06 JUL 2005 METHOD AND SYSTEM FOR ALLOCATING CCNVOLUTIONAL ENCODED BITS

1 NTO 'SYMBOLS BEFORE MODULATI ON Fl ELD OF THE | NVENTI ON 5

invention relates to cellular telecommunications, and re partlcularly to
channel coding for speech paraneters based on convol utional codes.
BACKGROUND OF THE I NVENTION In a nodern cellular system sone nodul ation
schenes 10 are used to transmt several bits at atine, i.e. as a single
synbol, as in for exanple the 8-PSK nodulation anticipated to be used in
the forthcom ng EDGE, i.e. Enhanced Data rates for the G obal Systemfor
Mobi | e  CMEFHRD: ANDD i STEBMF AR GILHGEHT ING eCUISeOLTT SOMAL NEMcdBED oBT TS

Gifrerent bits of a symbotOrsrmeGhipPaFORR MIBBRAA T °3. Pk modul ati on

~designed for EDGE, there are three bits transmtted in every synbol (see

. ETSI (European Tel ecomunications Standards Institute) specification GSM
20 05.04, section 3.2, explaining that nodul ating bits are Gay mapped in

groups of three to 8PSK synmbofsrpasdeidenbidriegror rate (BER) for one of
the bits is approximately double conpared to the BER for each of the other

(wosbits. |0 AANEASLenCSM UL LR Yo HSES1 D Sa19ghled GMBK (Gaussian 29

m ni mum shi ft keylng) nDd at1on schene reonlly one"bit is transmtted
~ per synbcﬂela?faﬁfﬁ@mhciﬂh%om dnd macd paetituddriit $of shhhaelaredifn

opti mum gQgle ) a_system RS M. t|n several bits per
synmbol nust t ke |nﬁé d%@%g £ egu%égéné &H & ®Fer 30 synbol

modul ati on schenes because in formard error correctlon codi ng, involving

c?nvolutlonal encodi ng, the BACKGROUND OF THE TNVENTION

In a modern cellular system, some modulation écheﬁes
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 forthcominj EDGE, i.e.
Enhanced Data rates for the Global System for Mobile
Communications (GSM) Evolution. The use of such modulaﬁion
15 schemes typically resultsrin-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 transmittinglséveral bits per symboi
must take into account the uneven BER in multi-bit per .
30 symbol modulation schemes bééausg in_ﬁofward'error
correction coding, involving convolutional.encodingr'the
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-1 0 6 JUL 2005 bits of the convol utional encoded bit streamdo not have

even error resilience, i.e. errors in sonme bits are m)raﬁ Q}Ut'w t han
errors occurring in other bits. Special attention should be focClSed on
designing a 5 proper interleaver for the codec of such a system There are
mai nly 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
interleavegr, 10 interleaves_an entire bit sequence on bit-per-bit basis. |If
a synbol ﬁF%r?ﬁa%%gca%‘é%ﬁtmnage@pqqd@demwatreamsdommai Heame to be

processedeqef OcEtdg +8s$PMBLALYOLI Lhm, . hefore ts{b?n% lrg&rgsl eaver in order to
in

enhance the, error protection perfornance by ¢contto tHe di9%tat i on of

the 15 bi FE1FHED! siyldde| srronst hecortrdmnghdmd otifera Hiits j nt er | eavi ng  desi gn

Is used, a simlar or the sanme algorithmwould again be used, but it would
act on the bit3eFr2t aheenhien| shoeild ben fpdusrediidn sysd RIFLDA a

congol uti nGededh ossl.b punct ured bit..sequence (a hit sequence
wher e sone %lepf t he %??%P gé Ile:g‘et %é)%ﬁﬁn@%ursé’(f}bi"’\ FY - pbedifTenoved)

i s interl|¥S R PehOreveodundsi ofi, iateshewrern disggm:l a2, The

I nterl eavy Log. | Ital. when convql utiqnal codes , are used, because
such codejéﬁ]%?e geﬁ%n@%éf%gc%%g %FV“'&AOEh:"nFEE VET Slesight tHeir

per f or man@¥nkizk rigdsesl ereent inabryedbekl siiDaW, 0k YimPWiat Bbitand if
interlea@égbﬂé? ttémggg. Ig%gr#egving ensures _that consecutive bits are
not sent in the sane radto puret LAGSEREs.t WRdlfeirghidr iimratileavier the
coh¥ol ut i bHrlercotehs espiehce Bie BBYLBBLLY ovePakatRd-_ it hgy the burst -
before transm ssion (see ETSI specification ) _3

If a symbol interleaving design is used, the encoded
bits would have to be processed according to some algorithm,
before the interleaver in order to enhance the erroxr
protection performance by controlling the allocation of the

15 bits into symbols. oOn the other hand, if a bit interleaving
design is used, a similar or thé 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 sequence 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 if 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
Wiﬁhin the burst before transmission [see ETSI specification
30 GSM'05.03]- Thus,'interleaving tends to ensure that érrﬁrs
occurring’in a transmission channel will be;distributé&‘ééi"”

~evenly as possible over each entire encoded speech frame,” : 777 7

~92.




30 GSNIOS.OS]'ThuS |nterIeaV|ng tends to ensure that errors OCcurring I n
‘a transmi ssion channel will be distributed as evenly asAPgiﬁgfl ver each
entire encoded speech frane, -2 0 6 JUL 2005 10 i.e. appear
to be randomy distributed, not bursty. Interleaving is a very connnn and
powerful way to inprove error protection performance because npbst codes
are designed to be robust against randomy distributed errors, not bursty
errors. According to the prior art, however, the same kind of interleaving

Buf when using

is typicall rdle of the d atlon

nodul at i gLn %cherres ere "F‘rstls‘L R gg‘BEa i ???QO‘F@Y gaEhThPHERHL hRAta
synbol i dusttyeyerintteied edvitef | Bava ngepy0codos shAUbOwReradapsedeso take
into acgpipt the uneven hit error rate. One sjtuation where the need to

take into &ccount THE W? REFEPIPARES| Reraraganpstscpaea ayet em

using 8- EﬁﬁlgnﬂﬂﬂﬁﬁIhﬁ1ﬁbﬁuﬁﬂ“ﬁgﬂﬂﬁ$t|§&ﬁﬁoﬁ?§UH@EtQ@bﬁEQ@"E}rOQ§ Vhen
u3|ng a nD u ati n schene transmtting N bits per synbol, obviously the

Bit sy 5§H5Bﬁ§tructed from the bit sequence before nodul ation
known N-bit serial-to-parallel conversion is used.

To do so, he veﬁxﬁre

As illustrated9 99 tp dhe Pricwnoute haweeeT or Filagsane Kindobi t

seri al -t anparald=ai RE RS 15] ¢ Qedd eofl r

synbol int rleaveﬁl%ﬁ IS 3%26 (Fﬁg ?q€%%£9&?e%$ ? Eﬁ%té§§ggégéénf a bit
i nt er| eaV&PNE - s Htedhem gisimg m piion sghemes uvhenewhbe eether

conver si eirolabiRardyorEERd e i it & it ; ﬂ“ée%ﬁé’é{r SngEsElLRe ETSI 25
speC|f|cat|on GSM 05. 03 (which sets ou% I n % ct £rab n%? 8€é8 dthg
interleaving procedure should be adapted to take into

11
: account the uneven bit error rate.

One situation where the need to take into account the
uneven bit error rate is relevant is in a system using 8-PSK

modulation (or any multi-level modulation scheme).

15 When using a modulation scheme transmitting N bits per
symbol, obviously the N-bit symbols must be constructed from
the bit sequence before modulation. To do s0, the very well
known N-bit serial-to-parallel conversion is used. As
illustrated in Figs. 1 and 2, a module 13 performing the N-

20 bit serial-to-parallel conversion is located before the
interleaver if a symbol interleaver 14 is used (Fig. 1)}, and
after the interleaver if a bit interleaver 24 is used‘(Fig.
2} . The prior art solution where the conversion is
performed after the bit interleaver is described in ETSI

25 specification GSM 05.03 (which sets out in sections 3.11
through 3.13, channel coding for ECSD data channels, i.e.
Enhanced Circuit Switched Data, an EDGE version of HSCSD
(High Speed Circuit Switched Data) in that ECSD is HSCSD
with GMSK quulation changed to 8PSK modulation) .

