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A DI G TAL Ge\bddildeATI ON SYSTEM HAVI NG A PUNCT URED - PCT/US96/01143
CONVOLUTI ONAL CODI NG SYSTEM AND METHOD. 5 . : : _ '

FI ELD OF THE | NVENTI ON The present invention relates generally
to a digital commnication system and nore particularly, a digital
comuni-cat i on syst em having a punctured” convol utional COdI ng syst em

and net hod.

In a digital: g&ﬁ%% ' el annel tends to
corrupt bit streams é‘\dﬂal owmﬁﬁ ter to a :

receiver. The i mpact of noise on a transmitted bit stream can be

m ni m zed by coding the bit stream wi th FEC techni ques. One FEC

techni gde currently used in diJELD OFCEHEINVENEIONS systens is' punctured
convol utional cog n1gt'esent invention relatds %ﬁ&l‘ﬂl?% Qwﬁqﬁ,{ﬁi BéhmAkarfondyStemt @dni ques
in digital conmnication tf kno the prior art as shown
by t he teachoregmnicularte o mgimwonmmnaauon aystem having efpunemred sonyiletional e
i'ncorporated herein b nce U.S. Patent No. 5,029, 331, | Ssued on .
July 2, 199%d “tgoSYFEFb%P"; .; U'S. Patent No. 4,908,827, issued on: 20
‘March 13, 1990, to Gates; U. S Patent No. 4,462,101, issued on July 24, _
1984, to - Yasuda et al.; Punctured Oonvol utlonal Codes of Rate (n-1)/n
and Sinfified ~ Maxi nBAGKGE ' ION  Bi bb Cain, George

C. dark, Jr. M _ gﬁ&& k l%‘nds%or mat i on
Theory, Vol . | Talegzl &%E‘Hl %Amrﬂumcatfg?;gsctem h&SA EFEI%{}&E} tia‘gﬁHl gh Rate
Punct ur ed Ceormept biti streatns Gﬁdaafbamgsmmimdlfmmla tkAnsmitter to a receiver. The

lmpact of noise on a transmitted bit stream can be minimized by codmz the bit stream

~ with FEC tech_mques. One FEC techmque currently used in digital communication
15 systems is punctured convolutional coding. | _'
| Puncrured convolutional coding techniques in digital communication systems
are known in the prior art as shown By the teachings of the following priOr art’
references which are incorporated herein by reference: U.S. Patent No 5, 029 331,
- issued on July 2,.1991, to Heichler et al.; U.S. Patent No. 4, 908 827 issued on
20 March 13, 1990, to Gates; U.S. Patent No. 4,462,101, issued on -July 24, 1984, to
- Yasudaet al.; Punctured Convolutional Codes of Rate (rt-l )/n and Simplified
Maximum Likelihood Decoding, by J. Bibb Cain, George C. Clafk, ir., and John M.
Geist, in'IEEE Transactions on Informatio_n Theory, Vol. IT-25, No. 1, Jan. 1979,
~ pp. 97-100: and High Rate Punctured Convolutional Code for Soft Decision Viterbi '
25  Decoding, by Yutaka Yasuda, Kanshiro Kashiki, and Yasuo Hirata, in IEEE '
Transactions on Communications, Vol. COM-32, No. 3, March 1984 pp. 315-3 19

In general, communication systems usmg punctured convolutional codmg

include a coder for coding a dlgttal input to be transmitted from a transmitter and a

decoder for decodmg the coded input recexved at the receiver. The coder mcludes a
30 convolutional codmg circuit which receives the dxgnal input and outputs a

convolutional coded output. The digital mput is coded by the convolutional coding

circuit so that for every k-bits inputted into the convolutional coding c_1rcu1t a
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25 Decoding, by Yutaka Yasuda, Kanshiro Kashiki, .and Yasuo Hrata, in.

| EEE. Transacti ons on Conmmuni cations, Vol. COW 32, No. 3, March 1984,
pp.  315- 310 96123360 : In general, comunication systens PEITUS§6/pIATt ur ed
convol utional coding include a coder for coding a digital input to be
transmitted froma transnitter and a decoder for decoding the coded

i nput received at the receiver. The codey_includes a 30 convol uti onal
coding circuit which receives the digital input and outputs a

~convol uti on%n&?glegn £ ipad! whyféeh g| gl ;sad &It The k‘-‘eﬂfl%ﬂpxmédtaﬂé eonvol uti onal
codi ng cifcuit so that every ts Inputted into the

convol ut i onedrrespanding oibitsiutputted are referred to ‘dok&ﬁpl&aﬁbn-mples, respectwely

PCT/ US96/ 01143

cor r espondi Cqpvplupignal Goding rate foy, the; conyplptinral eqfling ¢igeuit if df@neidrﬁﬁ{‘? B0, 1 g

t he Cobf ifenmintbied @f R-tlistifipudtel R tHeathnie? of AfkAk lohtputted.amdlcah Bpl es and
n-tupl es, respecti Velqu F A convol utional coding rate for the
r €OF eX

convol ut? onsXpresed ag amplej dhe prAINg AL isel/2 élfheﬁ for each bit inpytted jfGer of
k-bits inpug.e r 245 . expressed
as k/n. Forng%#g 'e‘hg%g”@%gfﬁgﬁﬁaepé b2 ‘%%%h for eac &Lﬁ.dl nputted into
t he convol uti onaln onigr ngmc'raawthb cbﬂmraae oftha coder elmpamdolngonahmodndtmltput _
he" convol ufs B BERRe yaeREFne ceuk 3HsEAa0uie G RS B8 r

t he convol u aoEH“ﬁ ¥ S SHGHISSOB, G 28d ¢ ¢ i ¢

whi ch i.ncl udetetide parteth Mensdry forMasmitting bhiy seféered bits of tecdonVlufiaiallgr N menory |
for transmtting only selected bits of thé convolutionally 10 coded - '

out put . 1&he Cﬁ@ﬂﬁ‘c‘t‘lﬁ?‘}tn ol e pungrIring girguit QUIRULS FrBMOMERY Q}EP‘fS Gla"ﬁﬁ\?l Wj‘%‘feﬂ

01'q moans 1 fle SR, Sabte £y, W Bhiinfed ool fls of /MG B (VD7 Crcl

codi ng ci r cumput Bith m;mtted mtmqumwddnénab codihg circuit qﬂmsnatemutplgtedlfrm the
The desired uqcture.d code rate i s achi eved by passi ng a convol utlonal
coded

- ~ The desired punctured code rate is achieved by passing a convolutional coded

15  output through the transmission mask circuit and puncturing the convolutional coded
output on a block-by-block basis. Each block to be punctured is formed from a
plurality of n-tuples and is referred to as a puncmring block. The number of n-tuples
used to form each puncturing block is currently determined by recognizing thet to .

| provide a punctured code rate of z/q, where z = vk, for a convolutional coded output

20  of rate k/n, at least v convoluuonally coded n-tuples must be grouped and punctured
as a punctunng block to achieve the desired puncmred code rate. Accordmgly, the bit
length of each puncturing block is equal to y convolutionally coded n-tuples multxphed
by the number of bits in each n-tuple. The bit length of the puncwuring block can be -
expressed as L = yn. o -

25 The puncturing blocks are punctured according to a deleting pattern which has
a length equal to that of a puncturing block. The bits of the deleting pattern have a
one-to-one correspondence with the bits in each of the puncturing blocks. |
Accordingly, the deleting pattern is chosen to have a length that can be éxpressed as

. L = yn. The deleting pattern chosen has the minimum bit length neceesary to B
30  achieve the desired punctured code rate of z/q for a convolutional eoding rate of k/n. .
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15 output through the transnission mask circuit and punc'turi ng the

convol uti onal coded output on a bl ock-by-bl ock basis. Each block to.
be punct ur e¢o ve2386y ned from a - plurality of n-tupl es aRCTIUs96/@tl14d r ed
t'o as a puncturing bl ock. The nunber of .n-tuples used to form each

‘puncturing block is currently determined by recognizing that to Co
provide a punctured code rate of z/q, whgre z = T[err]k, for a convolutional
coded out put 20 of rate k/n, at least [err] convolutionally coded

n-tupl es- nmust be t =L Ui bR dfds
achi eve the desi @é%&ﬁg%g%épgo eﬁi{glggun%%%g mg’;']pg?ﬁtlh%hg'lgtﬁ& c;r{esength :
of ‘each punahdizerog, Withehkch eneargprbenting [aarankmission bitdndeact zeyo ceptestnuing aipl es
mul tiplied by. t.he nu;ﬁ.ﬁr of hits 'én each n-tuple. }he bi tl | engt h_of
t he punpturi“ﬁ&'t’iﬂuﬁ%ﬁﬁe’éﬁub € transIRISIRN, QL AACROTCIranSIESION PIS 35 4150 The
puncturing Rbfeeks t@aenapaaé:ﬁfgesits%afzremigg bits) @;r;%eﬁmy.mgrmtatie loff onky h has

e

a length equal to that of a puncturing ock. e bits of the deleting :
pattern Aava&erps in the Ldength deleting paserneisshosenrio achieventhe [desirsdipineqyredcode of t he
punct uri ng cks. v i \ et ] iy osen to '
have a | engtq% thalf’ ﬁéeaﬁtlgé)%gﬁ%;tgszgglé.lgs"ﬁé]selg‘%{gl_ﬁdga {!1_1e{ri)1r§']t é\e?ér%dééc}g?eti ng
pattern chogunctfed dode rate.ni num bi.t | ength necessary to 30 achieve the .
desired punctured, code rate ?Bf z/qg for a, conyolélgi onal f8di ng,.rate. of k/n.
WO 96/ 23360 - For example, a 2/3 punc rate is achieved for a rate /2 convolutional

PCT/ US96/ 0114ding circuit by using a deleting pattern of length four (i.e._,.'L =m=2x2% 4?.

