for interleaving.

20 32. A transmitting apparatus as in claim 27, wherein the
means for puncturing (32, 42) provides puncturing of each
sequence in an amount that depends on the level of

sengitivity of the polynomial defining the sequence.

33. A system for wireless communication, comprising a base
25 station and a mobile station, wherein either the base
station or the mobile station includes a transmitting

apparatus as claimed in claim 17.
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