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BACKGROUND The invention generally relates to methods and

apparatus for coding and 5 decoding signals and, nmore specifically, to
met hods and apparatus for convol uti onal decodl ng. The

instant invention is directed to inproving the comruni cati on of
digital radio information. Digital information nmay be conceptualized as a
message conposed of binary bits of information, where each bit can either
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appreci ated t hBEcm)ED BY CEC 'BITS PLACED INSIDE MUL'TEFLLE COPING BURSTS|ue
nmessages. One of the findanental difficulties encountered by

radi o conmuni cati ons systens is the presence of noi-se in the

comuni cati ons channel s. Noi se can 1mmi ous problens in a digital

conmruni cati ons environnent. Noi se ed during digital radio

communi cati ons can 1gs fhventibn Rederaly eélates W iethods and apparanwifor eoding and
information. The bit errors, In turn, may render the I nformtion

usel ess, 05 wodecoding signals m,musppw@ tterfnerbeds: sad apparates foff or mation to
be correct tually in error). In order to conbat noisy -
channel s, and {VO w%?@?'teﬁifgﬁgme bit errors, digital radio comunications
systens typically e'l‘ﬂé%tant inventi6h is directed ﬁﬁﬁﬁp‘:bvm the ¢ommumicationragfct i ng
circuits. I mpl e exanpl e of error detection codlng is as

follows: for adigitehmdio mfomatxgm abigital infgemation may becancepiyalizeh 98 8f t hat
message to the or| |naI o@m blgfoé%%}éghhnbﬁh&et %ﬁt’&h’@{hcf"ﬂ copy,

and perform a mepsa recelrved nessag

recei ved ggpy. oRE oieaqmot A6 giveamesssge is then Jush samngemnmndmg mmuehe

nmessage and the ¢ is evidence of a transm ssio t ot al

nunber of di sagf rspersed withs 3 yunbes of ZEROg. lta‘r'ﬂlfhe aPPfec'aWQafgﬁ'r Yo f

;BSrreg: :aiigijl lhgTﬂgrﬁérﬁBﬂgﬁgﬂ]Wm ?ﬁdgﬂg%‘é?ﬁgﬁgﬁi&s E‘\(gﬁnl : ngiact measur e of_

One of the fundamental difficulties encountered by radio communications

systems is the presence of noise in the communications channels. Noise can

15  cause serious problems in a digital communications environment. Noise
encountered during digital radio communications can result in bit errors in the
transmitted information. The bit errors, in turn, may render the information
useless, or worse (e.g., the receiving system determines the information to be
correct when it is actually in error). In order to combat noisy channels, and

20 thereby reduce bit errors, digital radio communications systems typically employ
both error detecting and. error correcting circuits.

A simple example of error detection coding is as follows: for any one
digital message add an identical copy of that message to the original message,
transmit both the original and copy, and perform a bit-by-bit comparison of the

25  received message with the received copy. For each bit position, any
disagreement between the message and the copy is evidence of a transmission
error. The total number of disagreements for a message is a quantitative
measure of the reliability of the data transmission. However, it will be
appreciated that the total number of disagreements is an inexact measure of
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reliabili ty because simultaneous errors at the same bit position in both
t he WS and the copy are not recogni zed as di sagr ReHURIH15637

A common technique for error detection is the use of a Cyclic

Redundancy Check (CRC). A CRC involves creating a set of parity bits at the
5 transmtter fromthe inforrration bits desired to be transmtted. The
parity bits ~constitute a "check word" specific to a given nmessage.
The check word may be appended to §he nessage so that both are
processed through the same transmtter, both are transmtted through

the communi GafAIney s&aﬁéeeémmwobewmhe%abﬁ position i #Red through

t he sane decoder at the receiver. A CRC cal cul at or th _recei ver my
t hen generatmeq@agqmdmet@pzmesmmdas QWMd rressage bits

that were receive The ver.ca | r t hen be conpared
with the decoded gﬁé’&%“%?%ﬁ?‘ﬂ f%é%&‘i%?‘%‘& %"%—‘Wg*{@ e. Any non- -
conpl i ance iR$HuRdiRy CReck!(CRC)JcASCREAnvolvés\Grehtin'# SétSoT piffity bits at the By
way of contrast, a Sinple exanple of error correction caodi ng 'S _

transm t i ngtmmmfroméhc infarmatisn bits desirad &0 be transitiede 'HlfdpamyfbnSm ng a

bi t - by- h
Vet her a biSPPRit & "Btk Sita® spdific HF MR InbEHE, ' The Bhedd MallERY L & e
or a ZERO mappemicdani tHe thessage soQBatiBith Resprocesed GiFoEgH Mg saire tritBmitdS

received for each position of the nessage - and all owi ng the mj or i ty
of agr eei ng heth ageytrarsmitted girough mcmumﬁauonp@bmebtoaememand betharei ne t he

output. Tra 0, andom y
Gi'stri but od PHoRSed uii0hs sing Hofoact sEBie REci0ET A CRE eaupior in g

occur al0 t hereséiver May thieasgeneie pirity BB cdiiebponding foethe AetGited xﬂéds@gu 6& the
receiver to determ ne the correct bit value for each posittion.

A wel | knowthatewens rgeeiveds The regeivescalenlated cheek svord may thenibe comparede of 25

bl ock codes. [ t - I [ i.nt.o '
‘sequenti al wﬂx?ﬁ%ﬁ E cﬂéc ‘g‘?"&‘p& Eg{#%gﬁ i thtsﬂglnge%ﬁégeg Ir}é%ﬁ@ “into a
uni que n di giomgl imck:nﬁcawsanermﬁdmectcﬂmﬂmtrahmmons a codeword, where n .

>L. Coded and uncgded bl ocks re conpared on the basis that bot h .
systems use the sBYWayRfgonirastsa simple;exampls;of error corection cading ds rressage A

ci thor  Rycl | Ll AEAraf{1cRR CGFES of & ARl Rl peHorfink & 166y °

bit companson of all messages received at the receiver. Whether a bit of the
message output from the receiver should be 2 ONE or a ZERO may be decided
on the basis of comparing all the bits received for each position of the message

and allowing the majority of agreeing bit values received for that bit Apo'sition to
20  determine the output. Transmissidn errors generally may be assumed to be
randomly distributed among the niessage copies and will thus be less likely to
occur at the same bit position in a majority of the copies, allowing the receiver to
determine the correct bit value for each position.
A well known technique for error detection and correction is the use of
25  block codes. Block codes divide the sequence of source digits into sequential
blocks of L digits. Each L digit block is mapped into a unique n digit block of
output digits, known as a codeword, where n>L. Coded and uncoded blocks
are compared on the basis that both systems use the same total time duration for
a transmitted message. A block code can be linear or nonlinear. A linear block
30 code can be either cyclical or non-cyclical. A cyclical block code can have
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correcti onwaneB/m¥s2eect i on capability. The ratio of total nunmbeerniserises7
information bits to the total nunber of bits in the code word (L/n)
is referred to as the code rate, and is a neasure of code efficiency.
The difference (1 - T/n).is called the redundancy. The encoder is
said to produce an (n, L) code. Block codes are 5 menoryl ess codes
because each out put code depends on only gne source L-bit bl ock and

not any preceding blocks or digits. The |Iower the code rate, the nore

efficient th i r . ' W] . .detection
capability. g?ﬁg‘ﬂ@nn%wﬁecﬂ%ﬂrlﬂ it gﬂg%egg&ttﬂé%?’?&gog@hl%hh& )

capabi | ity ofo the total ninbet 6f bits &fithe édile werdo/nis/refeered Yo R \the dbdd faté Vval i d
code word which_ is not 10 the transmtted code word. In this case, a - -

ni ssed det ecandis dmmeasuge of code efficiency. The diffarence| (1 -l/a)is calledthgue f or

error correctj | u ' I .