The deleting pattern uSed by the puncturing circuit is an L-length bl ock of -
ones 10 ankhezengih fous deieting pAtesnds ekgsem tahaverifjreg ransmissips bty andypre B each
zero represent| . L 1 SSi i Lo sm ssion bits and
non-transm ?g%ng'ﬁgﬁlﬁflsynasroetﬂ%{}g%Bap%m‘%@#eg:}?%a&t%égggcg%e%%el_et i'ng bits and
del eting bits, rcRpecaneacpiyralitylofadiffetenpdelétingpstetrs baving thecame matidof
L-length deletin atte .S chosen_tq achieve the desired punctured code-
Cate. It i 9 AT hayingthe SAmE b denii PRLIAMENTAS TAOSERAE AL

determ nes tgyderns of ones and zeros. The arrangement or pattern of ones and zeros ina

15  deleting pattern affects the distance properties of the punctured code. To minimize the
bit error rate of the communication system, a deleting pattefn having the desired bit-
length and ratio of ones to zéros is typically chosen in an attempt to optimize the
distance properties of the puncrured code. | '

_ To select an optimal deleting pattern once the length and ratio of ones to'.z'eros _

20 is déterxnined, a puncturing table of potential deleting patterns in which distance
properties have been éalcuiated for each deleting pattern can be consulted. Selecting
an optimal deleting,pattex;n for a given del:ting pattern length and ratio of ones to
zeros is well-known as indicated by the fdllowing incbfporated references: Punctured

: Convolutional Codes of Rate (n?l )/n and 'Simpiijied Maximum Likelihood Decoding,

25 by J. Bibb Cain, George C. Clark, Jr., and John M. Geist, in IEEE Transactions on
Information Theory, Vol. IT-25, No. 1, Jan. 1979, pp. 97-100; and High Rate
Punctured Convolutional Code for Soft Decision Viterbi Decoding, by Yutaka Ya'suda; :
Kanshiro Kashiki, and Yasuo Hirata, in IEEE Transactions on Communications,

Vol. COM-32, No. 3, March 1984, pp. 315-_319.. The 6ptimal deleting pattern

30 selected from a puncturing table is used by the puncturing circuit in puncturing ona

block-by-block basis the convolutional coded output.
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punctured code rate. - - For exanple, a 2/.3 punctured rate is
achieved for a rate 1/ 2 convol ut|onaI codi ng ci rcui t- by using a _
del eting paMOAGR3IO | ength four (i. L =zn =2 x 2 = 4). RCI/USSNEI43engt h
four deleting pattern is chosen to have three transmi ssion bits and one
non- transm ssion bit so that the new punctured rate of 2/3 is
achi eved. . - There are a pluraljty of different deleting patterns :
havi ng the sanme ratio of ones to zeros and having the sane bit |ength

but havi ng uni que APdigRNOREBRincaltn system hRRLS %rﬂﬁﬁcrﬁlfed%ﬂﬁ)hﬁﬂﬂalz@d The
arrangenment or pattern of ones and zeros In 15 deleting pattern affects

t he di st anceSysiempapd P@éh@mthmmsmmopemsmmhmwmmcode and bi t
oot req brc e ASoRBTHRSOL EAL UGN Ml Briblind, B bR KB,

an attenpt tooahpg lsystem ahdilmethod of sdttshattgiﬁl pormahicatiR sgéterh SRould ntilizy #d code.
To select an &a d“a tern once the length and ratio of ones to
RS e

zeros 20 3 P? 3§ 1Q a@‘@e(ﬂmﬁ"o‘?‘é‘ﬂﬁqeétmm%tfph&epat terns
n whi ch d tin
i n which di : d code aﬁlfﬂpﬁﬁﬁrb?e?l aexﬁopaganfoggh&gtg@g%r@ﬁnﬁ%a%gt g&?én? i ng

pattern can be consulted. Selecting _ ern for a

gi ven del et ng pattern length and ratio of ones to zeros is .

wel | - known as i ndicated by thﬁ%ﬁhﬂ@ﬂ,' Nk d\r ef erences: Punctured
Convol utional Codes of Rate ( SEoTTT i mum Li kel i hood _ :
Decodi ng, 25 by The pBiskin ifféntion 533&ﬂ@%a&orﬁixﬂmkanoﬁrsysterﬁ'}ﬂvﬂﬁgrpdﬂbm% st, in .
| EEE Tr a[ltaact | 0‘6’? I nf ormati on Theory, Vol T-25 , Jan. - -
1979, ppl¥o759 urigmal Gqdi and methp Jihg PRACTEISH FORoItioRal codiigcsysism Sof t
Deci si on Vit ahdd imeliRydostith and
Yasuo Hirata, in:lIEEE Trgglsact I ons on@%ﬁ?cﬁﬁ%ﬁ? R&hdlﬁ%gﬁ%% '

No. 3, Mar ch farothe pungrured rodemegulting an optilprivedibit etion aipaThe disi®@be  sel ect ed

Lo & Pt BRI BEL, bGP GliE oSl B B bl Sl e BNy "0 "

96/ 23360 convolutxonally codmg a digital input to produce a convolutional coded output and
PCT/ US%IIQ 11%§nctunng the convolunonal coded output according to a deleting pattem-_havmg an
extended bit length. As discussed belew, puncturing a convolutional coded output
w1th a deleting pattern having an extended bit length compared to the deleting pattems
used in prior art digital commumcanon systems provides for a punctured code havmg
. better distance properties. Accordmgly-,' for a digital commumcanon system having a
20  particular convolutional code rate and puncm_red code rate, the digital communication
system of the present invention employs an extended deleting pattern providing for
better distance properties for the' punctured. code. : |
The improved convolutional coding systcm ‘and method is implemented in a -
| dxgxtal communication system having a transmitter and a remote receiver.  The
25  tansmitter of the digital communication system inchudes a coder having a
convolutional coding circuit for outputting a'eonvolutional coded output of code rate
k/n and a puncturing circuit for outputting a punctured output having a punctured code
- rate of z/q, where z = yk. ‘The puncturing circuit receives the convolutional coded
~output and bits of the convolutional coded ourput are grouped into puncturing blocks.
30  The puncturing blocks are punctured according to the deleting pattem on a block-by-
 block basis. | " |
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-4- - S LA gi tal communication system having a punctured

convol utional codi ng - system and nmethod ‘that inproves the-distance
properties wb ss/B36ppunct ured code -and - the associ at ed bi tPCIV¥SIsOIASe | S
needed. More particul arl y, the punctured convol utional codi ng system

“and met hod of such a digital conmunication systemshould utilize a 5
nore effective deleting pattern so as togachi eve better di stance properties.

for the punctured code and an inproved bit error rate for the digital
conmmuni cation sy g @ E _
1 NVENTI ON : FoFH xgltfhcommugxgarﬂons \s/tgtrtlltl}aglr?g ascogvaluuo conmuni g’gt I on

syst.em havi agi a pnneratedropde iaﬁe of efay ethetel 0 ealk ceadh pgnamsﬂghlndndndrﬂthod -The
punctured cqnvol utional codjn S d net ho of the digital
communi cat i 8&‘@%?@%%‘% b‘éq%ﬁ’( %fﬂ]cf‘ W&n&’g l'ﬁrpoﬁe'r't‘r -pdis discussed, o

punctured CoaRidu8HAY Idigltagcmﬁmaﬁcmmrsgy@ﬁks BF theSpricfart @k & deléiigHaibance
properties of the punctured code an the associated bit error rate is

i npr oveds by having admm&#@mlmnm gdeleting pastern biit dangth of InrﬁutYnt o‘\?S’PBHBS,lE» e

ot put - accoPheaE Pt S bneT6 b nrBEAF AR i § A B o IBRGuTRURE

As di scuss eenihistumvdeleting patteirm bitderpeisvef thié elovig pamdas used HUPI‘IOI art digitah a

del eting pattern havi ng an extended bit length conpared to the deleting
patterns  CompupiFat %FSF"(S‘?S art. digital conmmunication systens provides for
a punctured code piguhfify the conPihidial %&h%ﬂﬁﬁt&é&?&ﬁé k@§del€ﬁﬁ§’?ﬂté?ﬂ| y, for a
digital communication system having a 20 particular convolutional code
rat e andOpumeving adargstioumbereof hitsalldwg iatradre aprimahdaetingopattern to bﬁsmmrf%f t he

present inv e el e r.o

better di stglﬁlgce&%flgﬂoer?l es Forﬁéﬁ’lgﬁi ﬁier‘;ﬂ ctu é’&gg’gg@tée%gtﬁ }anl I%&lre

i mproved cormaving tbeneradistandi prgpemestmmaﬁxt [esioh @gte io6 therm:lnﬁnmmﬂmsystan is
di gi tal comyuni C?érl on systemhaving a transmitter and a renote receiver.