30 Fig. & illustrates the operation of a prior art system’
where a symbol interleaver is- used and serial-to- parallel-""”*'

conver51on is located after the 1nterleaver (as in Fig. " 1).
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t hrough 3.13, channel coding for ECSD data channels, i.e. Enhanced Crcuit ™
Switched Data, an EDGE version of HSCSD (H gh Speed G rcujit Swi tched Data)
in that ECSD is HSCSD w th GvBSK nodul ati on changed to 8P5é<5r’rdﬂlhl£m50n)

30 Fig. 5 illustrates the operation of a'prior art system where a syrrbol
interleaver is used and serial-to-parallel' conversion is |ocated after
the interleaver (as in Fig:"1)'. -3 0 6 JUL 2005 In the exanple illustrated
in Fig. 5, a l/3 rate punctured convol utional code is used with 8-PSK
nodul atlg &glblts/s nmbo] ). No special actions are taken to control the

al | ocati oft &% EARPIIRAS ugiedided BhdFp@inchur8d1hBt zatket pubcthred- bi t

synbol s. cEhecaeRSigrat %@é/f@'ésé&%{@ﬁ 4 Dbt g ui&ﬁ’%b | nterl eaver,

whi ch can_be based_on a bl ock diagona brt nter eaver (as set out in for
exanpl e &3RES/EyPbolindi Nedsperiat ex¢ehvas sgnbotakensteadontrslngh@ bits.

If a SynﬁQhob%EQBEP%ﬁe dﬁ%&fﬁ%&%ﬂ%i:éﬁgg e 5 guncgﬂréaog g?dgﬁgob|t

guar ant ee_opt i mal | nterl eavi ng a e sy
l'evel , abhEae-bétssambfalem Fithe &om&ﬂrmt@@nsﬁahblseabet Sefir 08 the

punctur| BOERIUL Q car Alsm tte t.he sanme_synbol . _Such_a system | eads
to nmore burstg éL?lrt%rrg ‘decrb qﬁg %It’al?%sb% g hacBnbbPEKi 87a8CRade; and
hence 15belécn@$;§ef§.etalwmr¢ax gEtot@ct i om mrf@xﬁrfapmg ebmt bs.c9de. Such a
pr obl em usin jnterl r.. The main

non- optlﬂgﬁiégggf %%hlinter eaa‘f‘? %@%&‘?bg PR f‘é tSingte| bieses not
control the a&lfogat elncoded bits froma given generator

pol ynonial to"a §iveén p S|Jtrll erF RVSH t1 isedyiboR fYEtams f Brenprier

pd8i ti onarwi thies gimaxsawﬂaﬁ d;ﬂyﬁnadl fif:ﬁi’ﬁl_te@d}i@(_{] PE OpRBI gy&‘b@ lé§e15 =
usual |y bﬁE“%}; Tl%l S o nl1 i s described below in nore detail A
t a he evel, as can be seen from Fig. 5, where
consecutive bits from a puncturing module are transmitted in
the same symbol. Such a system leads to more bursty errors
for Qecoding states of the convolutional code, and hence
15 decreases the error protection performance of the code.

Such a problem does not occur when using a bit interleaver.

The main non—optimaiity of the prior art relates to the
fact that it does not control the allocation of the encoded
bits from a given generator polynomial to a given position

20 within a symbol (if different bit positions within the
symbol have different error probabilities, as is usually

true). This problem is described below in more detail.

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 vate R= 1/2 encoder (2 output bits for every
ipput bit}, showing three delay elements 11la 111b 1llc, 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 possible to moré concisely describe an-encoder "¢ ¢
than by providing a connection diagram. One more conc1se.'”.
specification can be -given by stating .the values of-n; k

and the so-called constraint length K (defined in dlfferent
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“"A convol utional encoder, which is usually inplenmented as @ﬁfﬁiit reg
‘can be conpl etely described by a 25 connection diagram su Q
connection diagram 110 of Fig. 1A for a rate R= 1/2 encoder (2 output bits
for every input bit), showing three delay elements 111a 111b 111c, and
two adders 112 114. The code rate Ris in general witten as k/n
i ndi cating that the encoder maps a k-tuple to an n 30 tuple. It is possible
to nore concisely describe an encoder than by providing a connection
di agram One nore conC|se specification _can be given by stating the

val ues oaYF, RuChaag the swumbs IJéﬁf@U&gﬂﬁﬁﬁnthﬁﬁmﬁﬁf¢©¥ckh¢ned in
di ff er enfForthat@aps, ofUeR -aS L@% 9{ %ﬂﬁ§y t hatgaf
formation of each n- tupFe ghrlng enco ng) + % encoder %ﬁg?derlA

n=2, k=1°fafdgxk=3A. ARoRhek=day ans e 3gi vé\l'ldtéleladtﬁar m)mrecglmsthen t he
form of 4@ELOT 8oRheBlABHA! Oy %&O'ﬂe%mo? Ve Yrs’%rgpie%gﬁ%fate 1/2 code

of Fig. he generator vectors
eqhi val eﬁ?ﬂynom@ﬁésgené'pat @Pcapmilyinomfml sragle( ﬁ)/&z:bdél_ @i OF G2 X) 2= et 1,

wher e x Ies

sanpl es ela QgFgSEB Hﬁ?@ éﬁan%?e 8P t He eggégéroFlF@ggyﬁigﬂyix'Fig; 5,
15 the cbbe ganer@torh901&®OGQHMQiqhﬂﬂmak?emdm anfichebx) Pexfiact whedid h t he
nunber o e t t i one. ynbol nanely th I|n .t he

al | ocat i %na(g)'f tgl}e aﬁg&bi ts frlé‘}% 5% Gén S0 di‘%lrﬁ%n 21[54) l@?rtal n

posi ti ontwbt bBempéachdeftrgnsitict.tied synbol, and specifically, allocating the

output bits fromcertain polynomals to strong bit positions and
alfocating t hénobthpuexhbimpd eofofotther ep@iodanmiidludtrawek bhtrFrigosstions. (In

8- PSK anHEanae r30& bltt%yt y 1@3%v&1&%10nal code matches )
perfectly with the number of the bits sent in one symbol,
namely three, enabling the allocation of all the bits from
one generator polynomial to a certain position within each

15 transmitted symbol, and specifically, allocating the output
bits from certain polynomials to strong bit positions and
allocating the output bits of other polynomials to weak bit
positions. (In 8-PSK modulation, one bit out of the three
bits of each symbol has twice the bit error xrate as the

20 ot@er 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 output bits 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 poiynomial 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 thé
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bits of each synbol has twice the bit“error rate as the 20 other two bits. "
The bit with the higher bit error rate is terned the weakgphit, h and t'he
other two are called strong bits.) However, if there is anaidw I ng
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 output bits of the polynom als of the encoder nmust be nmade using a
nore advanced algorithm It can be seen that at the start of the

al location, the bits frompolynomals A and B are allocated to strong bit
posi t i on§edghi kedsiuse fodmrpetiaiesri Al a1l aB eial thiat edainpl 30aneakopit

posi ti ong; +d unct.yri sone bits rom polynomals A and B
are |at er%egﬂlgﬁ\(ﬁé%re& 1 t)éq:mrlté%goﬁirf t%b%;%?%ﬁ@%s%?ﬁhc gnﬁﬁg‘mh%ngeWaﬁt ed.
The uni npeddedmialll deatsennsi triadiices theapre@rbgoraeeying satf expaasevaf the
-5 06 JUL. ode, be se polyngmals A and Bin this exanple are nore
sens!t!vglggggﬁ%§%§ﬁr1Qﬁi&%léhﬁﬁ%éﬁﬁcﬁﬁ@%aﬁﬁﬁpleV%élﬁ@ra§159%IVh@ﬁiaI is
SeBsi i vehies rianar ol the CRUFMIING: U2 EXEGAS] ¥8osShBY! AhLEASERE NARLEDAL the
code does no

sane prob%eg} | so arises when 5 the rate of the convol utional

mat ch t h& niibh&r ToPhittensrifdad A% ere eaveobnk synbol .) Wat is needed
Is an algorith in the case of convolutional encoders that transmt

mul tiple bits 1S Fsed gs sepakaerithn otat thg casebpfs out put by

cach 10 pobyeaniclonsll Sielbc-LIABICT - Knd Dendh L 51 ENb; pSpLLONS W Lhin

a transm tted_synbol, an algorithmthat takes Into ~account e different
error pr8BEECIt FOT Sepegrat@i @ldmcatiing e sbyaboutpubvbyedath such an

emooder, pslyasridl 0P ED W SldMHe P ELESILRD &ff£8£gﬁgcﬁogit&gﬁsenCOdeF)
within a transmitted symbol, an algorithm that takes into i
account the different error probabilities of the different
bits of a symwbol provided by such an encoder, so as to

improve the error protection performance of the encoder.