Convol ut i onakédcz‘?)lgéeésb?' u?ﬁ? Wﬁ&%%&%gfodgg%%gﬁ'g@ %' ﬁﬁ%ﬁs"logn'?‘eﬁeatel y.
preceding st nrmorgless ecds \because eacipeutput eodel depends/at vhlyne! soucdi hdit _
information bits are encoded and decoded_in Sﬁg a vvaéﬁas to determne bits
15  whi ch aplockand nofagy preceding I digHs.c I b6 dower s code gate, the mOre ca) |y

descri bed  esficilhl thd'Bodés Hbwb{i, S% ooty BRIHEAM brb Boielignd vor | ous

parity equati ons. , a co I"'oha e having a
rate of L/n, cupubiltyn If thetarber of errtu bits exceedy the et detectiom clipability of L

information hits, a constraint _length of k, can - _, e inplenented in a
shift regist te ¥pck eﬂ‘g%ﬁhk%m may RP%&&M‘%F@&W?REVW 13 not

I nf or matjpon K ' Lt ' Seddifectioh! re produced to
be lt)t ra%lsetn??ltﬁé‘g@#hédeﬁgggda g‘lxpgigg?%g??hngl nat | ongh( I near al gebraic
functions) of the Another welhksowrs technique foherror cargectivninclede thecusewft recent

i nput bit. These conbination . var dependi.ng on_the convol yti onal
code used. URPRVOlutigngl go%dégn\{omm@aﬁg%des, “Bhkeoli’lf’g‘ Fodssy depend\on thei onal
code can not ; - ' sl I t g R

The transmtte {a&ff ??eg@érg%% e atf| 1:[a’gleelmr!‘ieé‘éﬁ%\a’g‘? ?ﬁ%’hemrcég‘é?lgg?ﬁirfge\}s#gf he
code par anet inferrhation bits arerencedednatidndecodett inisuell doway he ta detesminethits/ encoder

in order,.t.o decode the infornation. Conyol utional, degodi ng corrects -
| lar rors By Wh“’tiﬂgte Hl"ﬁlgmtm’fsm’#m& ‘Eﬂ{‘vﬂﬁ’g‘f’gﬂlac"af’ﬂs g@@%t&é“’é rred,
based upon tgg :ﬂ@?ﬁtet%@me Ecife it Rnkttdifit 1efifthC 8nd MEriQRCHERY! efhdtions! © deri ved

from several adjacen
For example, a convolutional code having a rate of L/n, wherein n coded

bits are produced for each set of L information bits, a constraint length of k, can
be implemented in a shift register of length k minus one bit. At each interval, L
20  information bits are shifted into the register and n bits are produced to be
transmitted. The coded bits are combinations (linear algebraic functions) of ihe
contents of the shift register and the most recent input bit. These combinations
vary, depenﬂing on the convolutional code used. Unlike block codes, the coded
bits from a convolutional code can not be grouped as information bits and parity
25  bits. |
The transmitted bits are decoded at the receiver. The receiver knows the
code parameters for the corresponding code used by the transmitter/encoder in
order to decode the information. Convolutional decoding corrects errors by
determining the information where a bit error has occurred, based upon the past
30  received bits, since the encoded bits are derived from several adjacent
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i nformation bits. The error-correcting code attenpts to renove
any errorsWAEIMYht have been introduced by the chanPET/US¥1S6%ur se,
not all errors are correctable. Therefore, error detecting codes are

used to determ ne when error correction can 5 be made and appropriate
action taken to correct the bits detected in error. Thus,

convol utional error correcting codes can be used in conjunction with error
detection codes, such as the CRC, to proy de a nore robust conmunications
systemallowi ng for both the detection and correction of bit transm ssion
errors. informanonﬁzglvol utional coding is one of the best codi ng schenes
for digital 10 comuni cati ons where energy efficiency domnates in

i mport ance. Anpng THeceTror-corregting cofls atteaypls fiyremavieany arors thatunight havea| .

Cechni ques. - are BT by HEEaA”  OF copred &?%’t%%?r(’@%ag Fonce
estimation (SHefdfore, lefrodr delettiny cales ard ﬁMtBQIefBrﬂﬁne when ef6H coffeétion can

5|rrpI|f|cat|on whi | e obt ai ni ng the full performance benefits of .15

maxi num 15 keberaile ad-appropfiate petiondakensto enrregt they bits detectedhin exsor;, Thusml e f or

To 100 " ChRtolBARA bR SaRectl Uoith CAAELEA miRRicol il el o' o P

al gori t hm carieteetib® ¢odesi, GuchastheCRCe Mproviae aﬁlnowtdbhﬂicdi’lﬁn@ucﬁibﬂsd For nay,
Jr. Proceedi ngs of the IEEE, . 3, March 1973. 20 .
The maxi mum SYSem; alioyng &rdiogh the i‘ﬁﬁ?‘-‘rt@g %I"@E‘FFW af bi§ deansmisgion esEasi to -

t he actual receiv e 0, t he

maxi mum | i kel i hoog'dod’gg)l st on 1 n\ill% ves gﬁ%géﬁo?di%?er réfmésoﬂggﬂg#g t heir
conpari sifn commumd:dnohhsvlﬁmcmelgdeﬁﬁamicy dosmsinaes, mfmrpoaahw gﬁniongtthe

cal cul ati ons needeq woul d be extrenely f cult, resultlng in overly

conpl ex decod@pigus methads for copyplutional bict magimum likelihood

A maj or si npl r&ﬁfn tdhi S@%&Eal. ;@5& to
Figs. 1A andagdt e igpa???gﬂ%lgféh j‘{gﬂ% I ag ram&;n(’)r a Rate= H k=3
convol ut i onaIkaddmodlssqwdmmasnmm@@MI]SE),lﬂmwltéthx algorithmqebemitbavi ng f our

;ﬁ gjgies sors’ etqgﬁtme%?gljﬁlﬁxﬁcanon while o%%a?rtmelg tlgeAi‘ull per%rmance Egne its Sof nly two

15  maximum likelihood decoding. The decoder structure is relatively simple for
short constraint length codes, making decoding feasible at high rates of up to 100
Mbits per second. A complete description of Viterbi’s algorithm can be found in
"The Viterbi Algorithm" by G. David Fornay, Jr. Proceedings of the IEEE,
Volume 61, No. 3, March 1973.

20 The maximum-likelihood receiver implies selecting a code word closest to
the actual received message word. Because there are 2" code words, the
maximum likelihood decision involves storage of 2" words and their comparison
with the received word. However, for a large L, the calculations needed would

_ be extremely difficult,- resulting in overly complex decoders, making such

25  calculations impractical.