The 25 tra r of the digital comunication systemincludes a coder
havi ng a convol utional coding circuit for outputting a convol uti onal
coded out put of code rate k/n and a puncturing circuit for outputting
a punct dfed out put havi n@RIEEDESCGRS : AL /¢, where z =

Lo e P g 5 A i AR o g
puncturing Hhvenkien. 30 The puncturing bl ocks ar e punct ured. accordi ng to
the deleting pat t!ﬁgure isa btio& éﬁxagr\ém of the coder of the preferred embodxment
| _ Figure 3 is a schematic representation of a generic bit stream passmg ttlljough B
20 - the coder. _ _

Figure 4a shows an example bit stream passing through a prior art coder. |

Figure 4b shows an example bit stream passing through the coder of the

present invention. o - '
_ Figure 5 is a block diagram of an alternate embodiment coder.

25 Figure 6 is a block diagrém of t.he"decodér.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to the drawings, the digital communication system having the
punctﬁred convolutional coding method and.systém of the present invention is
30 indicated generally by the numeral 10. As shown in Figu;'é 1, the digital

communication system 10 generally includes a transmitter 12 for coding and
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WD 96/ 23360 : S

PCT/ US96/ OWini%/23360 For a digital communicati on PETUSAOE ng a

cfonvol uti onal code rate of k/n and a punctured code rate of z/qg, where
[err]k, each puncturing block and the del eting pattern have .a bit

Iength of L = plerr]n, where pis > 2. di scussed previously,

di gital communication systens of the pri Oor art.-use a deleting pattern 5.

having a tr err]n.

Accor di ngl y%gﬂlrgﬁﬁlgrq &I&eﬂ%icra?tn ﬁ'ﬁ‘g pa ? eedr%ﬁ'tet Eq?lb*&?lbﬁlg%h ?r?g&)dmegstg%t invention

i s a mul ti plreansmitted, doded inpuwo Thé tmhanmer 12 mclud&mthe@henal ugnpmtmeroﬂ abi t
| engt hs of i.tal

th |.et tt t d '
conmuni cat i 8?&%3&@%@%93 806’1“'01%{“@‘?31 %?, ‘E‘F h@ af‘&r BP%PF‘B‘HEP Bded -
out put accoggdifig ﬂieodanﬂQhﬁit' Axe Dﬁ{ddﬁfafbrlzq for haﬁdnﬁl&u@ the cakid lﬂpm‘oa&s of -bi-ts

allows a nore optimal deleting pattern to be chosen for

depunct udi ngcm:maaenlty shpwasn Figure de pheesmyelutignad icpding cirgeihd@ &P®§ IEF gighttlt ured
cade B DAL o oA GaPEQRE AP i the' lfchikibs BLER 28 Byipfihs 11

communi cat i 0
DESCRI PTI O\Iﬂﬁ:co"ﬁlvBuM!\kbm output to generate a punctured output. After the input has

been coded by coder 16, modulator 24 modulates the punctured output and transmits
the modulated output to receiver 14.
10 Receiver 14 generally includes a demodulator 26, and a decoder 30 havmg a
~ depuncturing circuit 32 and a convolutional decoder 34. The demodulator 26
demodulates the moduiated output re'ce_i'\'red'from the ujansfniner 12 and outputs to
decoder 30 a demodulated output. The depuncturing circuit 32 outputs a depunémr’ed
~ output and cﬁnvolutional decoder 34 decodes the depuncturéd output and outputs a
15 decoded output corrésponding to the digital input. |
~ Referring to Figure 2, the prefef_red embodiment of coder 16 is shown in more
détail. Figure 2 depicts a simplified convolutional coding circuit 20 that will be used
to describe the present invention. Convolutional coding circuit 20 includes a shift
.register 36, function generators 40a and 40b, and a multiplexer 42. Shift register 36
.~ 20  serially receives inpﬁt bits from the digital input which is in the form of an input bit
| stream. The bits are shifted along k-bits at a time into successive k-bit stages 44 of
the shift register 36 with a group. of k-bits being referred to as a k-tuple. As is well
known, convolunonal coding circuit. 16 having additional function generators and
multi-bit stages could be provided.

25 . The function generators 40a and 40b in the prefefred embodiment are modulo- -
2 adders and are connected to different sta'ge_é 44 of register 36. OQutput bits are
gene__réted by each generator 40 to form generator bit streams and the generator bit

- streams are combined together by mulﬁpleier- 42 to form a convolutionally coded
- output. The convolutionally coded output consists of a bit st:eam_bf successive -
30 tuples where each n-tuple is formed by n-bits, '.Where n > k, and corresponds to a

k-tuple inputted into the convolutional coding circuit. The ratio of k-bits entering the
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Figure 1 is a block diagramof the digital comrunication system of .the
pr esent i nvention. . Figure 2 is a block diagram of the
coder of WhgopsRkerred enmbodi ment. ' Fi gure 3 is RCHESRSHM43C
representation of a.generic bit stream passing through 20 the coder..
Figure 4a shows an exanple bit stream passing through a prior art coder.
Fi gure 4b shows an exarrpl e bit stream pgsm ng through the coder of the _
present invention. Fi gure is a block diagramof an alternate

enbodi Tont SR coder, — ' i b 2@ tranBofolufiénatiecoder .
DEra Lin DRcResigraR edine; i a0 BB elifnd s efipead P Referring to

t he dr awi nggdmgi}@redhﬁuisadxpfagmﬂ@m ion system having the - ‘punct ur ed
convol utii onal codi ng nethod, and_sy ste

“indicated gener arhpwunymfmccm%??ats coyp eﬁéo %%nvsﬁﬁﬁaé c&ﬁﬁgcir@ﬁ (26 aﬁ@t al

communi cat | rRlkd’ oleper iehchurg ifctit @2 iddudesra codi ng and
SUBSTI TUTE ‘%ﬁ%ﬁ%&@%ﬂﬂ oD 967 53365{1‘@
PCT/ US98/ O fahiSmission mask circuit 46 through which the convolutional coded output passeg and

O]

a deleting pattern memory 50 connected to the transmission mask circuit 46 The
. transmission mask circuit 46 functions to puncture the convoluuonal coded bit stream
| as it paSses therewough to produce a punctured output. In other words, the
transmission mask circuit 46 transmits selected bits in the convolutionally coded |
10  output and fails to transmit other selected bits. Because fewer bits are outputted from
the puncturing circuit 22 than mputted the. punctured code rate for coder 16 is larger
~ than the convolutional code rate. Punctunng circuit 22 outputs a punctured output
having a punctured code rate of z/q, where z = k. A punctured code rate of z/q
~ means that for every z input bit inputted into the convoluuonal codmg c1rcu1t 20 q
15 btts must be outputted from the punctunng circuit 22.
| As the convolutionally coded output passes through the transmission mask
Cll'Cl.llt 46, bits of the convolutional coded output are grouped together to form
puncturing blocks. Each punctunng block includes L-bits from the convolunonally
coded output. As discussed in more detall below, the number of bits selected to form
- .20 a punctunng block is a function of the convolunonal code rate and the puncmred code
§ rate. _ .
Blocks of convolutionaily coded output are punctured according to a deleting
- pattern stored in the deleting pattern memory 50. The deleting pattern is an L-length
- series of ones and zeros, with each one representing a transmission bit and each zero.
25 representing a non-transmission bit. The déleting pattern bits have a one-to-one
correspondence with the bits in each puncturing block, and the ratio of ones to zeros
in the deleting pattern is chosen to achieve the desired punctured code rate.
In prior art digital communication systems, the puncturing block and -
- corresponding deleting pattern length was chosen to have the mxmmum bit length
30 necessar.y to achieve the desired punctured code rate. More pamcul_arly, each
puncturing block was foiméd_from a plurality of convolutionally coded n-tuples. The
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transmtting a digital input, and a receiver 14 for receiving and decodi ng
the transmtted, coded input. The transmtter 12 includes the general
conponent swofe623360 coder 16 having a convol utional codi ngP€T/P896/011430 and
a puncturing circuit 22 for- codi ng. the di:gital input, and a nodul at or
"24 for transnmitting the coded input. As 5 schematically shown in Figure
1, the convolutional coding circuit 20 cgdes the digital I nput to
generate a convol utional coded output and the puncturing circuit 22

ncture t nct ur ed
punctures et RS 75k EAASBhl A 108 IR Red 1t U o
nmodul at es ti'ueognmngmlnatdo pmvmetalandun'edamme ofz/q, winre zoe wkafada out put to
14. 10 R | | I d | at 26,
e Bl bl o B i 0 oSS SR 21

decoder 34. bJQRmﬁé’dTHﬁHJbtﬁ{cﬁfrec?& a block t&%ﬁ@é'ﬁéﬁ&x&ﬁ%uﬂéﬁ%h%bwrwt put
received fromthe transmtter 12 and outputs to decoder 30 a
denodul at edAseargingly, threbit ispathcaf pacin guratyring blogdofas prignes digitkpunct ur ed
out put and e nd
out put s . 16508 FaithANANelE HAS Bhnat o RERR0GRubT LB E iR Rl o
Referring t thefriumbee oﬁbxts ineeaph afaple e Thertiokknghrdf thé powdring Mocks of fiewn i n
nor e det ai | . Lgure 2 egcht s a sinplified convol utional cading
circuit 20 PHZahery "o describe the present invention.