15 . DISCLOSURE OF INVENTION

Accordingly, in a first aspect of the invention, a
method is provided for encoding a sequence of bits for
transmission via a transmission channel as symbols
consisting of a plurality of bits, some of the bit positions

20 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

25 . polynomial having a predetermined level of sensitivity to
puncturing; and a step of mapping the bits of each seqguence
of bits to symbol positions based on the level of
sensitivity of the generator polynomial defining‘the.
sequence of bits. |

30 - In accord with theafirst”aspect of the’ invention, - th&
method wmay élso.include—a_step of interleaving. PFurther,- -
the interleaving may be bit interleaving, and the”Stepiof

o




invention,.a nethod is provided for encoding a sequence 31; E tzg%or
transm ssion via a transm ssion channel as synbol s consp # E 052
plurality of bits, sonme of the bit positions 20 of the synbols having a
hi gher bit error rate than other bit positions, the nethod including: a
step of providing a plurality of sequences of bits using a convol utional
encoder, in response to a sequence of input bits, each sequence of bits
bei ng defined by a predeterm ned generator 25 polynom al having a

pr edet er TR 2 JraRRHBE t FaVt et perfonuedr afigerantiea steppoff birmppi ng
the bits Sacd)y enc | S ol. Lktions based. on th evel
of sensifﬁ%ﬁty of the g@%%?%?%#5%3?§h0§$§|Lﬁgg?%Fﬁﬁl emageaﬁeﬁEEESh bits.
30 I n accgteemheaving, fardt thepeteépodbft heovhdénygi anmapbingneafoBemay al so

I ncl ude 130t vi ng.. Eurther, " he_interl eaving may be bit
Pnterlea&*%gsﬂandifééﬁé%ggt%g BT %EJmeEBgSIBksgﬁﬁﬁﬂénﬁ‘napping may be
perd or med aft . St of .bit,..ipnterLeaving. Alternatively, the

i nt%rl eavi ng %[n}yé%gllzy%%?rdi‘ﬁ%%]?l \7 %ﬁrs ngSPﬁggngps:bfa EJ%H?PHFﬁﬁ'a
nappigg mHytw@:igﬂﬂcmfmmk@ei@?ﬁgLhepsﬁfalQtyswﬁbgbqﬁéh@ébeaf}Bgts5_Q!50 in
accord wi.th | rst _Aaspect the_invention, in the step of providing a
pIuraIitih%?kggﬁdgﬁgggf%§h%$?g eRSPAST a @5n£8?§Fi8ﬁ§lOgnEBBe??q&?nFéﬁst one
of the serfudnides mayf I tsum@yubed papestrediadt eheusbagolieispaYo! Uti onal
encoder in order to fiéﬁ%he a%.leggt one_sequence of bits 10 into a

transmi ssion channel S*¢r ther -1t nelgndbintegft one sequence of bits

_}10 into a transmission channel. Further, the amount of

" 15 DI SCLOSURE OF | NVENTION Accordingly, in a first aspect of the

puncturing of each sequence wmay depend on the level of

sensitivity of the polynomial defining the sequence.

Also in accord with the first aspect of the invention,

in the step of providing a plurality of sequences of bits

15 using a convolutional encoder, at least one of the sequences
of bits may be punctured_after using the convolutional
encoder in order to fit the at least one sequence of bits
into a transmission channel, and the amount of puncturing of
each sequence may depend on the level of sensitivity of the

20 polynomial defining the sequence. Further, the wmethod may
also include a step of interleaving. Also further, the
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 wmapping 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 cf a plurality of bits, some of the bit positions
oﬁ the symbols having a higher bit error rate than othér bit
positions, the method including steps that are tﬁe'in§e£Se

of the steps performed in encoding a sequence of bits
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- puncturing of each sequence may depend on the |evel of S'ﬁfiti'i/i'ty of the
pol ynom al defining the sequence. Also in accord with the rdliL, 28ipct of
the invention, in the step of providing a plurality of sequences of bits
15 using a convol uti onal encoder, at |east one of the sequences of bits
may be punctured after using the convolutional encoder in order to fit the
at | east one sequence of bits into a transm ssion channel, and the anount
of puncturing of each sequence nay depend on the |evel of sensitivity of
the 20 pol ynoni al defining the sequence. Further, the nethod may al so
i ncl ude REFVPIGH itn direaldngt Aspect urfhehe fheentaber,| ead dg may be bit
I nterl eay ; t . providin mappi ng, may be .per.forned after
"~ the step\ﬂof%%bjiC?ﬁ%i]{l'?L glrc?letgt%r%'. %I %\'e[%ﬁat ?3%?%@??’1'8 Fﬁ't %?Féaal fef?g may be
synbol 2%ynhadd.ead nipmapmind etlsé epyobobs obadkngoaanpiipirad ingy olfe '
perfornme tep of synbol interleaving. |n.,a secaond aspect of the
invent i o%&gje?r{e%]éb%%l Zble%i'ov?%‘)é(la ?%W%E%d?ﬁ&égge ﬁéﬁ‘@e%ﬁ%lﬂiegsgé’n@oded ‘
f?)rS ]t_rams:rﬁcag:@anmmiai agéﬁafbﬁm:ls;_s}bﬁnyﬁbﬁpﬂﬁlha&fiﬁg‘ghob&r?%@lt%Qﬁih_éﬁi ng of a
pluralit its, sone of the bit positions  of the synbols having a
hi gher bi eq'Ieerlr @rts rsf‘tnéc’qtecﬂavr?t&f He? B‘i“gc':‘ﬁ’c‘%ﬁ‘?i ohie HREARBLRGI PRRERUBENg st eps
that are tiee liewdr @ sandiieisiepser PLrfendedrbp pRLOALIG a2 SeGYERGE Of
bits -7 according to the fiést aspect of the invention, and in parficular

i ncl udi n§ FHEF e Pt St Pedeeness efBbEs; snrddengbsPmg t he

synbol s h&apdisigreplos allid o RiraSLayessesefheRil s, oeaghrgeduence of bits
bei ng defi ned.cp.y a S%edet er m ned, gener at or fol ynom al having a
prédet er ARG NG, QUtRutse RIS WEing A peeRYel rEdonahe dgeresdi-ng based on‘»}

the | evel of sensitiuvi tal of a generator polynom al defining
in a third aspect of the invention, a transmitting

apparatus is provided for encoding a segquence of bits for
transmission via a transmission channel as symbols
consisting of a plurality of bits, some of the bit positions
15 of the symbols having a higher bit error rate than other bit
positions, the apparatus includiﬁg: means for 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
20 polynomial having a predetermined level of sensitivity to
puncturing; and means for mapping the bits of each seguence
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 interlieaving may
perform bit interleaving, and the wmeans for mapping may be
operative aftexr the means for interleaving. Alternatively,

3¢ the means for interleaving may perform symbol interleaving,
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

: .