A major simplification was made through Viterbi or SMLSE. Turning to
Figs. 1A and B, the state and trellis diagram for a Rate=1/2 and k=3
convolutional coder is shown. In Fig. 1A, note for an encoder having four states
that each of the four states (A, B, C, and D) has only two predecessors; that is,

30" each state can be reached through two possible states only, and only the path that
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m ni nrum di stance path) need be retained for each state. Fig. 1B
depicts a trellis diagram show ng the possible rel ati ons between
states. G ven a received sequence bit, a path in the trellis di agr am
is determ ned so that the output sequence fromthe decoder is the one 5
that nost agrees with the received sequencg;l For exanpl e,
suppose the first six digits received are 0001. Consi der : two paths

and D in Fg cesostyith g rhiged SRt tfc A alstinc p heck pE.,
t hat agr &P §dr dich Rratd) € Fig CEB vepicsaruellis didptail Ghowing' b PossiBle Thi s

is often 10 referred to as the mninum di stance path. The retained path
i s called the relationsshetwéencstatesth &ivenna seqeiyed sequence bifoePathin thetteellis ¢ hat

Cwo and  hr oo, SREER I Hoemined po Hitie Sucpht E33eRE HOm3E dBlodet 3 R

Hence, thessur iial sosthgleBewithithel réceived sefpgénee) s 000000. The procedure
Is repeated for states B, C, and D. For exanple, the two Eat hs 15 ..
reachi ng to the thi Far esamaples suppesethe; first sixdigits;raceived areR10001 Gensider; o

001110 and 1101 i e AN renf i ¥ehY e from

the received S%Bﬂ%’é 02?&"’@ tbrgncfxé{‘%osi{t ai%{rﬁcléa,%n?é:g) é%?vqfvtgégg?e% txh’e-ht Sord

level state C hgd DLEBE. 13.MOuk0f Yhe twie paths reachingreacl state, andy dei enenbaed at

the third I evel states B and D. Wth four paths del,'i_rrj nat ed, the four
20

survivor pat hsagiees mest with\the seecived sequence O10Q01sis Tetaipedp oThis ig pfteR nat i ng
th th hs .| . n ' : hi rd
ovel orad@ s iod b is AR milRhPdistaSs pif, PR TRAIRECDA if allcdtume 11 1

=3

i denti cal . survivdeNCEheré agtwl paths 000000p4nd T 0 G tthatearrive at thiegthird leved,
bot h pat hs nmust nerge_at this state A and foll ow a corim)ggﬁ hin
the future. C 8tate 4, Thesepathsiareat gistagces of two and three, respertiyely, p pat h

bet ween the t t : SV s q ] 4 Bedogrceds
to be remamerg%eg&ga*ﬁ%ﬁgggﬁg%#vﬁ/eg?agggﬁs arfgsattktllgelstrhud 168 s%‘g{estances'
from the recei Thd procpdarcis.repeated for states B, Opand Dhe Fonexamples thet two paths t he -

gl ts o d5exartaebins (O BpuE! (STELEatE G, the st aftet i brancbes, are 001 116 2nd
110101, at distances of five and two, respectively, from the received sequence of
010001. Hence, the survivor at the third level state C is 110101. Similarly, the
survivors are determined at the third level states B and D. With four paths
eliminated, the four survivor paths are the only contenders. The reason for
20 eliminating the other four paths is as follows: the two paths merging at the third
level state A, for example, imply that the previous two data digits are identical.
Hence, regardless of what the future data digits are, both paths must merge at
this state A and follow a common path in the future. Clearly, the survivor path
is the minimum distance path between the two, regardless of future data digits.
25  Then all that needs to be remembered are the four survivor paths and their
distances from the received sequence.
Once the survivors at all of the third level states have been determined,
the next two received digits are examined. Suppose these are 11 (i.e., the
received sequence is 01000111). The two survivors that merge into the fourth

30 level state A are now composed. These are the survivors at states A and C of



received sequence is 01000111). The two survivors that nerge into the

fourth 30 | evel state A are now conposed. These are the survivors at
states A and C of ' WD 98/ 12820 _
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the third level, with paths 00000000 and 11010111, respectively,  at

di st ances of four and two, fromthe received sequence 01000111.
Hence, the path 11010111 " is the survivor at the fourth level state

A. This. procedure is repeated for states B, C, and D, and continues in this
manner until the end. Note that only twog5 pat hs nerge at each state and

there are only four contending paths (the four survivors at states
A B, C an%@&ﬁwwva,tMmgmmmMiltlomxb% Bt N Yistances of NOW t O
termnate the trellis and Ultimately decide on (')n%SS | naefg’[rj}zgﬁs%eﬁg?'than

four. This daur and twmefrom the receivgdtsequenge 010001 1 ﬂemeathet.lbaﬂldﬂom to be,
for ex le,. 00., This force e, fipal state qQf the code to be A
(note that dhie siEyivea e Gus ST sl A, B oBpeBish atpeatsdfor staion)
Consequent |y ¢hénd! D, igiB icBnfiitieX i This manner uhmltlhégn&.uwm&i@aéma,& af ter

insertion int'o the coder of two dummy 00s, calle Its, and
transmi $si orpatifs mexgeas eachsstatedind ghére are ovlyefour gontending pashs ithedout he

trellis diagram this Sut pat n r. o di.ng.states.is reduced
from four %““m‘“ls(?tﬁﬁ?%(%& ghgflé}‘ags) \"#ggﬁ?%‘ﬁ g:nfmklﬁe‘tf‘?apsqe %?‘B'“Pﬁfo an
endi ng si ngliRywictePmihal/ theTrellid &P Giltintitelp detide ofhQneTthal Pht: rather than

By specifying the starting bit and ending bits known as"tail bits, the -

decoder can faut od@issasrbecdansrhy foreingdbe lasbiwp digits pt-the engodéntoche, Homever ,
this results_in _an 4.nc d oyerhead, because t.h ndj bits need to be
coded in exampgedé*)t i 'gﬁigﬁﬁrq:% eaﬁﬁ%@é@?g‘é’#ﬁ?ﬁ?%? ﬂlﬁtttge F‘\sﬁ or der
to redume thiwe @it Bipas 002 Brresponids ¢ BiattA).K Conbeqaently?ithe Ridrhate shfviveed.