Convol utional coghd@resért %uehu&%gﬁal dénffuricatioh system z{)rowﬂég’oﬁ b impfoved
function generators 40a and 40b, "and a nul tipl exer hift register 36 20

seri al | J0 r eeenvelsionaioeding methed and systemiby incmasmlpm bigdiangth ofsthe pupstering,r m of
an i npUt bi EIOBI and ﬂ?et&e?&% ﬁnba'blﬁe ﬁ)ﬁ mmi 1) - %q( @}l &glghttélp td me into

successi ve t stages group of
k-bits bei ngonvelmmnelobcﬁed emtput to-achipvea déareds;mmiuked code ratk N Asndiscussed,

convol uti on Codl n @cu't 16 havi. ngb?oc [ t| functi O‘E]F nera rs and

—
.‘

multi-bit s f\3; Rypgturis, °"°T?|B“‘?‘i§f¥8 Zfyr s
40a and 40bwhereti19= pkefo?rar&ﬂvcﬂﬁmﬂl ERithg Sfr€ui'B¢Hde Tate k/n is B ﬁd/aerm@md are

connected to different stages 44 of regl ster 36. Qutput bits are -

gener at &Y biengticef e mask black 40d deleting patigsm Sorathe prosent inyengan s selrgtedie

2 Bomvol ut | Do gl e g, ATPbE ghiéonvo P GOt kR T

consi sts of maxbuneget eam of successive n- tupI es where each n-tuple is .
formed by n-bits

d d d
into the convol u%ﬁéﬂ@&dﬁfﬁﬂ ‘E&?ﬂ?ﬁﬁfg”es ? : to @05}(995 fﬁé{nr‘éte

is advantageous because the number of potential deletmg patterns that can be chosen

. 20 to be used by the puncmrmg circuit increases as the deleting pattern length increases
and a deleting pattern havmg improved dlstance properties is available for selecuon
Thus, increasing the puncturing block length allows a better deleting pattern to be
selected for puncturing circuit 22. Use of a better deletmg pattern results in improved
distance properties of the punctured output and minimized b_1t errors during

25  transmission. |
Referring to Figure 3,a schemaﬁc 'representatioh of the flow of a generic input .
bit stream through coder 16 having a convolutional code rate of k/n and a punctured |
code rate of z/q, where z = vk, is shown. Initially., an input bit stream, depicted by
ay-8y, 3-8y, €tc., is inputted into cénvolutio_nal coding circuit 20. The input bit
30 stream can be viewed as being formed by a series of k-tuples, with each k-tuple
containing k-bits. .For each k-tuple inputted into the cdnvoiutional coding circuit 20, a
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convol uti apaleseR@hng Circuit 20 to n-bits exiting is referrlé‘él'lﬂﬁi’ﬁ@él"ﬁhe
eonvol uti onal coding rate, and is expressed as k/n.. The .

puncturing circuit 22 is coupled to the convol utional coding circuit 20 and
recei ves the convol utional coded output., The puncturing circuit 22 includes
ab transm ssion mask ‘circuit 46 thro&bh whi ch the convol uti onal coded

out put passes and a, d att he
traP\sm ESI FRITEROR ’E‘?r’bﬁ‘? ‘§J6“ %q(anggtg@sﬁw?gﬁgr@gﬁ@?@gﬁltenﬂ6

functions tc%dﬁié%i‘cﬁft@@tb%eﬁ&ﬁﬂé@' é&w&ﬁﬁbnﬂ@dﬁd dutput siepictehby by, biadai-bapasses
t her et hrou t 0 produce. a punctured output. In other words, the

transm ssmBICrrask circuit 46 transnmts selected bits in the convol utionally.

coded 10 out pupy A0ghbRlbuiy SohLPGREN s Ridi paRiongs phicuriatmute fever

bits are outputt CtUI’I ng circuit 22 than inputted, the
punct ur ed CmeThat:en\fomruomld&)ded.ESutput isqugetored on a blogkhy bipek dasis &Y §8S onal

code rate. Puncturing ciftcuit 22 outputs a punctured Qi fthe -NAvVing a .
punctured CRHETUIREEI Zﬁ&“‘?ﬁﬂ’é‘g@f‘&é[‘@grpja A‘p‘ﬁm‘ctur gﬂj(c;: de Tate of z/q

means that é&{voﬁﬁsmyzcdde&uﬁtpm ind 1R Weloifly ptte?n have £ binlerigtit Sbprel, whett ng

circuit 20, bi"ts must be outputte Promthestp B"H rﬁhwglr uit 22. |
As the convplwan mer;k@odéqcommplm apu&ﬁe‘e of MrYplss i frEcter 4 n mask

circuit 46, b f RitiuriieEbloéiOis peehdrami her to
form - BW"E%%H%I blbaﬁf &Eyﬁkéhhﬁgﬁhﬁtg%@?eﬁgﬂg | ock |gﬁt<’:| udes L-bits from -
~the CO“Y@' UtheQﬂﬁﬁrhmn number of puncturing block bits required to achieve the desired

punctured code rate. A punctured output is then outputted from the puncturing circuit

22 and is depicted by by;-b,, byy-by,, etc., where the bits of the convoluttonally coded

output that were not transmitted are shown crossed out in Figure 3. _
. _ thure 4a schematically illustrates an example mput bit stream of bits 1 0 0 1
15 passing through a prior art coder, while Figure 4b schem_atxcally. illustrates an -
identical example input bit stream passing through coder 16 of the present invention.
The prior art coder and present invention coder 16 are of the type generaily illustrated
in Figure 2 and include a convoluttonal codtng circuit 20 of rate k/n = 1/2 and a
_ puncturing circuit 22 designed to generate a puncturing code of :
- 20 z/lq = vk/q = 2)(1)/3 = 2/3. As shown in thures 4a and 4b; the input bit stream
; is first convolutionally coded so that for each 1-bit k-tuple, a 2-bit n-tuple is
~ outputted. The n-tuples form the. convolutlonally coded output deplcted as1101 10
0 0. o |
| - The pt'ior art coder shown in Figu_re.4a punctures the convolutionally coded -
.25 output eccording to a deleting pattern having a ratio of ones to zeros of three to one
and a length L=yn=2x2=4. The deleting pattern of the prior art coderis 10
11and generates a punctured output for the input bits of 1 O 1 1 00. Incontrast,
' the present invention coder 16 punctures the convoluttonally coded output according to
a deleting pattern having a ratio of ones to zeros of six to two (i.e., the ratio of ones
30 to zeros for the deleting pattern of the present mventlon is mathemancally equivalent .

to the three to one ratio ‘of ones to zeros of the present invention) and an extended bit
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coded output. As.discussed in nore detail below, the nunber -of -bits
selected to form 20 a puncturing block is a functlon of the convol utional
code rate angobisepunctured code - - rate. - BCRES9601143
convol utional ly coded output are punctured according to a del eting
‘pattern stored in the deleting pattern nenory 50. The deleting pattern is
an L-length series of ones and zergs, wth each one representing a
transm ssion bit and each zero 25 representing a non-transmission bit.

he del h th
bt eetlng"“gﬁ% urugahblo 2 02 3 ¥, Pl iesing panern C"q{‘%eeéﬁgaﬁmﬂ“&t ‘the

bits in eac Cand the' ra ones €r os in the
deleting patobderrisid thosem 1 amhgénem 4 penctbesi owrputfontelinme bisaé 1Ir hOd - '

cor oS pond - BrAR e BRI ecHrigHAe BRGet i Booer S 8 BURRITYOf 1 i
length 30 uséhe&egﬁé‘lr éhh@coﬁ@ﬂ' & ifort Bﬁgﬁ%ﬁi&&ﬂg%ﬂ&h%ﬁ@e%ﬁgﬁnr afﬁ% pifbr e

particul arly, edc puncturi ng ormed froma plurality of
convol ut § ondérigsh ebide deleting phattern of ithe present inventia® @8/b23been to be any multiple
PCT/ US96/ 011 - 8-
nunmber of n- ?J&‘&m §se%'°?t8r? ?%5’0%1 puncturing bl ock was determ ned by

recogni zi ng that Ancexatuple cfearpalperinté eibedigesteoficatier 16 iszhown W Figure 5= Ther r] k,
for a convol uti onal .coded output of rate k/n, at |east z

convol ut i ondhi5 pltergae Fmbogimans.cthe pupcturing cifsuit 22 ineiude sﬁmﬁ%@?kas a
bl ock to achieyieab "l‘@ca%ﬁip’s&&n? bf %%ﬁﬁpﬁ?&%f affe transmificOmeik dhonit dghe bi t

| ength of each puncturing bl ock or art digltal conmuni cati on
syst ens 10as xmgm at firsg E‘ms}l'ussummaskt%armhheptedddehb first €ipiction generatpr 401 by