a respective one of the sequences of bits; and a step,f‘pﬁfgﬁ@:b . to the
‘plurality of sequences of bits, of 10 providing outputs Hi 'W@ a

convol utional decoder. 1In a third aspect of the invention, a transmtting
apparatus is provided for encoding a sequence of bits for transm ssion via
a transm Ssion channel as synbols consisting of a plurality of bits, sone
of the bit positions 15 of the synbols having a higher bit error rate than
ot her bit positions, the apparatus including: nmeans for providing a
plurality_ of iﬁguenc s of hits using a convol utional encoder, in response

to a seqtBRYEBFIPHALt SHFPEeTe Y inGiiidRe it (1 rovebitirrrby a
predet er ahbedeggnaban@ £3¢ PARHIRPBlg NAYi ks %I@%@r%@eg?&@@%eg f
of “each sequence

sensitivity to puncturing;, and nmeans for mapping the bits
of bits PS5 BpkBoln pEseri &fs fids ddomt Heasty dnefsequenceiof thits the

gener at 0nPel ¥NeFLALHASLIBHNGHRMC S WRI AP ndlAS £32 bladCGPI W L the
third aspect of the invention, the ‘transmtting apparatus may also include
neans foPaYi REENEEgy PHgctpaingeof grchessamdore | in eah eandwnt neyat per f or m
bit inte Elalo - Ta 1 BN § ansg f TP ratjve, after the
means fo{}élﬁg%&grgl ggv?%ge. ﬁ,%\Ivtggr n%;ft is\% Yy, R}Olr‘%ﬁgga%/m%ges é)%fw?ér’\‘tuerjfeavi ng may
per f or m @¢fbbingntbel ssauggce.and the means for providing a mapping may be
operative before the means for interleaving. Also further, the means for
provi di ng a pRdpal iny astosdquendestef il usiperta o8 e JLhvedbon,

convel GBsheaNEOPSE. Ehb e, LS ALY SEVELIAE opepseger o

a}OIeastu@hagsquenwelutibhai encoder may include, after the

| convolutional encoder, means for puncturing at least one of
ﬁhe sequences of bits in order to fit the at least one‘
sequence of bits into a transmission channel . Fﬁrther, the
transmitting apparatus may also include means for

i5 intefleaving. 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 interléaving 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

sensitivity of the polynomial defining the sequence.

In a fourth aspect of the invention, a receiving

25 apparatus is provided foxr 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 positions, the apparatus including means for

30 performing the inverse of the operations performed in
encoding a sequence of bits accordihg_to the first oxr third
aspect of the invention, and in particular including:-meaﬁs,

responsive to received symbols, for demapping the symbols

-9-




“into a transmission channel, and the neans for. puncturing .rmy

ProOVILL :
puncturing of each sequence in an anount that depends ondﬂge-éﬁvei of .
sensitivity of the polynom al defining the sequence. Als Ond cdfiig with
the third aspect of the invention, the nmeans for providing a plurality of
sequences of bits 10 using a convol utional encoder may include, after the
convol utional 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 ssion channel. Further, the transmtting apparatus may al so include
means f o2 itq & IRkl cFwf heequentes ofiebitanseboh sehesheaviolfy may

perform yitrd M54 | t E_providing,a mappi ng. may be
operativeléﬂter tﬁgqﬁggﬁgﬂ?ggyi%t ??@%g?%@}ngﬂ|98Pﬁ§ F?EI?PRgﬁggﬁggns f or
i nt er | eali@¥gneay myedeteoyired 1évne_]3rd)ﬁaséngitaﬂﬁityheoﬁpaﬁ&tf&&n%lr,OVi di ng
a mappin | ve bef.ore the, neans for interleaving. SO
f-urt her, Qﬁééﬁe@gﬁgﬁﬁgﬁ%%t?ﬁi%eﬁaﬁvﬁ oV dECPEMELYLERgO6f 2each sequence
i nSan angemereiiar gepandsnionl tdefieiny of respasthiigi bueobst RRepOl ynomni al
defini ng e 4.4 a fourth aspect of the invention, a receivin 25
appar at ussgl%?e%?%\% 3%3 RIS  HUHI TRARS s ehREReRS dVeb Psthenbousalisy of
transm sseomevicesa ciff antE SN ERaRN@l ngSousyabsel Biﬁenﬁbéhé;nﬁ of a

a

pluralit its, sane, of the bit positions of the synbols ving a
hi gher b%%Q%F$8%%95%§tqﬁﬁPé?ﬁher bit positions, the apparatus including

means for 30 ﬁrforgjnqﬁihe inverse of the operations perfornmed in
encodi ng a seqdéiice Bf PIAWHRNEFhE T2 necrpPrspldeli hipgk 4mpduiedf the

i Aventi oof andeneodant itdllarsgdied i AghctBeRS1 bi8SRONSLYBelionLpgelved -
Synbo'S’m&%&i%%”%ﬁ%kﬂg,tgFﬁﬁgg%ﬂéiéé)is pozitioned before the symbol ‘H}
interleaving block of a symbol interleaving encoder, or
after the bit interleaving block of a bit interleaving
enco@er, the allocation of bits from each generator
15 polynomial of the encoder can be separately controlled. 1In
case of a symbol interleaver encoder, the mapping block also
allocates sequential bits from a puncturing block {module)
to different symbols to further prevent channel errors from
bging burstwise distributed at the input of the

20 convolutional decoder.

In principal, the mapping block of the invention could
be combined with the interleaver block of the prior art.
However, especially with multi-rate codecs (such as AMR-NB
or AMR-WB, as set out in 3GPP26.090 and 3GPP26.190

25 respectively), it is advantageous to separate the mapping
block of the invention from the interleaving block because
then theAintefleavér caﬁ be generic (in ﬁhat its function
need not be specified separately for every wmode 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 codeétﬁdde gs

one imput parameter, and so making possible the use of ohe.

- -10-




i I"'-'|'ty of sequeﬂc of ‘bits, Teach sequence of .bits bei ng A
-defi ned by a predeterm ned generator polynom al having a@ mned

level of sensitivity to puncturing, the demapping based on t of
sensitivity of a generator polynom al defining a respective one of the
sequences of bits; and neans, responsive to the plurality of sequences of
bits, for providing out put s bItS using a convolutional decoder. Thus, by
changi ng t he serial-to paral l el block (nodule) 10 of an encoder to a

speci al functian bl ock (call | ed, here a nap{gqiug% bl ock% a block that is
posi t i one & BELIE ﬂ?é’Psw% II R A PR R keBT JALEgReBELY nf@¥ | eavi ng
encoder, dirffeakingr ddi:dincddy erl eaving block of a bit interleaving
encoder, the allocation of bits fromeach generator 15 polynom al of the
encoder can becseprfiRlly ¥, e 'ﬁk@é’eﬁ@sfn%neléﬂ@g'méfée” eaves
encoder, the mappl ng bl ock al so ‘al Tocat es sequential bit's froma
punct ur i BF5ESER (%ﬁﬁﬂ%ﬁr 8Q) T ¥emasii . sv%%@4§199 lessheemprevent channe
ereors fHeBausdl 0 My sl L RO dleobOPYt Rl L NEmaoNYOl uti onal
decoder. In princip [ oc o the 1nvention co

conbi ned lﬂtﬁﬁlﬁﬁétha élﬁ e@ﬁ‘ei fﬁnﬂ:l&hﬁ waRp g dplaﬁk isHboeakeed especially
W th Ml HerLake +§ed B . @gﬁ t 3GPP26. 090
and 3GPP26. 190 Eg@iggﬁé%ﬁgggfgf}fﬁééﬂj g%%a geous oégehgﬁ% eq%he mappi ng
bl ock of biffe inkeadeicon- g da e fionerd eaFarg dheckhbegause praenitcde

I nterl eavegr ;ca [ S til 0 not . be s fied
separateﬁs #%raéggﬁgax?}?bfg%%ﬁrEgﬁéé)e£§g§ ﬁ nry %ﬁgeﬁ%%%vhﬁgo g C%?on t hen
dFL\Of ers Pldwcatden3@ft eanidautiimie et td® ewqipi of thgodiffierean al so be

polynomials, making mapping after bit interleaving a complex

process. On the other hand, mapping can be implemented by
using lookup tables, reducing complexity but consuming
resources; using a lookup table is not always feasible

15 because quite a large table is sometimes needed, and
sometimes several different tables are needed. For a multi-
rate codec, for example, "a separate table is needed for

every mode.