According to this technique, the same starting and endi-ng state is
used (e.qg., is Sesuryivonstate Arafien dnsgridoncintn the coder ef two demmy 00s, calded n t he

o1 co. of notaik iy A sl G HE' (otsbohdERIF REC RIS, ol ot iheor
i ncreases trellis diagfanilchisineansabgy tsinuyhbey of bndif@ sfated i feducéd Gomi Your 1t
shoul d be noted that, while 25 tail-biting provides good perfornmance at .

|l ow bit errd® tWerdsandErby insertion of thelirsyzero into anyading singlsstate Anbice at

hi gher ?SERS'insertion of the ondazérai rd nmethod for determ ning an ending state
is to uSe the Acousulat ed ’ '

By specifying the starting bit and ending bits known as tail bits, the
decoder can decode when a complete code word has been received. However,

this results in an increased overhead because the_ending bits need to be coded in
addition to the actual message information bits. In order to reduce this overhead,
20  a technique known as tail-biting is used. According to this technique, the same
starting and ending state is used .(e. g., forcing the starting and ending state to be
00 in the example above). However, the reduction in overhead comes at the
price of not knowing the beginning state or ending state. This tradeoff increases
the decoder complexity by at least a factor of two. It should be noted that, while
25  tail-biting provides good performance at low bit error rates (BERs), it provides a
degraded performance at higher BERs.
A third method for determining an enciing state is to use the accumulated
error metric associated with each state. Then, the ending state is chosen that has
2 minimum accumulated error metric. This technique, however, results in higher

30 average



error nmetric associated with each state. Then, the ending state is chosen

t hat has a mnimum accunul ated error. netric. This technique,
however, rewodsm282® hi gher 30 aver age WO 98/ 12820 pCTNUS97/15637
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In order to overcone these various problens, a flexible algorithm which
can be used to optim ze mssed detection rate and bit error rate by

detecting the correct ending state for each burst of a
convol utional ly encoded data streamis needed. 5
SUMVARY I s an object of tHis invention to provi de an

et erminati on of ol ncéﬂfﬁg 19 oS aetE Vatiuf bitol s, 5 BRI Cb R w?f N

convol uti onal calelseoaieddto opfidife fifidsed defettich fete! afid bitUatdri titeby! detectin

integrity by providing a | ow m'ssed detection rate and/or a | owbi error :
10 rate.  correct ending state forseagh durst of etqow@luaenalbeenqeded]dmrsqeanmsow de
I mproved corrrgé%g tions and decoding for digital nessages by allow ng
t he codi ng/ de g to be optim zed for either average BER or m ssed
detection based on a system designer's particular system
specifications. 15 The foreqgoing and ot her objects are

acconpl i shed through the use of medecodi ng without the use of

tail bits to detergi.pe_t ' . ' hy.DUL S a
convol utional deco ‘ﬁé“ 0%%‘:98?&%&“%&#'2&’ &t‘%&@eﬁﬂ mb%g%%“ﬁh@ess
using Vi terbiforlug®lin digital behihuhitations for thé déceiitiatiém® bf addfrethending s@ae St at e
of the decoding trellis have to be determ ned, 20 The beginning state is

usual |y def i niéceagh barstiaf\a-conwplutignalddegpdings while maintaining, sangre quality|and

at the end of SR LRI NP RIEVIANE A6k Al ddEoR ate WA I Bt epror, ) g

tail bitg0is tabkee additional overhead bits and increased bandw dth required.

O her met hods can determ ne the ending state without the use of tail
bits, such as tailltis another object of the invention to provide improved communications

and decoding for digital messages by allowing the coding/decoding to be
optimized for either average BER or missed detection based on a system
designer’s particular system specifications.
15 The foregoing and other objects are accomplished through the use of
Viterbi decoding without the use of tail bits to determine the correct ending state
in each burst of a convolutional decoding. N
In a conventional decoding process using Viterbi algorithm, both the
starfing state and the ending state of the decoding trellis have to be determined.
20  The beginning state is usually defined by a known initial state of the
convolutional encoder. The ending state is typically defined by the known tail
bits at the end of the coding burst. As described above, a disadvantage of using
tail bits is the additional overhead bits and increased bandwidth required. Other
methods can determine the ending state without the use of tail bits, such as tail
25  Dbiting, or by selecting the ending state with the best measure of a certain merit,
such as the best error metrics. However, these techniques can suffer from higher
average BER and missed detection rates. _
The present invention overcomes these deficiencies by determining the
ending state without the use of tail bits without as much susceptibility to high



25 biting, or by selecting the ending state with the best neasure of -a .

certain.nerit, such as the best errotr netrics. However, these

t echni ques can suffer from hi gher average BER and m ssed detection
rates. WO98/12820  The present invention overcones these BEITUNOHISSBLS by
determ ning the endi ng state wthout the use of tail bits w thout as
much susceptibility to high WO 98/ 12820
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m ssed detection rates. This is acconplished by placing the nost inportant
information bits at the beginning of a bgrst and initially coding them
. using a bl ock code (CRC). Then, according to one exerrpl ary enbodi nent

of the missededetéction a6 10C s ARERG1ISRA!by PRGIHE I mobl MigBHapen bits and
the rest of ;the 5 bits are split |nto several bursts cal I'ed .B- bursts.

The CRC i s [nigEmation, bits atthe beginning of 2 burss and.ditialiy, eoding them usiog @ost .

| mport ant bI nd.of. .1 he B- burst
Each B- burst?&!ﬁﬁ?@n en od%ugﬂse tgep&emplary é‘@%’ﬂ%ﬂﬁt"f&ﬁ code into

a G burst. Guventiohptiebletks coded ost\ifipoitantinfdrihativh ®its dnd the rest bbﬁié are sent
t hrough a conmmuni cation channel with some formof a digital 10 nmodul ati on

schene, Xuc t‘i’“ﬁé"@ﬂlﬂe‘ﬂ%&)’eﬁﬁ byestsealled Bebyrstyy Ty ERC i plagedsipieach B-

M ni mum Shi fi, @M@l ﬁg@ t bits
are fed to the convo uton 0?\3““}% ﬁ%&?@gtlﬁéﬁpqﬁ%‘%ﬁﬂﬁﬁﬁ usi ng
a Vi t éhdendibfj tie Biburst) rEdchaBibofst i theneacodedithidughiukSopa tai |l Dbiting,

the endi ng stat the Viterbi_al gorlthm I s determ ned by bl ock
decodi ng of %@%@allcﬁﬂﬁmﬂﬁte[msé Qupe the hyssts age comyplationallyt enisogeds s ent

brocassas. f eheShme et BbugiOl SolBhidiclibf channel wi ¥Shie'tolll Jf 4 Al SCCo” B
adjustity t Imodlﬂanmm:htmf sﬂchas@ﬁtemhi‘y Rhﬁetﬂhiﬁﬂ{%wﬁgf‘(QPSK) or Gaussini cat l on
of the nessqge.can g ti.m é&ﬂ“&or a‘p&ej cation for either - aver age
BER or mi ssef! %‘ eying ). At the fegetver end, the F‘EFO#JEMlSPﬁtlm OF THE
DRAWNGS  gare fedto the c&%lﬁﬁ@ﬁd!%éo&?%ﬁaf’tﬁ&iﬁgg 8escr| b Onsi‘xlig]hon will be

better understood by reading the f conj unction
wi th the drNiterbsalgorithoni distead of the use of tail bitgor till bitingirthe lehdingrsedté of St at e
di agram for the Q/zi’e\:”rbx algor?tgmvigld&én%rfnaeld by Ogl%ck decoding of the most important bits.

15  Thus, according to the present invention, a valid block code word after

combining all the decoding processes for all bursts is used to determine the
ending states. By adjusting the placement of the CRC within B-bursts, the
communication of the message can be optimized for an application for either

average BER or missed detection.