L1 e Sy o Eile oSS bl sl £, 0K
present i nvelieiteansidlisgion ahasko4GaIAMAC46 28 a&yﬁgeermrpmuenwahfrespearto ithepr Oved
- function generators 40a and 40b such that each generator bit stream can be punctured
by a separate transmission mask 46a or 46b. As each ef the generator bit streams
15  passes through its respeetive transmission mask 46a or 46b, each transmission mask
46a or 46b 'grou_ps its associated generator bit stream into parallel blocks. "I,‘he - .
" combined parallel blocks of the different transmission masks 46a and 46b together
form a puncturing circuit block. The puncmririg circuit block is punctured according -
_ to a deleting patiem stored in the deleting pattern memory 50. The length of the
20  puncwring circuit block in con'espondxng deleting pattern, the ratio of ones to zeros

 of the deletmg pattern, and the arrangement of ones and zeros in the deleting pattem
~ are chosen in the same manner as descnbed fo_r the preferred embodiment. quever,
each transmission mask 46a and 46b punctures its respeetive bit stream-according to
only a segment of the deletmg pattern. o ..
25 For example a deleting pattern of eight bits would be selected for a digital
communication system 10 having a convolutional code of code rate 1/2 and a |
punctured code rate of 2/3. (See previous discussion provided in connection with
Flgures 4a and 4b). The first transmission mask 46a would puncture its respective bit
stream according to the first four bits of the deletmg pattem and the second
30 transmission mask 46b would puncture its respective bit sn_'eam according to the o
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10 convol utional coding nethod and system by increasing the bit-1ength of:
t he puncturing ~ block. and the deleting pattern above the m ni mum bit .
| engt h re‘gBl kBskeh© Puncture a convol uti onal coded out POT/US¥/MI4F eve a
desired puncture code rate. As discussed, the mninumbit length of.a
puncturing block to achieve a punctured code rate of z/q, where z = -
[err]k, for a convolutional coding ci rﬁ it of coderate k/nis L =[err]n.
The bit 15 length of the mask bl ock amd del eting pattern for the present

t | ected | t
ST S B o okt ey W R b
The sel ectb)pgh 0&0 epigh ‘hﬁagbﬁtpﬁ@rmé bﬁmﬁnsd(oulbm:k and -del et i ng

pattern - vanta eous because the numnber tenti al ﬁ Il ng
patterns that cB.efenmlg:Woglmsz the decoder 3%of I?felt’ﬂ'el‘bﬁ Rt T FE

I ncreases m&@ Anghda del et| ng
pattern ha Rgr%@ééfg%’&ﬁance %%ﬁ%&tﬁies [ a\giqulngublfeé for. sel ection.
Thus, igicr a@;ﬁmaﬁrﬁleq:ammqhmm@sbmu convajutional tepader6(heThe deppar@rerng
‘pattern to be sel ected for puncturih

circuit, 2 ter
del eting p&#meeassses she tegewtsi P%Wa‘a“tput accg'&f‘@t‘ﬁr?& m%uﬁt‘?‘e@s 0 th
t d t rt-erpmmmmmmﬁ '
puncture %ﬁé gﬂ‘?‘gﬂgérba B gmp*gGermrlgseMg Pditedb corrds

Ref err.i ng ematic representation of the f g [E a generlc
i nput delatmg pattern wsedhbyothg eoderclsy. Axlepungtirgd SUEE SPHRYHS BDde rate of

k/n and a uncr{cql%?e}:([j 54 and glp‘?lg%ﬁﬁ“{ g ] Etvcg(ngtm:«ﬂ'\’ﬁgt:rt'ﬁexz?0‘wi&h lebirespoBdsteown.

InltlaIIy dep| _a err] .
al err] 48[ enkd coroRutionalcotiing wirceid 16ntIa the preférmd embxidimenti. rhg C@nvq,lummtzo The

i nput bit 30 stream can be vie ei for b
k-tupl es, \deeades§0HSs R MaxipRm l:kelmoqgotﬁepgn;) ‘ng é‘ﬁdoy%i. eac &ﬁi tuple

i nputted i Q;alﬂ ts a decoded 96/ 23360
PC_F; oS oflb%ggéxn&mﬁpay&hw 6P BodsOME RSpifiichiret butdlt ard outpu . 0 96 |

output which is an estimate of the digital input of coder 16.

. The present invention is directed primarily to a dlgltal communication system
15 10 bhaving an unproved punctured convolutmnal coding system and method More
| parucularly, the digital communication system 10 prov1des for punctured codes having
improved distance properties by punctunng convolunonally coded outputs accordmg to
deleting patterns having bit lengths greater than the minimum bit lengths required to
_ puncture a uanicular convolutional.cod.e to achieve the desired punctured code rate.
20 ‘The deleting pattern of the present invention has bit lengths derived accordmg to the
| equation L = pyn, where p is = 2. Usmg a deletmg pattern having an extended blt |
length prov1des for unproved distance propemes of the punctured output resulung in
~ an improved bit error rate for digital commumcauon system 10.
| Specific details of the block elements of the digital communication system 10 -
25 described above can be located i in many references previously published and a detailed
discussion of such is not deemed necessary. Different embodiments and adaptations -
besides' thosé shown herein and described as well as many variations, modifications
and equivalent arrangements will now be apparent or will be reasonably suggested by
- the foregomg specxﬁcauon and drawings, w1thout departing from the substance or
| 30 scope of the invention. While the present invention has been described herein in

detail in relation to its pfeferrud embodiments, it is to be understood that this
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correspondi ng n-tuple -of n-bits, where n > k, is outputted fromthe

convol uti onal coding circuit 20 to generate a convol utional coded _
out put depW@ew23¢0 bl err]b[err], b[err]-b[err], etc.  PCI/US9601143The .
.convol utionally coded output is then inputted into the puncturing circuit 5
22. The convol utional coded output is punctured on a bl ock-by-bl ock basis
by the puncturing circuit 22 accordifug to -a deleting pattern,
c[err]-c[err]. Each block of the convol utional ly coded output and the

~del eti ng patiisclosurday oniy iftistratied sidempMr§ oflthe pikséit Savention 4hdii§ tﬁéi‘ely heger >
2. Accordingly, a nultiple of n-tuples i5 selected to formeach '

puncturing BRpeResS RrﬁﬁﬁmWeﬂlﬂmwbimgbh@@oﬂlm obibh ipvendenr Aseprdinglyk if s.
reater thag | ARy C ed to
gchi eve the dﬂia.'nﬁi&edﬂldﬁmmﬂ{E unc#ur e@u aog‘l'wﬁgﬂé ﬁinngt%?ﬁe%ds%&% @ﬁ!ﬂ,{ s then

out put t ed famnmﬂabhpmunturlng circuit - =~ 22 and is depicted by’
b[err]-blerr], b[err]-b[err], etc., where the bits of the convolutionally -
coded output t hat - were not transmitted are shown crossed out in

Fi gure 3. - Figure 4a schematically illustrates an exanple input
bit streamof bits 1 0 0 1 15 passing through a prior art coder, while-
Figure 4b schematically illustrates an - ‘identical exanple input bit
'stream passi ng- through coder 16 of the present invention. The "pri or
art coder and present invention coder. 16 are of the type generally
illustrated : in Figure 2 and include a convolutional coding circuit 20
of rate k/n = 1/2 and a puncturing circuit 22 designed to generate a
puncturing code of 20 zlq = [err]k/iq = (2)(1)/3. = 2/3. As shown in
Figures 4a and 4b, the input bit stream . is first convolutlonally
coded so that for each 1-bit k-tuple, -a 2-biit n-tuple is " outputted.
The n-tuples formthe convol utional 'y coded output depicted as 110110
00. . ‘The prior art coder shown in Figure 4a punctures the
convolutlonally coded 25 output. according to a deleting pattern haV|ng a
ratlo of ones to zeros of three to one and a length L = [err]n = 2 x
2 = 4. The deleting pattern of the prior art coder is 1 0 11 and
generates a punctured output for the input bits of 1 01 100. In_
contrast, . the. present invention coder 16 punctures the
convolutional]y coded output according to - a deleting pattern’ haV|ng
aratio of ones to zeros of six to tw (i.e., the ratio of ones 30 to
zeros for the deleting pattern of the present invention is mathematically
equi val ent to the three to one ratio of ones to zeros of the present
|nvent|on) and an extended bit :
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| ength of - Ilwo9pRIsee]|n = 2 Xx 2 x 2 = 8.- The deleting pattern Rﬂ'l‘ftlwopl’iésent
invention coder is 111110 01.and generates a punctured out put
for the input bits of 1101 1 0. Becausethelength of the deleting
pattern is larger than the m ni num bit |_efgt h - used by prior ‘art .
decoders, a nore optinmal deleting pattern can be chosen. The bit 5 | engt h
of the del etwﬁg iPRidiREdisof the present invention can be chosen to be any.
nul tiple of [err]n which i's greater or equal 'to 2. An

exanpl e of an alternate enbodi nent of coder 16 is shown in Figure 5. In

this alternate enbodi turl ci.rcuit .

transm ssion masﬁb %QFYIEEUF"? cgqu @g ?fh‘gg éléﬁ_’r%gfnpf’ k’&ﬂﬁ?ﬁ%pq exer 42.
The transni spnfotutieEk cededCatitgut 44nd1for puﬁ&ﬁm%eﬁxe%oﬁwidlﬁﬁonhr égliedioatpubto mask 46a
connected to the first function generator 40a and a secon

transm sSi orESREBIE 4 BEEYRH SRPRYTOr frapyRissier 6PrAPHSIMEt | on gener at or. 40b.