For another thing, a symbol interleaver can be based on
20 a corresponding bit interleaver, if available, such as a bit
interleaver used in GSM where GMSK chanmnels (full-rate/half-
rate) have earlier specified bit interleavers. (According
to the invention those same interleavexrs 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 =~ =~ i e

30 ‘interleaver desigﬁlif an optimal bit interleaver is being

used fOr the same system and the same channel with a '+ -~ Chem e

different modulatlon scheme as in the case of GSM, GMSK - TR

being changed to 8 PSK. The advantage that no optimization =i

-11-



“inplenmented as a genéri¢ al gorithm—:usirg th 0 .?ﬁ'ﬂé¥7“fut Tl
paranmeter, and so meki ng possi ble the use of one -10 (generﬁdﬁ%ﬂé@@?ng :

al gorithmthat operates differently for -different codec nodes. For several
reasons, the present invention is nore practical (easier to inplenent,
requiring less nmenory 5 because of using fewer tables) for encoders where
synbol - interleaving is used (and the mapping block is |ocated before the
i nterl eaver bl ock) than for encoders in which bit-interleaving is
performed. For one thing, in practice it is difficult to keep track after

bit interizaweipdifdheld bhteepbhoarofic8a6h 94t REL LKL I1QfaARCRQf the
differenﬁHﬂgﬁ%%nqgials, maki ng mapping after bit intérleaving a conpl ex
process. St He YR R Cheppi HYCE anwhberenphaneste gosiecsu siong bosbk up

tabl es, raMICizigl comBhdIuDAE i SRBSHITERIbe! B3BYLGEH, USINg a | ookup tabl e
is not always feasible 15 because quite a large table is soneti nes needed,

and sonetines several different tables are needed. For a multi- rate

codec, for exanple, a sepgeAtE:daRhSr SrNRIBEIQLs every node. 20 For-
anot her thing, a synbol interleaver can be based on a corresponding bit

i ntser | eaver, iqfAv4l | &, 3such as_a.bi i pterl eaver used in GSM where
GVBK channel s (fu%?#%g$e GITEheR R J%%%%’e ??£8F95p585f' agtpges of
i nt er | eadtss invagddiad ngi1l doedeme nappaient t bess sagBnkAkRraeawar sgcan al so

be used nnel, codecs. sinply, by rearrangi ng .synbols 25 instead
of singl é:_ i ts. ES I# ra}&suc}e?ta&bfgecgi?e?%]}tgﬁ?%‘gt’i}eprﬁgeng?% FBbFENDEREACPhe code
for the Kiith moedmparen eadbevingapt b6 FRichHse by the synmbol interleaver,

and the use of
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
& 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 blqck déagram 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 Lo 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 invéﬁtion
for mapping convolutional encoded bits before a sywbol
interleaver in a codec such as the codec illustratéd in,

30 Fig. 3, for a1/3 rate comvolutional code.

-




* lookup tabl es.(ROM tabl es) can also be adapted. Furt hér'rmre '
optim zation is needed for the synbol 30 interl eaver desi @1 rczmtl mal.

bit interleaver is being used for the same system and the sane

with a different nodul ati on schene, as in the case of GSM GVBSK  being

changed to 8-PSK. The advantage that no optim zation -11 is needed for the

I nterl eaver design is very valuable for inplenentations such as EDGE,

where channel codecs for both GWSK and 8-PSK nodul ati ons nust be provided.

BRI EF DESCRI PTI ON T 5 The above and ot her objects, features
and advant ages of %:%3%9‘?%& g"ﬁﬁﬁm? cﬂ@’c% TANPETERt from a consi deration
of the subsequent detailed description present ed I n connection wth
acconpanyi ng g inpwic Figs g.3 1and 4, bhockrdingram £be a prior art

channel SeeateiMhushi Siflfle] WS earsh Fio) st AgnsalemRiLE of @

shift register inplenmenting a convol utional éencoder 0 the
prior art hatlrltg:arzsm%tsa i ldcipld dyirteen per asypnbol wherehaheeérroﬂec usi ng

bi te |nte d amf chann |  codec _accordi ng

tothe |nvent|on ]%ere h eék%e%)raia%) C‘h'forllggl?l nverS| {-? F‘r@ﬁu?% 6f Fig. 1

is repl a@emagiima (Fppiddd moduwltes ttﬁimr@lutt.h@naynm&:odéﬂebieaver Fig. 4is

a bl ock I channel odec ccordin t e.inventi wher e
A AT I & B DS 80 A T e Bk s

the paralte -to Serial® convers >
mappi ng neditles aﬁt;en:eqdie:dd tpumitaﬁ}ﬁagfaﬁy £i gm&nhfi!@hh@ﬁﬁ&ea(@ﬂl or art
net hod fqr, 6}| I ocaatl ng, %n.vo.l ut| naI enco ts before a sgnb
|nterleave optimize e channe ec pertormanc if the
10 channel codec includes a symbol interleaving module 34, as
' shown in Fig. 3, the mapping 33 of the invention is
performed before the interleaving; and if the channel codec
includes a bit interleaving module 43, as shown in Fig. 4,
the mapping 44 is performed after the interleaving. The
15 mapping 33 44 of the invention replaces the serial to

parallel conversion module 13 (Figs. 1 and 2) of the prior

art.

In the prior art, weaker bits are evenly distributed

among stronger bits, decreasing the error protection

20 performance of 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 codéc, the properties of a
selected polynomial set are usually very'cafefuliy analyzed.~
Such an analysis determines how the p0551b1e puncturlng

should be done {(i.e. which polynomlals to puncture and whlch

-13-




25 .a decodet-such~asTitustrated in Fig ~for a 1/3 ratfpp g@gnam tional = =

code; and Fig. 6 illustrates a method according to the inventi or C
mappi ng convol utional encoded: bits before a synbol interleaver in a codec
such as the codec illustrated in, 30 Fig. 3, for a-1/3 rate convol utional
code. -12 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Referring nowto Figs. 3
and 4, according to the invention, in a channel codec (300, 400) using
nodul ation that transmts nmultiple bits per synbol where the error 5
probability for each bit within the synbol is not the sane, a mapping (33,
44) of thetcopvphuictorsl, emcdodértdhdrs of piawitedidy a2 £onyssifsonal encoder

(31, 41)) i.s perforned .(after any required puncturing by a puncturing
nmodul e (é??g)42f%g§¥%¥¥€h?(ﬁﬁii%@éaQQKﬂﬁﬁéhwéhed%ﬁ@Egﬁé?ﬁornance; if the
10 channebneodet ibnaludecdicsl Bi®s it afle avimige o198 84, t@st SRawn in
Fig. 3, t [ performed before the

hﬁ n&g&ig%fSS of the inventiaon is o

i-nt er | ea®FhY" -ard™ Sﬁ%'cﬁﬁﬁnéﬁl%@d&;Yﬁ#ﬁI%sa%Ebigoﬁlht‘éﬁftF%ﬁmlﬂgnﬁodul e
435 as shewntbndbi @hedpurldt@rTRpPidd A4 iS5 Rvd 0y e %?écg&iﬁ@ .
|nterleaV|ng .The 15 mapping 33744 of the invention replaces the serial to
par al | el "@bHDEPSI 8RYEH Seryemmegdhel exmpL)pEItediciqn iRerformance| n t he
prior arbf wRakebnRichisirdcRa8Verlde HsStriduted; s gé%‘:ﬂlﬁfé onger Dits,
decreasing the error protection 20 perfornmance t he convol uti onal code;
the ext ehtRBPlihdongdccoddag dseiusaralino e fermeshusidth e tes ipere

di stri bugh80nuieakebDijks ' t ronger, bit s, d a | ynom al s
are used. in ?Iﬁe_convol Ut g%gfgg}gngo&'nge'%'d ]F((E)ZV\? f%ogq%?%’gq‘f%réa‘g@ch :
pbPynormi BPYFePak| bbgredare te optpits biie. efffedthe numerator is

unity, we cannot directly get coding rates in which the

numerator is other than unity, such as 2/3. To do so,‘we
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 exrror protection performance of a convolutional

code 1s 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 sq—called soft puncturing on a polynomial«—:
30 by-polynomial basis further improves the error protection:

Performaﬁcg'qf a convolutional code, but is not provided-for -

by the PriOflart4;§nd_the mapping of the present ihvéntioﬁ

provides such control.
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25 caused by the weak bits can be cal led soft punc “because t heweak=-
‘bits ‘decrease the error protection capability of t he convo@imn!azu de in
the sane way as (intentional) puncturing using puncturing ® | ut to
a lesser extent. 30 Wien optim zing a channel codec, the properties of a
sel ected polynom al set are usually very carefully analyzed. Such an

anal ysis determ nes how t he possi bl.e puncturing should be done (i.e. which
pol ynom als to puncture and which -13 not to puncture and whet her or not

to use a rec%gfggﬁeégd%)ow Q:Pu ﬁtgléﬁhﬁgg#lsdof n hset h'ét hg nunber of

convol uti onal énco bits t0 & ual | y be
sent, anehlchéeanabgcsrdlh@sta:staeg@aﬁo&emﬁn B ing. 5 home t@orﬁiﬁh:té& wiket uring

SO as to cta)taﬁ€ Er: regnlred rratchln nd yetd%ké:rease t he error

prot ect i onc parFBHraRée FnFﬁ@eEoﬁ'\‘F& IRt ALYEREI o Hbssi bl e.