20 BRIEF D N OF THE DRAWIN
The features and advantages of the invention will be better understood by
reading the following description in conjunction with the drawings, in which:
Fig. 1A is an illustrative state diagram for use with a convolutional coder;
Fig. 1B is an exemplary trellis diagram iltustrating the use of the Viterbi
25  decoding; |
Figs. 2A and 2B illustrate forming a message according to exemplary
embodiments of the invention;
Fig. 3 illustrates a relationship between placement of a CRC parity bit
within a coding burst and average BER and missed detection rate;



Fi.g. .1B is an exenplary trellis diagramillustrating the use of the Viterhbi

25 .decodi ng; Figs. 2A and 2B illustrate form ng a nessage
accor di ng WO %8/22829 ary enbodi nents of the invention; PCT/US97/15637

Fig. 3 illustrates a relationship between placenent of a CRC parity bit

wi thin a coding burst and average BER and m ssed detection rate; - WO
98/ 12820
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Figs. 4A and 4B are an exanples of the plgcenent of the CRC within a

bur st ; Fig. S5Ais an exanple of the effect of placenent of

the CRC on ni ssedFigs, 4A 4iRf 4B lak® in eRAMpRS &f th@PRcéihém of 'thé ERC Within a
Fig. 5B is an exanple of the effect of " placenent of the CRC on average

BER; and burst; Fig. 6 is an exenplary comruni cati ons system for use
wi th the inventiog. . T D DESCRI PTI ON
The various feat uhgs # i3 o exampls af she cfest %&kﬁ%?ﬁﬂ%@gﬁﬂ H“Fs&gpect 10
to the figurg&ectich rie &ml fradhe dprdriratedr € described with the sane reference
characters. - As previously described above, various coding

t echni quds are usEig.t5B is an example of theffectiof placgment of herURCoon avarage
channel s, onﬁsggch t echni que being convol uti onal codi ng.

Convol uti ona &Pﬂg,- unli ke bl ock codi ng, depends not 15 only on the
nessage bits of t g, distan/\Otethpliryaddmmiibicatidns Gystem! fof ust &ith @k invention.
previous data digits imedi ately preceding the received nessage bits. This
al l ows convol utional codes to be designed to correct for randomerror. One

met hod for decodi ng convol uti OM@M&W bi al gorithm However,
a problemw th the use of g.1tS determning the ending
state of the 20 Taeaafons featui®s 6Othe invention will now béliesdritdnwith gespeatt € i s
determ ned by the initial state of the encader which does not effect

over head0 Hotoethe figures, iinwhigh like padts ars-describedbwith the, same, geferrmee a
coded bur st M@rgage bits, then there is an unwanted increase in the
over head )

As previously described above, various co&ing techniques are used to
combat noise in digital communications channels, one such techniqué being
convolutional coding. Convolutional coding, unlike block coding, depends not

15  only on the message bits of the data word itself, but also on the block of
previous data digits immediately preceding the received message bits. This
allows convolutional codes to be 'd'esigned to correct for random error. One
method for decoding convolutional codes is the Viterbi algorithm. However, a
problem with the use of Vitérbi decoding is determining the ending state of the

20  coded information.’ : :
The beginning state is determined by the initial state of the encoder which
does not effect overhead. However, if tail bits are used to determine the end of
a coded burst of message bits, then there is an unwanted increase in the overhead
and bandwidth due to the inclusion of the extra bits (tail bits) needed to identify
25  the ending state of the. coded bursts. As an alternative, tail biting can be used to
" eliminate this overhead by forcing the beginning and ending states to be the
same. Tail-biting is implemented by placing the last m bits into the shift
registers as an initial starting state, In this way, the ending state will be exactly

the same as the beginning state. However, while tail biting provides good



and bandw dth due to the inclusion of the extra bits (tail bits) needed to
| dentify 25 the ending state of the. coded bursts. As an alternative, °

tail biting can be used to elimnate this overhead by forcing the
begi nni ng sgogrgkreg States to be the sane. Tail -biti ngclrassemsssr

I mpl enented by placing the last mbits into the shift registers as an
initial starting state, In this way, the ending state will be exactly

the sane as the beginning state. However, while tail biting provides good
WD 98/ 12820 _
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performance on comruni cati on channel s w 16, 1 ow BERs, perfornmance suffers at

hi gh BERs because an increased nunber of bi lerr may.l ead to gi ssed or
i ncorrect|y BEERARGe ORfOMpTHHERIn g° Hray B rf@?fﬂ'@an SBBARAY to
t he Pr RipA"BERS beckubah inchéised h@hbBér SOB1Y Birbfs' MR lead®p QisB S been
I npl emented 5 w thout the need for tail bits and tail-biting.

Accor di ng t oinsntrectidetected ending and starting states. i Theraforep accortlingstortheed i n

Fig. 2A, for_any nessage qf ta.bits,10 firnst .portion of the

i nformation presént ‘BY?”%& @‘%@%@bf‘é‘ﬂ"’?‘?‘&%ﬁﬂ? %E!Paﬁlbﬁﬁ“ i €don bits.
The firs§ poithent thé read for tail bitsfapd t&5ix-d e, contain the nost perceptually
significant bits. The nost 10 perceptually significant bits may vary from

" application to apgiccemingte oneggxemplary embodinent of dhe invenigon, dligstratad in | S- 54,

t he nost pergeptyal sianifica | Lnclude . code wor.d bits related.
to frame eneﬁbé}) %’d*#ﬁé‘y %‘?ﬁg%fogiﬂa% é‘% 122 frst portion 1:%8??‘}%19"@?1‘?%3“0}&not her
exanpl e is tpis gR fepRRtalRoM the ¢6fisihing inCorinatioR BRS.JTHe S8t portion 120¢éans Peech.
After the first portion 12 is separated fromthe remaining information 15

bits 11, thefarexampleqontain the mestinesceptuatly significant bits. Thg mestt he addi ti on

f CRC ' . j I ' limted
grror delp ectl’%‘lr‘l:&ﬁt“;ﬁy s@%ﬁ?‘?ﬁa f‘fégk{)}h{gg%ﬂar@g?%@' @raﬁgh‘é@ﬁ%’ Bﬁ?gaZxc-le?dse
the error detgshplenacoopdiiy ko EYA/TIA IS-84, thBandst peicepraaily sightficdae Bild Ny

process w Il provide a valid code word which is not the sane as the
transmtted dsiudegndg word bitsrelated te frame energy) and the-fiysp foug reflection  occur .

Therefore, a ' t | | | i ' 2,
GRC bi s 14 SOGEHERS, Khoul cREEPRTS the MG chiiherdrd Qelc By i) bvell . 1
are of speech. After the first portion 12 is separated from the remaining information
15  bits 11, the first portion 12 is block encoded, resulting in the addition of CRC
bits 14. However, as mentioned aﬁove, block coding has limited error detection

capability. If the number of erroneous bits exceeds the error detection capability
of the block code, the decoding process will provide a valid code word which is
not the same as the transmitted code word. .In this case, a 'mis‘sed detection will
20 occur. -
Therefore, according to the present invention, the information bits 12,
CRC bits 14 and the rest of the information bits 11 forming the message 10, are
then convolutionally encoded. With the use of any block coding, there is an
inherent limited error detection capability. For instance, if the number of the
25 error bits exceeds the error detection capability of the block code, the decoding
process may output a valid code word which is not the actual transmitted code
word. In this situation, a missed detection occurs. In addition, if the CRC
parity bits are placed at the end of the code burst for the convolutional coding,
an incorrect assumption of the ending state may produce a large number of error