The transmi ssion nmasks 46a ,and @&ﬁﬁgﬂ respect to'
t he function generatoras 403%’#\%&%{@& suc %ghlgﬁcﬁh%g%\%%% {cé)brr bi t .
stream can be punct ur geceiving theydigital égput and defizing inpus keuplessefik-bizs and fash. As
each of the generator bit streans.15 asses thr.ou |ts r

transmi ssion mask 46a BPHEE, ﬁ’é&ﬁ#‘f‘%‘éﬁf%ﬁ&ﬂ ﬂ ple °fR§’e\8 eﬁ%ﬁ“’gr oups
‘its associated. gener atpfupfes fori ﬁeaﬁﬂdiﬁtidhap@fdeh'oﬁipub' ocks. The conbi ned
paral |l el blocks of the d| fferent transm ssion masks 46a and 46b toget her
forma pénhcturing circuit B ockawn@tupng]@trequgreqepw thergopvalutienal, godedyr ed
according to a dgj !’,gg‘h t t jenory
50. The length of the punctur| ng éiﬁﬁegﬁ:lrxtk/@%xn@x‘i‘a&@%&c% eggloatngl[ Elég?

del eting pattern, the: blmkl basrsfsocaaecsomputzepuncmred outpuf at puntaired codg yatet t er n,

and the arrangenent of nd_zerQs n the Jdel et tern are
chosen in the same marth gﬁ%écrl’%e&h‘? YIRS ST %M‘%{- odi nent .
However, each transm ssi oK) masl ndﬁanﬁﬁdnmkau&ﬁt forgougisg ﬂﬁspect ive

bit st re%m according to
convolutional coded output into puncturing blocks as the

convolutional coded output passes through the punctur_ing'ci-r_cuitl,
and for puncturing each puncturing block according to'a deleting
pattern having transmission and nontransmission bits,, -
_ i)  a deleting pattern memory for storing the deleting '_
20 pattern, and _ -
o iii). ~ wherein the deletmg pattern and each puncmrmg
block has a bit length equal to o, where p is an integer 2 2.

2. The device of claim 1, wherein the convolutional coding. cxrcmt
25 includes a shift register havmg k-bit stages for recexvmg k-tuples and a plurallty of
function generators selectively connec_ted to the k-bit stages,__ the function generators
each outputting a generator bit stream where the generator bit streams together form R
the convolutional coded output, and the device funhér including a muitiplexer for
mulnplexmg the generator bit streams and outpumng the convoluuonal coded output
30 inthe form of a convolutional coded bit stream. '
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onIy a segrrent of the, deleting pattern. 25 - For exarrpl e, a

del etlng pattern of eight bits would be selected for a digit

comuni caty,@9e8388¢ €M 10 having a convol utional code of codé’qféisﬁ"ﬂlf’ and a
punctured code rate of 2/3. (See previous discussion provided in connection

W t h - Figures 4a and 4b). The first transm ssion mask 46a woul d- :
puncture its respective bit strea]?Oaccordi ng to the first four bits
of the deleting pattern and t he second transm ssi on mask 46b woul d

puncture its regpectjiye . bi.t strea or di oding circuit
SUBSTI TUTE SHEEY: (RU g% ice oft claim @éﬁggé@gmﬁnal coding

PCT/ US96/ Ojdidies a shift register having k-bit stages for receiving k-tuples and a plurality jof
second four bits of the deleting pattern.. The puncture tlo&]fe Eﬁﬁﬂ? are
t hen conbi rienttion genmwtsfﬁ@les@m comnertedte the-Bit sa2%s dbﬁ#‘&‘ﬁ E’ he -
punctured oy ' {r2d Gendritor B eaeans fHPmof

1 $o0eElratipe 2 gepermor pifREfh Wikrd g Coll

recei ver oder 30 includes. a
depunct gri nge eanvommz;oum/outgmaammmhumemaﬁmmmm cxr%b%@fitm ng

pattern nmenpry 56, and a.convo] utional decoder SeddoSind 54
processes tm'gawcfg%amﬁa‘ﬁe% H‘gteﬁ‘ih “rfgastko a Tnserting pattern
stored in mhﬂg eﬁtd*m,mreaﬁtﬁ@hrbnmgyﬁﬁ&mﬂgmermem form ipatter n
correspondsI he del eting pattern used

D Yon mssk $9sEther toing’
depunctur ewmgmmtm gie plymlity of transmission maskto erbeing

punctured according to the deleting pattern with each transmission mask puncturing its

10 associated generator bit stream on a block-by-block basis accordmg toa deleting
pattern segment such that the combined deletmg pattern segments form the deleting

pattern.

_ _ 4 “The device of claim 3 further including a multiplexer for multiplexing
15  the punctured generator bit streams and outputting the punctured output in the form of
a punctured bit stream. '

S. The device of claim 1 further inciuding a modulator for receiving the
punctured output and generatmg a modulated output con'espondmg to the puncmred
20 output and transmitting the modulated output to a receiver.

6. A digital communication system, comprising:
_ a. a transmitter for convolutionally coding a digital input to-
pfod_uce a convolutional 'coded.output, and for puncturing the
25 o convolutional coded output to generate a punctured output for
transmission including: - _
| i) a convolutional coding circuit of code rate k/n for
receiving the. digital inuut and defining input k-tuples of k-bits,
and for outputting for each k-tuple a correspoudin_g n-tuple of n-
30 ; “bits where the n—t,uples form a conivolutional coded output;
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depuncturer 54 and i nputted info'the convolutional decodef 60 which
corresponds to 10 the convolutional coding circuit 16. In the Freferred

enbodi ment \WOR623360vol uti onal - decoder 60 is a maxi num IBGEVIRBHE
decoder inplenented by a Viterbi decoder. The - convol utional decoder 60
"decodes the depunctured output. and outputs a decoded _output which is
an estimate of the digital input of codejs16.. - - The present:

invention is directed primarily to a diagl taI comuni cation system 15 = 10
_having an inproved punctured cogyol uig rifpQdicfl £ fek@Ving e Mt hod. More
particularly, the digital corrmJnl cation system 10 provides for punctured
codes havi ng i npr oveaomohmnds:opcd)pu;puu and for pynemtring the gonvolutional

convol utional ly coded outp rns having '
bit | engths greater than tgé&%ao%%"&gqls%é%?wgkgg sﬁ%dr% ° H“Q punct ure
a particular convol utional passgred ougpabary purichted! esierract qﬂm;,twhad zZC8O¢k, I at e.
20.. The _deleting pattern of the present, Invention has bit |engths derived

according to the equéﬁqWE‘mgﬁFE\“F}%’“%re pis > 2 Using a -
del eting pattern having an extended by E‘s[ﬁtﬂfﬁa&r&i'@uﬁ%r bfjupingPr oved
di stance properties of the punctured output resulting In an |nproved--

bit error rate for digital comrthelmvmlumm}'smo}mut into puncturing bloclgpasci f i c

details of the block elenments of, the ni. cat 10 25
descri bed above can be | ocated ft}?"r?é‘ﬁﬁ(’} ﬁ%@?ﬁ@@‘%ﬂ‘é’ﬁ%ﬁ@@@&ﬁﬂ shed and
a det ai-l ed - di scussi on of panttiringSciftait, &P i puhCRfng sach. punctufiag ent
enbodi nent s -and adaptatlons " besides those shown herein and descri bed

as wel | 18s many variations, ‘nodilack Aecasding to a deletipg gageyp hayipg ffansmission

arrangenents wll now be appar egﬁ d B5nttinktnistiSn rbfftgsonably suggest ed by
the foregoing specification and draw ngs, w thout departing fromthe

~substance or 30 scope of the |nvenb)on a dkleting patterp memony forrsyeting e has

been described herein in Fglgf}g n relatlonto its preferred
enbodi nents, it is to be unders WO 96/ 23360
PCT/ US96/ 01143 c) wherem the deleting pattern and ¢2ch
5 _ ‘puncturing block has a bit length equal to pyn, where P
| is an integer = 2; and
b. a receiver for receiving the modulated 31gnals and

decoding the modulated signals to output a decoded output
correspondmg to the dlgltal input, the receiver mcludmg |

20 1) a demodulator for receiving the modulated signal

and modulatmg the modulating signal so as to output-a
punctured coded ‘output, ‘and
ii) a decoder for receiving the punctured coded output and for decodmg
_ the punctured coded output so as to output a decoded_ output. _

25 | 7. The digital communication 'system- of claim 6, wherein the
convolutional coding circuit includes a shift register .ha'wing k-bit stages for receiving
k-tuples and a plurality of function generators selectively connected to the k-bit stages, -
the function géneratoi's each outputting a generator bit stream where the generator bit
streams -together form the convolutional coded ouipht, and the device further including_ >

30  a multiplexer for multiplexing the generator Sit streams an_d outpu_tting'the :

convolutional coded output in the form of a convolutional coded bit stream.