Convol utépnal Thedpﬂgotrs atsUahlcdsdeer izt prviitdatigse vhefsut t he nunerator
so that for each 10 Iq<£Ut bit there are two output

t
|bls§gn| yi?‘héc‘?lﬁﬁ"éréflo?lﬁs Sudt yrhake iddidt cth et toth Ry r'dt®s in

whi ch t hencodser 8hBEyks el he)) tbﬁa@.c‘l‘ﬁ'ﬁe&fw BAS B idiefeSPinge run a
1/ 2 codlglg "?}@e and puncture out some codi ng bits so as to reach the
i

desi red ©r §hECYert thatapsevidep tha wmpoimtntindicatrd ot B cif

pol ynomi g tﬁet@ﬁcaaéss §808istir¥@ed QPG U n& (. eché’%&‘fé %f‘g its
output), which is th next nost sensitive, and, so on. y the optinmum

pr ocedur%“b%Y%’éeﬁﬂuﬁet? ur e THSI ﬁliﬁ@r@mq@tbaﬁweﬁfe ﬂ%ﬁncmm@@ﬂe&mwnom al
oiot hosej Pfusrf8¥eAf 1hh@'1§ea§t afd %‘H&%‘ H%%ﬁgl ytﬂOirE al$a@nth %eéé/ £ dNe

ot hers unpunctured. Al so;” as a rule of e outputs recursive
to-parallel conversion module of the prioxr art encoder (Fig.
1) is replaced by a mapping module 33 (in Fig. 3) according

to the invention.

According to the invention, the allocations of bits

15 outpﬁt 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. deteimined
to be sensitive to (any) puncturing: the more sensitive, the
more important. 1In the example given in Fig. 5 and Fig. 6,

20 the order of importance beginning with the most important is
assumed 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 most impértant polynoﬁial, 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 syuibol
30 interleaver 34 allocates all the bits from polynomial & to - °
strong bits, i.e. all'the bits are assigned POSitionS=inj£ﬁe5 ﬂ
symbols being transmitted ﬁhat.are 1ess;1ike1y to be dn =~ % ;ﬂ§:3

exror. Not even soft puncturing is performed for polyremial ™~
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"-"‘pol ynom ‘al's shotld usual Iy be | eft unpunctured “The error prot ectlon
performance of a convolutional code is greatly inproved 0i6 LHL%. 200% (or
hard) puncturing of 25 the different polynonials of the code is

I ndependently controlled, i.e. if puncturing of each polynomal is
optim zed in the design phase of the channel codec independently of the

ot her polynom als. Likewi se, controlling the so-called soft puncturing on

a polynom al 30 by-pol ynom al basis further inproves the error protection

performance of _.a convol utional code, but is not provided for by the prior
art, and%he %&519 P hat @Swmtialbehitsnfrpmopbdgﬁosﬁ@h @onfeol . -14 0O

6 JUL 20Q8 1-RERd % the gut put_of a ncoder
according to the prior ? é}t@fg l?mlgs cbnp%?%’dsﬁng PXORET Yt §8§18¥1€51n
encoder &EBRdi Agiter kervemveninal 1Fi sepabatedheepueat iat spRpedar t hat

2 el oo el NRSAE g Sedeb it lobubhbos 3t sevemotng, and

thé encod@diph®unmtevi des tdte cutt plit ésdsaped)in Fig. 6 is the encoder
illustrated in Fig. 3 (i.e. the encoder subsystem 30). The difference

bet ween t he edcotiée epematlicorm®id ] ust rad edofp ﬁlgctﬁrgﬁg beatnhef Fig. 6
is that the.ser ?)rta (Ebpar al | el n\éﬁhm on nodule of the prior art encode
(Fig. 1) 1s reE ace afl]f AR B (18 Pﬁﬁfoweéecéml-ngo to th
i nvent i olbitAc&uopui nipetse tﬂ?cﬂyrmt@lﬂatl@rhré %@i#ﬂé&t E8ngeqk Riks 15 output -
by diffe out put stream are nade

accor di ngg% %t? %hgntl&e%hten }ﬁg?%%%scgltll%eogélg%fﬂbﬁﬁ?ﬁedaﬂé bengaptheant, .

défer m nettror protection performance of the convolutional code
specified by the generator polynomials A, B and C is

optimized for the modulation scheme.

Referring again to Figs. 3 and 4, the invention also

provides inverse mappings (36, 45) corresponding to the

is mappings (33, 44). The inverse mappings {indicated as
demapping modules (36, 45)) are performed after the inverse
interleaving if symbol déinterleaving 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
side. (Each operation on the receiver side corres?onds to a
respective operation on the transmitter side, and the oxrder
of the operations on the receiver side is the reverse of the

30 order on the transmitter side.) The 1nvent10n can be

1mp1emented in the mobile station or on the network 'side.’ On

the network side, the invention would tyPlcally  f;;r<
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to be sensitive to ny) puncturl :“éﬁSTtive, the rore:
‘inmportant. In the exanple given in Flg 5 and Fig. 6, 20 QEF @Ldﬂmgo

i nportance beginning with the nost inportant is assuned g and C
Bits fromthe nost inportant polynomal are allocated to the strongest bit
positions of each synbol- Wen all the bits fromthe nost inportant

pol ynom al are so allocated, the allocation continues with 25 the bits from
t he next nost inportant polynomial, and so on, wuntil the bits fromthe

| east inportant polynom al are allocated to the weakest bits of the

synbol s. ¥ e&@@d dithdhe kare| ﬁ*@@mmn,wmh fEppbrgnitogerfo8BingFi g. 3)
arrangestﬂﬁabﬂaﬁhéyndagl ﬁé %e synbol 30 interleaver 34 allocates
all the bits fron1po|ynon1a| to trong bits, i.e. all the bits are
assigned positions in the synbols being transnltted that are less likely
to be in of\direeVigveamtiopuncturing is perforned for polynomal _15 A
(Al so note that sequential bits frompolynomal A are allocated to

sequential symbolis, theQﬁﬂSﬁmiéﬁéﬁ&@mlth@Stg@eQboﬁana@gckmggaIeaver
mal | Se arateilse entlal synbols, sometines even transmtting
étentl ?%ﬁﬁﬂ‘ a@@b JusfrpakiyetQf Bhe sappbicarhomsnbstios. ) In
the exampiré nefiptieg. of, tie %ﬁéséﬁ'@cimél@lgl&fl trl@umﬁ?éﬁs' WBQs FfBhtions
polynonlalédgﬁ and B), is perforned, i.e. no bits fromthese -pol ynom al s

are assi gt HY% aﬁﬁﬁﬂﬂ?@ﬁﬁ$$rNQ%éb%y@%ﬁ%%e@obﬁeth©aﬁsﬁk%lb@d and

hence thdnl@her 6ot RHIRAIN GeeF g?mff&notf;héhg vaE U
speC|f|edHBé t he generat or polynonla S and P 8%p%?§1 %§€9§ t he

modul at i SRVEREARE, RECetheGrnprded clalss @r%nuﬂﬂen@ﬁ@ taveavépn al so
previ des suBkensaiFaRRiithd 3ha 4 rSM&ESHORdi ng to the