30  bits. Again, as a result, a valid code word may be detected, also causing a



then convol utionally encoded. Wth the use of any block coding, there is any,
inherent limted error detection capability. For instance, if the nunber of $&
the 25  er rphofhisSgexceeds the error detection capability of ﬁﬁ?ﬁﬁﬁb ;

code, the decoding process may output a valid code word IC aﬁﬁ‘
the actual transmtted code, word. In this situation, a m ssed
detection occurs. In addition, if the CRC parity bits are placed at
the end of the code burst for the convol utional coding, an incorrect
assunption of the ending state may produce a | arge nunber of error 30

bits. Again, as a result, a valid code wokld may be detected, al so causing a
WD 98/ 12820

PCT/ US97/ 1563missed detection to oreute Fhgdeslt of missed deteetion gt arvalid qodsrwerd

d det ttpﬁh? g@dﬁy?%
?e;fgdedesgﬁrce Ia?? &hgﬁ%cﬁcﬁigr%adq%ﬂcgguaﬁtg[ ity for \ a‘“‘Bﬂﬁzeec
corrpretssi on akpyet chbhnpregmo?)nlgonm Moord:hglyyemﬂqdi dnyrmt baiuﬁfen:)sl”mf the f.
resent invention provide for vin s . to & pegi nnin 0
Phe C5" | Dur sbresptavsniog provids roting S CRC s 1oheatd e begiamigs the
depi cted 5n Fogre fof\lecrease tlﬂ-)’mgsﬁé‘d aéé&ﬁﬂﬁiédmr%gce@neuggcm h\?){{g ghe ORC

bits are m)vedtoastartln position
positions SP by dlesdlustratedlbnst dmppmgb&hbrem the IGRC bits aredmnued tdv @l stasting fbit

f t 11 I ded iJat o 17 d
17" 10 acconBuNes She BRE i Hitgiostinas Ship steciad T escribed immoreo a_”
After rearrangdg bEﬁﬁv behg trelhﬁgﬂlgsihfdrﬁﬁubﬁ Bits'TE ¢ Uividdd inbs 16 %b%tﬁgnts

position SP, the entire I's convol utionally encoded uSIing known
t echni ques t o1Z'ranik £7"ato accommodatedbeé pesitioriogl of shes CR(Lbits at position SP. Anot her

bl h I I di I
bt el n AREY Srattangihd e Bt thboi oqﬁaséﬁ%%%e:gasﬁhmm%
15 occurs 'ﬂxetéihﬁrélﬁﬁﬁﬁ' is%n%ﬁhbﬁa‘ll ieBa&t adiflg kAGWR tekhfifhule? 168

exenpl ary nmbodi nent of present invention, illusStrate |n Fig.
2B, a shortercampqsmtelc@dgihurst 16 is preferred to limt the scope of the

error propagation. exa n_cases. n_channel
produces a high BE quépﬁqrﬂx Bﬁ%oq%ﬁ@'onal cod: [h“&“g%“ 1 lf&? *?Pg “Sever al
bursts 15 andtﬁéﬁ)\.ﬂ'ﬁﬂéﬁgtﬁ th@?reﬁtéﬂ‘ﬂi& potemiad! |f016éﬁ|b op tion when an errof’

exanple, in Fi ter tThe first portion 12 een separated

from t helfest O@IBI‘S fnetherdeceding treHisbi Thﬁrefnue,tﬂcwmmm&ertmnmage i s
br oken embodiment of the present invention, illustrated in Fig. 2B, a shorter burst length

is preferred to limit the scope of the error propagation. For example, in cases
when a communication channel produces a high BER, the block code word
should be split into several bursts 15 and 15' before the convolutional coding.
20 For example, in Fig. 2B, after the first portion 12 has been separated
from the rest of the information bits and block encoded, the message is broken
up into two bursts, B-burst 1, denoted by reference numeral 15 and B-burst 2,
denoted By reference numeral 15'. For example, the first portion 12 can be
divided into two segments 12' and 12", each allocated to B-burst 15 and 15°,
25  respectively. Likewise, the CRC bits 14 can be divided up into two segments
14' and 14". The remaining bits 11 can be separated into four portions 17°, 17",
17''" and 17'*'* which can be positioned relative to the CRC segments 14' and
14" as shown in Fig. 2B. Like the exemplary embodiment of Fig. 2A, burst
mapping is performed to position the CRC bits 14' and 14" at starting positions
30  SP1 and SP2, respectively. The particular placement of the CRC bits, for



up into two bursts, B-burst 1, denoted by reference nuneral 15 and B-burst

2, denoted by reference nuneral 15'. .For exanple, the first portion
12 can be divided into two segnents 12' and 12", each allocated to

B- bur st 1wossh2s2é , 25 respectively. Likew se, the CRC bi perrSowsssipe .

di vided up into two segnents 14" and 14". The renaining bits 11 can
be separated into four portions 17", 17", 17"" and 17"" which can be
positioned relative to the CRC segnents 14' and 14" as shown in Flg
2B. Li ke the exenplary enbodi ment of Fig. 2A burst mappi ng is

performed to position the CRC bits 14 z?d 14" at starting positions 30
SP1 and SP2, respectively. The particul pl acenment of the CRC bits, for

WO 98/ 12820, ' "o T
PCT/ US97/ 156n§1?nce C1, 14’ and C2, 14" in Fig. 2B, depends on, for example, the 12

i nstance Cl atmdhé?ﬂ:esshge i$ assbtigted 3th aPwill be Discuised nﬂmfeld%tant he

application t e messa i s associated with and will be discussed in nore
det aij | mAPPIAE. pashh Briwrstebi-andsl 3 issqonyalutiguallysengoded
convol utlon Ep&g@‘[% R & respective Cbursts 16 and 16'. 5
The techni ques eTaor sel ec ngp acerren% of the CRC bits will now be

describéd with rmhxﬁqneElfgr &ledﬁyelﬂncengntmﬁlmts will iest dki on to the
i nfornmati on porfi 2, err f rrance ul ated by allow n
t he \S’&CES’QRBE# ?rgpl'ﬂ:é g@@c&ﬁﬁ? rFHEOM%g‘Fd det ec?i on
rate of the; be seen
that as the ‘&fﬁE"%“‘fﬂBﬁ%‘"ﬂ are p?gg‘etgﬁ@%ger to Wkﬂ&w%ﬂ gﬂburst

t he aver age abéragé BERpaformyvance tobe uadéﬂﬁamm mzésectaareenommtelefmm nation
of a correc&‘ ﬁggé g State bec E L?abl e, however that
the m ssed ckdscoding process. ‘FE”B%&‘& ‘Eﬂe}!d&% seen that a a5’h g RCrhits
starti po @g@,r & r %}?I'Q %c&lﬂf?’ﬁ:ﬁw '
error tr)l?)ts ?a{/bfeagédeg htg %??%ragﬁ%@??ﬁ%aggb%f% of the OCkeCOdI ng on
the 15  defFhisvocrurs becanse thecietermination of agcortest ending state becomes morén t he
ot her hand, bits ar ace ser, to th oftion .12 of,
the infor mat"ﬁglé?r"S chthqwebé&ﬁh?ﬁywa cf%“ﬁﬁl’%‘(: of 'ﬁ%i’iﬁcggﬁﬁo‘ﬁg dttion
rate-is t N RitidRs & HBurky LEHR
stages into t?fﬁﬂecp@ﬁﬁﬁg lh’glef or gmr,dggctﬁi Eg@tgﬁe CRC b%ﬁésl—%gélver d t he
~aver age BEROofiertor hitsithayhexceed thecerror detection capability of the block coding on the
15  determination of incorrect ending states.