SUBSTITUTE SHEET (RULE26) |
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di sclosure is only illustrative and exenpl ary of t he present invention and

Is nmerely for pur poses. of providing a full and enabling discl osure of
t he i nventywegmwerdsegor dingly, .t is intended that the i nvROT/US6/0ME43
Iimted only by the spirit and scope of the clains appende_d hereto. 5 .
-16-
8. The digital commumcauon system of claim 6, wherein the

- convolutional coding circuit mcludes a Shlft register having k-bit stages for receiving
k-tuples and a plurality of function generators selectively connected to the k-_blt stages, .
the 'function generators each outputting a generator bit stream where the combined

5' generator bit streams form the’ convolutxonal coded output and wherein the
transmission mask circuit includes a plurality of transmlssmn masks with each _

: trammlssmn mask being connected to’ and puncturing the generator bit stream from
one of the funcuon generators to form a punctured generator bit stream, the plurality
of transnnssmn mask together being punctured according to the deleting pattern with

10  each transmission mask puncruring its asspciated. generator bit stream on a block-by-
block basis according to a deleting péttem' segment such that the conibined deleting
 pattern segments form the deleting pattern. -

9. The digital communication system of claim 8 further including a -
15  multiplexer for _muitiplexing the punctured generator: bit streams and outputting'the
punctured 'output in the form of a pumtﬁred bit stream.

10.  The digital communication system of claim 6 further including a |
modulator for recexvmg the punctured output and generating a modulated output

‘20 corresponding to the punctured output and transmitting the modulated output to the
receiver.

'11. A punctured convolutional coding' method for a digital communication
system, comprising the steps of: | _
25 . . a, convolutionally coding a digital input with a
| convolutional coding circuit of code rate k/n to produce a convolutional -
coded output, the convoluuonally coding step including: _
i) inputting the digital input into the convolunonal
coding circuit and’ defimng mput k-tuples of k-bns, and

SUBSTITUTE SHEET (RULE 26)
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12.

-includes the steps of generatmg a plurality of generator bit streams where the

- 13-
PCT/US96/01143

-17-

i) outputting for each k-tuple a corresponding n-
tuple of n-bits where the n-tuples form a convolutional coded
output;

b. punctunng the convoluttonal coded output witha _
uneturing circuit to generate a punctured output of z/a, where z = vk,
for transmission, the puncturing step including: |

i) - inputting the convolutional coded output mto a
transmission mask circuit,

i) groupmg the eonvoluttonal coded output into
punctunng blocks as the convolutional coded output passes -
through the transmission mask circuit, and

iifi)  puncturing each puncturing block according to a
deletmg pattern having transmission and nontransmission bits,

iv) stortng the deleting-pattern in a deletmg pattem .
memory, and - _ -

v)  wherein the deleting pattern and each puncturing'
block has a bit length equal to u'yn,_ where p is an integer = 2.

The method of claim 11, wherein the convolutional coding step further

generator bit streams together form the convolutional coded output, and multtplextng

the generator bit streams and outputting the convolutional coded output in the form of '
a convolutional coded bit stream.

13.

includes the steps of outputting a generator bit stream from each function generator

The method of claim 11, wherein the convolutional codmg step. further

where the generator bit streams together form the convolutional coded output; and
wherein the puncturing step further includes the steps of puncturing each generator bit
stream with a dtfferent transmrssron mask where the different transmission masks

form the transmission mask circuit, and puncmnng the pluraltty of generator bit

streams according to the deleting pattern with each transmission mask puncturmg its

SRSTITTESHEETGEEEE M) ) A



1. A device for convolutionally coding-a digital.input to produce a
convol utional coded output, and for puncturing the convol utional coded

out put to fyoodiBa6y ate a punctured output for transm ssion @mmsammgs

a. a convolutional coding circuit of code rate k/n for _
receiving the digital input and defining input k-tuples of k-bits, and for.
outputting for each k-tuple.a corresponding n tuple of n- bItS mhere t he
n-tupl es forma convol utional coded out pUt; b.

a puncturin I

out put and ?%s&%&#éeurl n bﬁﬁsge%g Wt %‘gﬁ%}éﬁ’ggﬁsﬁp Etﬁlgge%na %elﬁtlm&ck by-
bl ock basi s pswerasegmemuucwthaampwaﬁibmeedereuﬁgapim segmtsdbmuehb deletingr at e
of z/q, where z = [e he puncturing circuit incl u%

i) a traR3WRTE ﬁﬂmﬁwﬂeﬁsweskf PPy BHRGPIseS generates it ftams forming the
convol_utlong{m&&ggg, put into puncturing blocks as the : -
convol ution code: ut put passes through the puncturing circuit,

and for Huncturing each puncturing bl ock accordlng to a deleting

Do el o9 ni et mhF R ) (L RBPe0 Rk b wep of moppiening he

pattern, angunctured generator bit streams and outputting the punttuted outfift ikt foha ofal eting

pattern and each: puncturl ng bl ock has a bit |ength equal
to plerr]n, PRRguted bit stregm. | nteger > 2. . . -2.'_ The devi ce of
claim1, wherein the convolutional coding circuit 25 includes a shift

reglster havi ng k-bit stages for receiving k-tuples and a plurality of "

functi od0gener at d6s sdheaeithag §f clajmnEk further mctddmgkgelncltausg agradulatéde funct ion ..

generators qNSEa | .
gener ator bi opE, “EF‘E‘Z%%&%&%@F@B&H outpt H%Pr § \gﬁ&é%& J&?puttput
and t he deviacecdivert her incl uding a nul t'i pl exer for mul tipl exi ng the

generator bit streans and.outputting the convol utlonal coded out put 30 in
the formof a convolutional coded bit stream : s

16. A device for convolutionally coding a digital mput to produce a

15  convolutional coded output, and for puncturmg the convolutional coded output to
generate a punctured output for transmission compnsmg
a.  a convolutional coding circuit of code rate k/n for
- receiving the dlgxtal mput and defining input k-tuples of k-bits, and for
outpumng for each k-tuple a corresponding n-tuple of n-bits where the
20 : - n-tuples form a convolunonal coded output; and - .
| ' - b. a punctunng Cll’Clllt for recelvmg the convoluuonal coded
o output and for punctunng the convolutional coded output on a block—by-
‘block basis so as to output a puncmred output at a punctured code rate
| of z/q, where z = ~k, the puncturing circuit puncturing the
25 o ~ convolutional coded output according to a deleting pattern having a bit
length equal to pyn, where p 1s an integer = 2. '

sussmuesiezrguszo (IR
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3. The E ?5 f claim1, wherein the convol uti onal codlmmwsmuuz

i'ncl udes a's regi ster having k-bit stages for receiving k-tuples and a
plurality of function generatorg/gel ectively connected to the k-bit -
stages, the function generators each outputting a generator bit stream
where the gonbi ned generator big/gsteyPy7t orm5 thﬁg Zol utional coded
out put, an erein the transm ssion mask circuit ‘i n e - plurality
of transm ssi masks Wi th each tragsm ssi on mask being connected to and
puncturing.the generator the function generators to
forma °~ - punctured gengrator bit stream thle plurality of transmission

mask toget her being unct GOMLITI0NAL ng t
each transm ssion fask punct uriggp/lg §/R00IT assoki
on.a bl ock-by-bl ock basisfaccording to a delet|ng - - ~ pat tern segrent such
that the conbi ndd—del etin Fmthe deletin pattern.
4 The devi &ﬁ gf claim3 further (i ncluding a nuliti RMKEEINENAL

rul ti pl exing CaDER e punct ured generfafor ~bi t-S{reans P OPFBOUTPUT ng t he
punctured output i the foumaof a_punct ed bit stream ' '
5. ~The devi ce of| claim|l further includi ng nodal-at or- for -recervi ng the
punctured output ard genenati ng syyppdedgt ed ou p t corresponding to the
punctured 20 out put—an®{t r ansm TRoaT he rmd ed output to a receiver.,

gfe deleting pattern with
ed generator bit stream

6.. "A_'di gi tal conmmuni catli on system corrpriS| e - S

T  PUNCTURED |

. : ouTPyT :

. : : ' IS |

=" o T
: MODULATOR -24

, : F=—~-=—-===--17

' |

] \ - HODULATED -

YTty agreir

- : b i e m =

T

\ et 'I'
_____\ DEWODULATED
o oureur
: Lmcmem e = === J -
— oerowcrorms | 4
o R A |
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wre | Lo\ orruwcrurep
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a. a transmtter for convolutionally coding a digital input-to
produce a convol utional coded output, and for puncturing the 25
convol uti oy oseaskpd out put to generate a punctured output fBCTUSI6N01143
transm ssi on i ncl udi ng: _ i) a