15 mappings (33, 44). The inverse mappings (indicated as demappi ng nodul es

(36, 45)) are perforned after the inverse interleaving if Sﬁ%bgb
deinterleaving 35 is perforned, and before the inverse inte¥le Lxﬁwmﬁ bi t

deinterleaving 46 is perfornmed. In receiving synbols transmtted accordi ng
to 20 the invention and deriving fromthemthe bits encoded and

transmtted as the received synbols, a receiver would include not only the
i nverse nmappitnds €36,imé5) ishut al so inverse nodules (37, 38, 47, 48)
corresponding to the nodules (31, 32, 41, 42) for convolutionally encoding
(31, 25 41) and puncturing (32, 42), but in the reverse order in which

t hese operlati @nseahedpeff enoeding & heequansaidfi dritssifite tfBachieperati on on
t he receiver, side cornesEonds to a, respective oper.ati.on o%_%he transmtter

si de, and ‘the “ord&r o=t gno(ﬁ%?%??%nasso Oelsr SRR EHUES § the reverse
of the 30pdmdelicy tliebitanssomeeot stide, Hidheositients et cdre lgmboidpl enent ed
in the nobile station, or on_the network side. t he netwark side,.the

| vent i on RRSIFG Ay BrokRr, Bk, OFx0% YRS, S P, Hiio BRROE ST GRS wi th
equi prent meehioar Fbmgrithagehannel codi ng and mappi ng. Scope of the
Invention It is to be understood that the above-described 5 arrangenents

are only ia)l ustar attieye odf pirbeiappti saplonadity hef Pprqueaiqdeobitdse present
i nvention. Numerous nogiLLcatbons nd alternative rrangfnents may. be
devi sed by**'figs& SRMPed™“*PRAhEMGPT t HOUTSTRPHT | GIAYE SsEope of
t he preserinputh¥elki, 0OBachngdetiienappendedt €!16¢ g ajeer indended to cover 10
such nodifications and arrangenents, 0 6, JUL 2005 What is clai.ned is:

10 predetermined generator polynomial having a predetermine

level of sensitivity to puncturing; and

b} 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.

15

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

20 positions, the method comprising:

aj a step, 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
25 puncturing, the demapping based on the level of sensitivity
of a generator polynomial defining a respective one of the

sequences of bits; and

b) a step, responsive to the plurality of sequences of
bits, of providing outputs bits using a convolutional

30 decoder,
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1. A nethod of encoding a sequence of bits for transmssion via a

transm ssi on channel as synbols consisting of a plurali tyﬂﬁf,j@ﬁ_t@%some of
the bit positions of the synmbols 5 having a higher bit error rate than
other bit positions, the nethod conprising: a) a step of providing a
plurality of sequences of bits wusing a convolutional encoder, in response
to a sequence_of _jnput bits,_ each seguence of bits .being defined by a 10
predeterm3nedAgE‘ﬁEL8$o?spb?yﬁ%?r’rral1ha@1‘rn. S S E I EG ® FEV8$ of

sensi tivi iymtkelpdiéhyri ng;, and b) a step of mapping the bits of each
sequence of bits to synbol positions based on the | evel 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 transm ssion via a transm ssion
channel as synbols consisting of a plurality of bits, sonme of the bit

posi tions 4af Rheethptdbaksihaviagmaz hi Hiverhdy tcenpmirsiray @ thap ofher bit 20
posi_tions, th thod conprising: a) a step, responsive to received

synfol s, gﬁlﬁgﬁggﬁﬁﬁéngthe symbol s back to a plurality of sequences of
bits, each sequence of bits being defined by a predeterm ned generator

pol ynom al having a predeterm ned | evel of sensitivity to 25 puncturing,

t he demappi ng based on the |level of sensitivity of a generator polynom al

defi ni ng respective one.of the equences of. bits; .St :
osponetve -t oX FECHRG 8P i shotnglentasrar gt st g 48 B
bits usi ngraegdrwolingi,onal #bcdetndehe st b6 PtdvrD0ly a mapping is

performed after the step of bit interleaving.

10

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

performed before the step of bit deinterleaving.

15 7. A method as in claim 3, wherein the interleaving is
symbol interleaving, and wherein the step of providing a

mapping is performed before the step of symbol interleaving.

8. A method as in claim 4, wherein the deinterleaving is
20 symbol deinterleaving, and wherein the step of demapping is

performed after the step of symbol deinterleaving.

9. A method as in claim 3, wherein, in the step of providing
a plurality of sequences of bits using a convolutional

25 encoder, at least one of the sequences of bits are punctured
after using the convolutional encoder in order to fit the at

least one sequence of bits into a transmission channel.

-19-




3. Anmethod as in claim1, further conprising a step of interleaving. 4. A
nmethod as in claim?2, further conprising a step of 5 deingrgégﬁyz

nmethod as in claim3, wherein the interleaving is bit int g%and
wherein the step of providing a mapping is perforned after the step of bit
interleaving. 10 6. A nethod as in claim4, wherein the deinterleaving is
bit deinterleaving, and wherein the step of demapping is perfornmed before
the step of bit deinterleaving. 15 7. A nmethod as in claim3, wherein the
interleaving is symbol interleaving, and wherein the step of providing a

mappi ng i s Jpe efore_the_step of SY. nbol _.i nterl eavi hod as
el atm 3P ner BEERPA e 8ot Brr vt o B0 iSOl st dhang
wherein t ke @beh BEqd&ﬁEBpﬁEgehdsp@mftﬁ&mﬂbvﬁl(ﬁftﬂ&n&ﬂuﬂwﬂﬂy sfnbbk

dei nterl eavi.n n@ E in claim3, wherein, in the step of

provi di ng® &ngﬂﬁgﬂlgﬁ 6Pl§gq BRCBSTOF™ T ts using a convol utional 25
enc%ger at | east one of the sequences of bits are punctured after using

t he “convol uti onal encoder in order to fit the at |east one sequence of

bits into a transnission channel. -19 0 6 JUL 2005 10 A nmethod as in claim
9, wherei the an%%%y punct rlag of quh se e&gnﬂi on the | eve
of sensitiVvity B a1 38I§Ho AP adt i § %6 e * seq ence A net hod as

in claimbromierieigna plutrheistepfobeqpenvedi ol et ursalnid ya of sequences of
bi'ts using g, onvoluli gnalagnooder; gke | 38 o sdfeRbd eI 8 DI ts
are punctured after using the convolutional encoder in order
10 to fit the at least one sequence of bits into a transmission

channel.

12. A methed as in c¢laim 2, wherein, in the step of
providing output bits from the plurality of sequences of
15 bits, punctured bits are inserted into at least one of the

sequences of bits before using the convolutional decoder.

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

interleaving.

20
14. A method as in claim 13, wherein the interleaving is bit
interleaving, and wherein the step of providing a mapping is
performed after the step of bit interleaving.

25 15. A method as in claim 13, wherein the interleaving is

symbol interleaving, and wherein the step of providing a

mapping is performed before the step of symbol interleaving.
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are punctured after using the convolutional encoder in order 10 to fit the

at | east one sequence of bits into a transm ssion channelﬁ 1% ﬁﬁﬂgthod as
in claim2, wherein, in the step of providing output bits 5 %L

plurality of sequences of 15 bits, punctured bits are inserted into at

| east one of the sequences of bits before using the convol utional decoder.