On the other hand, as the CRC bits are placed closer to the portion 12 of

the information bits at the beginning of the burst, the missed detection rate is

lower because the decoding process bas progressed fewer stages into the trellis
before reaching the CRC bits. However, the average BER will be higher since

20  the probability of having a correct ending state based on a valid code word of the
block coding becomes lower. According to the present invention, for a
communication application where average BER is more important, the CRC bits
can be placed closer to the end of the burst, thus allowing optimal performance
in this situation. In contrast, for applications where the miss detection rate is

25  more important, the CRC bits can be placed closer to portion 12 of the
information bits (i.e., the most important information bits). Moreover,
placement of the CRC bits can be fine tuned for a specific application by
iteratively adjusting the placement of the CRC bits within a burst and evaluating
at the receiver to determine which CRC field position delivers the best

30 performance.



20 the probability of having a correct ending state based on a valid code
wor d ‘of the bl ock coding beecomes | ower. According to the present

i nvention, {VQ{ conmruni cati on application where avera&ecﬁggﬁ?,ﬁgy)
irrportant, he bits can be placed closer to the en t he burst,
thus allow ng optimal perfornmance in this situation. In contrast, for
applications where the mss detection rate is 25 nore i nportant, the CRC
bits can be placed closer to portion 12 of the information bits::
(i.e., the nost inportant information bits Mor eover, pl acement” of

the CRC bits can be fine tuned for a specl |c appllcatlon by
iteratively adjusting the placement of the CRC hits within a burst and

eval uating Furning to Kigsi ¢Ar and4Beabexample yshawncfer the placement of on -
delivers the RestRreéOvits aﬁesgrﬁﬁfﬁﬂclﬁcanons 35 and 49 i W Heéage burst. :

PCT/ US97/ 1563
Turning to Fi &%corﬂ&gammh&xample:thl ate 12 méstimpbrant thies, PB aestrofthe of

;[Agggfci‘ingl Eg at st arti n&@%@&%&h@“%ﬁ%ﬁﬂq% Wi t hlagﬁgessag Eébelglr 2}2 thg
[ [ ace
5 begi nhi nngg a@é‘% lf)%o | on%%?%gﬁfo%e [ nfor At onpbi ts.

Fig. 4B sﬁdwm ahernhtiver enlnpl'ewhemmh €R@ bite ardplacidbeginning rat te aced

begi nning at th 45t h bit |t| 1 of th]P rest of the information
bits. Péﬁﬁ’o‘?‘ﬁﬂﬁ%@m&ﬁﬁm&cﬁe ‘? ¥S-CRC bit placenent schemes

have been As can
be seen from Hﬁ%&ﬁuﬁﬂm sseéasg%étbggﬁt ?gg: ?EP lal:?m schemes h%vrfdbeeﬁe franme
error rate (FEEhn-asteﬂmeEigs.eﬁ\andﬁlﬂe CRC field is m)ved f orwar d within
the coded burst froma starting positi ‘bit. 45 to,a startin |t|on
at 18it 35. Moreovd c@l@%?%@“é%@%%%n‘hg‘?’a segl detertion We&B&
carrier-to- nohﬁ&tﬂ@ﬁh@&ﬁnorti%mz%erﬁﬁc&ﬂ% QEMC%EWISC%%V?J ted in

Fig. 5B, the average creased by noving t rom | ocation
45 to 35. Themdthin ¢he mmmng'tlﬂomastartmmlmn atbltdﬁttomgstaltmg iposisioni ati on

35, h b d t
wher o the VRO SroMPTPiNser s AR, Rt widgn go he ke S-nbisl dage 1 o
starting at bighpRRRE! IOt Dthédthahld OfilluStrAted in #15. SBIthéaverage BER is

15  increased by moving the CRC from location 45 to 35. Therefore, placing the
CRC bits starting at bit position 35, as shown in Fig. 4A, may be used in digital

13

voice transmission where the MDR is more important. Conversely, placing the
CRC bits starting at bit position 45, as shown in Fig. 4B, may be used in
facsimile transmission where average BER is of more concern.

20 Thus, the present invention can be used to selectively place the CRC bits
at a position within each burst which optimizes selected design criteria. For
example, if a system designer were to create a system wherein the frame error
rate was less than 0.05 for a carrier-to-noise ratio in excess of 40, then he or she
would place the CRC field at a starting bit position of 45 (or possibly greater),

25  since this bit position satisfies the design criteria and also provides a better bit
error rate. If, on the other hahd, the miss detection rate needed to be minimized
regardless of the Bit error rate, then the system designer would select a starting
bit position of 35 (or less). Those skilled in the art will appreciate that although
curves are provided for only the exemplary bit positions of 35 and 45, a whole

30  family of curves can be generated for any potential CRC field starting bit



facsimle transm ssion where average BER is of nore concern. 20

Thus, the present invention can be used to, selectively place the CRC'bi'ts"
“at ‘a position within each burst which optinizes selected design criteria.
.For woogizete iIf a systemdesigner were to create a Sypé&giisvisesy N t he
frame error rate was less than 0.05 for a carrier-to-noise ratio in
excess of 40, then he or she woul d place the CRC field at a starting
bit position of 45 (or possibly greater), 25 since this bit position
satisfies the design criteria and also provides a better bit - error
rate. If, on the other hand, the m ss defection rate needed to be mnim zed
regardl ess of the bit error rate, then e system desi gner woul d sel ect a
starting .. Dit.position of 35 (or.less). Those skilled,ip the art wll
appr eci at e POHHOLW Lnﬁlalﬁw a sygﬁp\&‘g&%&)pW'&%&?‘&P Chigria F‘Fé exenpl ary
bit positi e&lrﬁ@% P, a whole 30 fanily of curves can-be generated
for any potentla lel'd starting bit WO 98/ 12820

PCT/ US97/ 15637 According to one exemplary embodiment the communication system 14

gosi ti Onpﬁﬁﬁgﬁ% l‘%?ﬁé%&?‘}@yﬁ&@d%%%ﬂ%{miﬁﬁ t“gég‘! gesi ngécr.i te;irya for
enbodi nENt  4Brdifg 10! RieptbdeRN i ARG In Fig. 4A laUsddsAiRd 200ardd fbceflr BBY e

used to inplenent the coding and decoding process 5 according to the
present i nvanetshown. |In the dransmitter 20 therinformation bits are divideddyy pbcessor  ar e

shown. In the.transmtier, 2 t.he i.nformati on bi.ts arg di vi ded processor
21 1t o 1 ne2 bt T Palof d2iHspbRLAIRYE R she Frominine HAORBANOR Bitnti on b 1<
11. afhS | rdfitRd i i ' Ed B ' e fed
into a CRC/A%F@; gﬂ‘:éib& %‘%@%PQ% %iniéf%ngienndgpgﬁeésﬁ? he C%%r%?gggggoci at ed
wi t h porti oencoder 28 which gememates thp ’RC bigs bssogiatad with pottiomi2.oAfértthe has been