- convol utional coding circuit of codeggje kin for o

receiving the digital input and defining i nput k-tuples of k-bits,

and for outputting for each k-tuple aggorresponding n-tuple of n- 30

bits where the n-tuples forma convolqgugnal coded out put; ' WO
96/ 23360 : C EEEE ' :
PCT/ US96/ 01143 oSN . -15-

ii) a puncturing circuit for receivin
convol uti onal coded output and for pun
coded output on a bl ock-by-bl ock basis $§0 as to output a '

punctured output at a punctyied code rate of z/q, where z = [err]k, 5

the puncturing circuit incl8ng: |,
a) a transmission mask circyit fpr groupi
t he convol uti onal coded out put MWnt o} punctur

the convol utional coded output passes &hLoug

uring the convol utional

O
(e
3
jo})
(%)

puncturing circuit, and for puncturin h LI g‘ld
bl ock according to-a deleting pattefn ng S §oh
and nontransmi ssion bits, S 8|S | x 2 b)
del eting pattern nenory for storing tk&gzg §§
S |

del eting pattern, and _
wherein the deleting pattern and eagh

DELETING PALTER

FIG 2

42
$
MULTIPLEXER

-—ﬁ

40b

40a
+
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15 o o . puncturing bl ock has a bit |ength equal

to p[err]n, where p - is an integer > 2;

and W0 96/23360 - b. a receiver for receivi rcIsesoodal at ed
si gnal s and o decodi ng the nodul ated signals to output a
decoded out put ' _ (ﬂﬂgﬁ§pond|ng to the digital input, the
recei ver incl-uding: 20 i) a denodul at or
for receiving the nodul ated signal . 1 and
nodul ati ng the nodul ating signal so as to output a

punct ured coded out put, and : i) a decoder for receiving the
punctured coded output and for decodi ng, t he punctured coded output so
as to output a decoded output. 25 Pf) 7. The digital comunication
system of claim6, wherein the copvol utional coding circuit includes
a shift register having k-bit stages foNJeceiving k-tuples and a

plurality of function generators select{wely connected to the k-bit stages,
t he function generators each outputting generator bit stream where the -
generator bit streans toget her formthe convol utional coded output,
and the device further including 30 - a nmultiplexer for multiplexing the
generator bit stregans and outputiing the _convol utional_coded out put

in the formof a conwl ut i onal codEd bi t streamc V\Dc%/ 23360
PCT/ US96/ 01143 -16-
8. ‘The digital c&ﬁnunlcatlo s§%tentof clalmG& wher ei n tH@
‘convol ut i onal di ng- ci rcui t&i ncl ydes a shi ft ﬁéglster havi ng. k- bi t st ages-
for receiving 54 k=tuples 3nd a-plurality of function generators
sel ectively cofmdcte@to the~k{bi tast ages, *the function.ggnerators
each outputting g geférator hm S am where thguconblned S-qSgener at or
bit streans formithe.convol uti ¢nal ¢ coded out put, ‘and wherein the _ _
- S - D
L0 g (& L
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transm ssion mask circuit includes a plurality of transm ssion-nmasks with

each transm ssi on mask bei ng connected to and puncturing.the : _
gener at or ‘thg eidefam from one of the function generatmusgamimm a
punct ured gener at or bit stream the plurality . of transm ssion nmask

"toget her being punctured according th/f he deleting pattern with 10 each
transm ssion mask puncturing its associated generator bit streamon a

bl ock- by- bl ock- basi s accordﬁ | eting pattern segnent such

t hat the- combi ned del eting ern sedgnents formthe deleting = -
pattern. ' OI61TAL 9 he d| gi tal (gommuni cati gp system of{claim 8
further including d#887 nultiplexer for | tiplexingthe punctured -
generator bit streans and outputting the punctured output in the form
of a punctured bit stream . 10. The digital comunication
systemof claim®6 further including a - ~ nodulator for receiving the.

punctured out put and generating a nodul ated output 20 correspondi ng to

the puncture (gq'ygmd transm tting the_ nodul ated gqujput to th :
receiver. gggg ouTPUT . 11A punct ur@d convol utib tgl codi ng&@t hod for

a digital conmunication - system conprising the steps of:
a. convol utional l'y- codi ng a di gi tal input with a

convol utional coding ci rcuit e k/ n to produce a convol ut i onal
.coded output, the convolu Lkﬁ cl udi ng:
i) i nput ting. in nvol uti onal _

t
coding circuit Jg%im ng inp@® k- tupI e$ 'pf k-bits,{&hd id
- PUNCTURED N | |
ouTPUT 1X~ O 1% . 00

FIG. 4b

eI S
WPT 1 o o 1
CONVOLUTIONAL S
CODED OUTPUT it o1 to. .. 00
| l———mm/e PATTERN zmr//'___.‘ -
Gireey 1 11 . 10 ot
PUNCTURED | | o
“oyreur I o | 1)2( . _XO
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-17- : : ii) outputting for each k-tuple a
COr I eSPON&y ¢ P6/55360 ~tuple of n-bits PCAAISE6/91143
n-tuples forma convol utional coded : out put ;.

b. puncturing the convol utional g?gd out put with.as :
puncturing circuit to generate a pun red output of z/a, where z =

[err] Kk, - for transnmkgsion, the puncturing step |nclud|ng
i) i nputting the convol uti onal codégkoutput |nto a _
transm ssion nmask circuit, EEEE ii) - groupi ng

the convol utional coded output into 1

.bl ocks as the convol utional coded out§§§°passes

t hrough the transm ssion mask circuit, and
ﬁg

puncturi ng

iii)  puncturing each puncturing bl ocktaccording to a :
deleting pattern having transm ssion and nontransm ssion bits,

i V) storing the deletlng pattern im—a—getpting pattern 15 '
menory, and ‘e~ | ' v) . wherein the deletlng
pattern ‘and each puncturlng Ty o ' - block has a bit
| ength equal to p[err]n, where pis an.'nte er > 2. 12.
The net hod- of clairgjll, wherein the congIu i onal codi.ng step further 20
i ncl udes the steps. of generatimg—=pl urRlit=of—gemerajor bit streams where
the © . generator bN\{ dtreans togéthdly fofmthe convpl utional coded _ _
out put, and nulti pl exi t he genéﬁhto bit streafrs and outputting the -
convol utional coded output in the fgrm of - a convgl utional coded bit
stream 25 . The netthod of ¢laim 11, wherein the
convolutlonal codlngrQiiﬁ—4+#¢iuﬂ;__;‘~;\~\‘\\\\§‘~. _
0 = 1S " =
S e S
G o | L NS ox | o
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i ncl udes the steps of outputting a generator bit stream from each function

gener at or where the generator bit streans together formthe
convol uti onwo ssedzes out put; and wher ei n the punct uri ngpetreseeiodidzsher -
i ncl udes the steps of puncturing each generator bit streamwith a -

different transm ssion mask where the gyr6ferent transm ssion masks 30 form
the transm ssion nmask circuit, and puncturing the plurality of generator

bit - streans accordi ng to the del eting pattern with each transm SS|on'
mask ‘puncturing its . : V\D 96/ 23360 o :

PCT/ US96/ 01143 ' - 18-

associ at ed generator bit stre@so,n a bl ock- by- bl ock basis according to a

del eti ng pattern segnent §l§h that the conbined del eting pattern
segnent's: formthe del eting Q@attern and the transni ssion nmasks out put
punct ured generator bit strea™® Porning the . punctured output. 5

14... The method of claim 13 fujther including the step of nultiplexing the
punctured generator bit streansjand outputting the punctured output in the
formof a .punctured bit stfeam 10 15.  The et hod of
claim 1l further including genefating a nodul ated out put
correspondi ng to the punct L and transmtting the nodul at ed output
to a receiver. ' 6. A device for convol utionally
coding a digital input to produce a ' -

6
(
CONVOLUTIONAL
DECODER

FIG. 6
/52
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DEPUNCTURER
DELETING PATTERN
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15 convol utional- coded output, and for puncturing the convol “- gal coded

output to generate a.punctured output for transm SSI on ik i ng:

ag a convol codi Ng,q Exi.ﬁrn@ﬁhacﬂj L GRBRTY BREANEZ G AT

recei vi ng th taI i nput "and def Inwmatopal Buseaut k- tupI es of k- bi s, "and for
out put mmmhmmmmmmﬁmﬁsmmbm TRE!RATENTCOOPERATONEREA T @C).

ot artret

i n@l)ﬂlrwiew&}bmﬂmwbeoded WO 96/23360
terﬁat%gmfmﬂlf&{?o‘ﬂtm%n a hl ¢ 3:%\& 8% (01,08 96)

npunctured co

bIo k basi s so_as to out put_a punctur
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&7 Abgtract.

A digital commiunication system having a punctured convolutional coding system and method. The digital communication system
includes a coder for coding a digital input to be transmitted from a transmitter and a decoder for decoding the coded input received at the |
.| receiver. The coder includes a convolutional coding circuit of rate k/n for outputting a convolutional coded output and a puncturing circuit
| for puncturing the convolutionally coded output to achieve a punctured code rate of z/q, where z = vk. The puncturing circuit punctures
 the convolutional coded oitput according to a deleting pattern chosen. to have a bit length of L = pyn, where p = 2. The punctunng circuit

outputs a punctured output at punctured code rate of z/q and the punctured output is transmitted to the receiver. The receiver decodes the
transmltwd punctured output and outputs a decoded output. .