13. Anethad as in ¢laimi1]l, rthe [1sing.a ste f Jdnterleaving. 20
14. A netﬂgd a& Wﬁt§P§|ﬁ§1§n ﬁ#%%@l%l éﬁ%ﬁﬁ%ﬂ (ﬁﬁﬂ%ﬂ?ﬁﬁ% B interleaving,
and wher eigurichiersthgposf epthvidiiignee nagpends icn ey flevead off ter the step of

bit interleavin 25 1 od as a|n113 mhereln the interleaving
is synboFePﬁEEgVé§V| g tgﬁdpﬂﬂg?%?ha H%eé%QﬁFQﬁ W2 mapping is

performed before the step of synbol interleaving. -20 0 6 JUL 2005 16. A
method as in claim1ll, wherein the anmount of puncturing of each sequence
depends on the level of sensitivity of the polynom al defining the

sequence. A transmttin aratus for odin its
for trans 57S'SI 6n typgsEl éﬂgnggggg# ﬁ?ﬁéle%%mg% ‘—’]gssegt%anm st%%ng’f%?
plurality fefr kirGsismsegeoaf vﬁ.heabti‘aﬁmim;i)ms clofnridie ssy yadkolzavi ng a

hi gher bit error .rate_than._oth

bit os tions a arat S risin
00n T oo e g Pa BaB1OEAT LY op BPSRL S0 o RPN ok 2IRPE! o1 N0
convol uti gmElteNeyHRo] si naﬁreﬁgoasmgnea Befueneer ofatd rtrlustn tmtm,r (bad:h

sequence of bits belng defi ned b gredeternlned gener at or pol ynom al
havi ng a &Ge P@P@FaBP s@ﬁ@ ¥t9+%9' to puncturing; and
10 a) means for 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

15 b) 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.

18. A receiving apparatus for décoding a gsequence of bits
20 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 positions, the apparatus comprising:

a) means, responsive to received symbols, for demapping
25 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 sensitivity
of a generator polynomial defining a respective one of the

30 sequences of bits; and

b) means, responsive to the plurality of sequences of bits,
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15 b) means for mapping the bits of each sequence of bits to synbol
positions based on the |evel of sensitivity of the generatoDépgggngmﬁal
defining the sequence of bits. 18. A receiving apparatus for“de ing a
sequence of bits 20 encoded for transm ssion via a transm ssion channel as
synbol s consisting of a plurality of bits, sone of the bit positions of

t he synbol s _having .a higher bit.error rate_than ther bit. positions, the
hppar at s RSt Ag e eEpuRs PFEE BALRY o S e B ORPDl st or
demapping 25 the synbols back to a plurality of sequences of bits, each

sequence of bits being defined by a predeterm ned generator pol ynom al
havi ng a predeterm ned | evel of sensitivity to puncturing, the demapping

based on the | evel _of sensitiyi a_gener y ] efining a
respectivéEBne%b%rFﬁgmlgglgéqugﬁégggg? %gtgﬁ g%%ﬁggphbgﬁgﬁﬁ%ggponsive to

t he pl ur alddmpifs iswgmeanes folr hnterled@tidy6 JUL 2005 for providing outputs
bits using a convolutional decoder. 19. Atransmtting apparatus as in
claism 17, further conprising neans for interleaving. 5 20. A receiving
apparatus as in claim18, further conprising neans for deinterleaving. 21.
A transmtting apparatus as in claim19, wherein the 10 neans for

i nterl eavi2fy péy freces ving iepperbtasi ag, iandlaher &8 n fwhehermr aawnfos imgopi ng

is operatH%' téﬁ#‘d@in %&%aRQE interleaving. 22. A receiving apparatus
as in claim?2o, erein thé nmeans ' 15 for deinterleaving is bit

dei nterl eaving, and wherein the neans for demapping is perfornmed before the
step of bit

21. A transmitting apparatus as in claim 19, wherein the
10 means for interleaving performs bit interleaving, and wherein
the means for mapping is operative after the means for

interleaving.

22. A receiving apparatus as in claim 20, wherein the means
15 for deinterleaving is bit deinterleaving, and wherein the
means for demapping is performed before the step of bit

deinterleaving.

23. A transmitting apparatus as in claim 19, wherein the
20 means for interleaving performs symbol interleaving, and
wherein the means for providing a mapping is operative before

the means for interleaving.

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

for deinterleaving.

-22-




deinterleaving. 23. Atransmtting apparatus as in clain119 wherein the

20 nmeans for interleaving perfornms synbol interleaving, ﬁ wﬁgiebﬂ]the
means for providing a mapping is operative before the nea P 5
interleaving. 24. A receiving apparatus as in claim20, wherein the nmeans
25 for deinterleaving perforns synbol deinterleaving, and wherein the neans
for demapping is operative after the nmeans for deinterleaving. -22 0 6 JUL
2005 25. Atransmitting apparatus as in claim19, wherein, the neans for
providing a plurality of sequences of bits using a convolutional encoder

i ncludes, after, the con Iutlonal encoder Lyring.at |east
one of th seq@b%fg§sm6 6n?sapﬁa5?58? 79 % th%HE % 1eas o#g gghuence of
bits intmeards fesnpseivadiagaanplurdbitA of assquéencesy @ppart usiag an claim
25, wherein th “io nmeans fod gumctg |ng FPVIde %unctur4quof each
sequence ﬁ?ng ASURE FRSPOGEPERESUERS t hat T8l et o TERTY AR of t he

pol ysnv\ﬁm alerdﬁdﬁr [Nehebihe se»q]lcjpnﬁetuﬁngAatra@amt?m@gofagﬂ&r a‘;ta@leaﬁzels? gl aim
17, er ei t.he ns for g urality of se ces o its
using a cdﬁ%&?ﬁ?ﬁdﬁbppgﬁgb&QrfFEcgﬁaegg 5??5% e % q%ﬁgi% "encoder,
means for ipitectzUniragsali slseast chnaenef .t he sequences of blts in order to f|t
the at | east one sequence of bits into a transm ssion channel. 20 28. A
recei ving apparatus as in claim 18, wherein, the nmeans for providing

out put bits using a convol utional decoder includes, before the

convol uti onal decoder, neans for
26. A transmitting apparatus as in claim 25, wherein the

10 means for puncturing provides puncturing of each sequence in
an amount that depends on the level of sensitivity of the

polynomial defining the sequence.

27. A transmitting apparatus as in claim 17, wherein, the

15 means for providing a plurality of sequences of bits using a
convolutional encoder includes, after the convolutional
encoder, means for puncturing at least one of the seguences
of bits in order to fit the at least one sequence of bits

into a transmission channel.

20
28. A receiving apparatus as in claim 18, wherein, the means
for providing output bits using a convolutional decoder
includes, before the convolutional decoder, means for
inserting bits into at least one of the sequences of bits.

25

29. A transmitting apparatus as in claim 27, further

comprising means for interleaving.
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inserting bits into at | east one of the sequences of bits. ﬁg ﬁ@t ﬁm5
transmtting apparatus as in claim?27, further conprising f
interleaving. 0 6 JUL 2005 30. Atransmtting apparatus as in claim 29,
wherein the neans for interleaving perforns bit interleaving, and wherein
the neans for providing a mapping is operative after the means for

i nterl eavi,ng 1. Atransmittin ar at us rein the
nmeans for3ﬁnteglgﬁ@Fﬁalégt?%r%%p%gﬂﬂg ThHtEH1S éhlng, erw%&?@ﬁn t he neans
for provi dieagsafoepphbgrleavpry apeyioled dsic ﬂﬂuenﬁamvanborandtehéeawnng. 10

32. At tt t | 27, wh th f
punctur[ﬁ%‘n}Bﬁhggs%ggﬁé?ﬁgiﬂgg%tgé@%ﬁ%@%ﬁd@hégﬁﬁﬁkgﬂﬁ %ﬁ&%ﬁ?%ﬁﬁaﬁrdepends

on the | evelanef feenshtevieyvohgt he pol ynomi al defining the sequence. 15
33. A systemfor wireless comruni cation, conprising a base station and a
nobisl e station, wherein either the base station or the nobile station
includes a transmtting apparatus as clainmed in claim1l7. 20 34, A system
for wirel ess conmmunication, conprising a base station and a nobile
stat!op whereenteahhmitthngbaﬁperatumiamtim ¢eeinmlsl || evhstratinohienc| udes a
recelVIngn%B%%r%%%sin % EE%%QE& berféf%éné§%bol interleaving, and

wherein the means for providing a mapping is operative before

the means for interleaving.

10

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

polynomial defining the sequence.
15

33. A sgsystem for wireless communication, comprising a base
gtation and a mobile sgtation, wherein either the base
station or the mobile station includes a transmitting

apparatus as claimed in claim 17.
20

34, A gystem for wireless communication, comprising a base
station and a mobile station, wherein either the base
station or the mobile station includes a receiving apparatus

ag claimed in claim 18.
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