Phe’ Dt opdreioh 12, 8 R0 Rbaric B hdxhosn bloak Aboddd, tnd BresaSibe M Gieg p ™
bits are i nihetbitsinleach BaRY &) hiove tid CRICHielarto ARe salbdted staitfrl ich.

shift register 24 through which the bits of information to be encoded are

shifted.  Then, Talleofthierhits aze)input to thei convelutippaltengoden 22e whichinchudes a t he
Code 1 st o HUR ZERBHE 28 duopen wiich Vil ¥ roraigh b B bl 1€ B8 7T,
the shift r¥pée shiff register'Holdsa lilited Submee kast biNse the] number k being known as
- 15  the constraint length of the code because the code is to be considered k bits at
time. At any instant, the bits in the shift register 24, which may be labeled B,,
B,, B;, B,, ... B,, are applied to a combinatorial logic network 26 that generates

two or more different Boolean combinations of the bits. The combinations

generated by the network 26 are the coded bits, which are described above, and
20  which may be designated C,, C,, ... , C,. The resulting encoded bits are

transmitted over a communication channel to the receiver 30 using some form of

digital modulation scheme such as QPSK or GMSK as is known to those skilled

in the art. |

The receiver includes decoder 32 that converts the information bits back
25  into the data bits C,, C,, C,, ... ,C,.. A CRC/block decoder 31 is provided to
_ determine the valid code words for the convolutibnally decoded message bits.

When a valid code word is detected by the block decoder, it indicates the end

state for the convolutional decoder. After the valid end states have been

determined, the message can then be divided up into its original information bits.
30 The present invention has been described by way of example, and



Blerr], Blerr], Blerr], ... Bk, are applied to a conbinatorial |ogic

net wor K 26 t hat generates ’ two or nore different Bool ean conbl nations
of the bits, TP@WQg(Pbl nations generated by the network ;ﬁ
coded bits, e descri bed above, and 20 -which may be eS|gnat
derr], C[err], Cerr] The resulting encoded bits are transmtted

over a communi cation channel to the receiver 30 using sone form of
digital nodul ation schene such as QPSK or GMBK as is known to those skilled

in the art. The receiver includes decoder 32 that converts
the information bits back 25 into the dffa bits (Jerr], Jerr], '
Cerr],CL. A CRC/block decoder 31 |s provided to determ ne. the valid

code wor ds f amodificationsvand variations of thecexsmplary sebgdiments will suggest\nen a valid

tate for 1t hIEBRLAE: %ﬁl}i%@é%%‘?‘*ﬁﬁi it SABREEIE okl e ot e

det er m ned, tﬂeedfﬁﬁxs a¥fe %iéinplhﬂne:haodimehdaﬂstﬁhedrﬂboveh& merely ilvstrative
information bits. The present inventi. has been descri bed by
way of exarrpl:m,dshwld notbeconsxdg@aveﬁwuemany way. scope of the mvention

PCT/ US97/ 15637

modi f i cat?ons!® éﬂ&’%}aﬁs&ﬁ"o% fapPﬁ%degx lanqsa}'@th%r %l'.tegedvl\}lh su gest

thermsel ves t Oaﬁ(ill l\rﬁﬂaﬁﬁﬂs'a’inafb’q_lu_ jvalenty which €an! wttlﬁthdradg@af thengjafmoanet he
spirit of the I'nvention he exenpl ary enbodi ments descri bed above are

merely il ustintended to be embsareditberein. not be considered restrictive in any
way. The scope of the invention 5 is to be neasured by the appended _
clainms, rather than-the precedi ng description, and all variations and
equi val ents which fall within the range of the clains are i ntended to
be enbraced therein. WD 98/ 12820

PCT/ US9715637



16 1. A codi ng and decodi ng process for determning, the
endi ng state of a convol utional |y encoded: nessage having a plurality”
of information bits conprising the steps of: 5 :

di vi di ng wee9gm28a0al ity of information bits into a first porRCTUSIII5637
information bits and remaining information bits;

encoding the first portion of information bits using a bl ock coding

scheme to generate parity bits; pl aci ng the bl ock coded
information bits at a beginning of a burst, 10 foll owed by the remaining
information bits and placing the paritj bits after the bl ock coded

i nformation bits and before the end of a burst;

encodi ng qggggggsst wi th a convol utional code;

transmtti convol utional ly coded bursts; and .
recei ving and decodi ng the convol utionally coded bursts, wherein 15

when decodi ng each byrst,, the, endi.ng state of .a buyrst is .- :determ.ned
by detected val &d bl nd, dced RIpcess for determinmg the cpding: state of

decodin ' : : s vdhe net hod 'of_
? p&%ﬁ?&%ﬂa&&%ﬁ&éﬂ%gﬁﬁé 2 P%“ﬁ%‘?‘y of mfonenﬁgglégépbu_r sts is

claim1 whereint I ng the Convoltut _
acconpl i sheainpsisihg ther $tepsdefc odi ng. - 20 . 3. The method of claim
2 wherein the Viterbi n the bursts w thout

2 vher g1 1 e Vet by ekl 5 o s i S B AL
?L;Sngg ﬁo%ﬁ’%&nnﬁs *‘m?? W?&ﬁ?@éé“ﬁ?? Elrjlr or Rat e (BER) 25 aﬁd
m ssed detection rat encodingotheifirstzpattion of informatikmebjts wsinga iblack axding
scheme to generate parity bits; o
- placing the block coded information bits at a beginning of a burst,
10  followed by the remaining information bits and placing the parity bits after the
block coded information bits and before the end of a burst;
encoding each burst with a convolutional code;
transmitting the convolutionally coded bursts; and
receiving and decoding the convolutionally coded bursts, wherein
15 when decoding each burst, the ending state of a burst is
determined by detected valid block code word after combining the convolutional

decoding processes for all the bursts.

2. The méthod of claim 1 wherein the decoding the convolutional
encoded bursts is accomplished by Viterbi decoding. '

20 3. The method of claim 2 wherein the Viterbi decoding is performed
on the bursts without tail biting. -

4. The method of claim 1 wherein the parity bits are Cyclical
Redundancy Check (CRC) bits.

5. The method of claim 4 wherein the average Bit Error Rate (BER)

25  and missed detection rate are optimized for the message transmission.

AR
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6. The whlogadsef claim5 wherein the average BER is decr cpeetisoy15637

pl acing the CRC check later in a burst. 7. The met hod of
claim5 wherein the mssed detection rate is | ower ed by placing the
CRC check earlier in a burst. 5 8. The nmethod of claiml,
further conprising the step of: splitting the bl ock
coded information bits and the remnai ni n information bits into
several bursts 9 al tal conmuni cations syst em for

a transm ?gr " °F orthe Heied of %m”?w%%@ﬁ&é%mﬁq%ﬁﬁ {fssgtased by

nurber of | BBk ORE! chfok Brdpta Bieer o1 1 ncl udi ng

means for s portion of the information bits from remai ni ng
I nformati on bItS a parity bit generator for
generatingache f or P ion af the format i bits;

neans for sel ectl vel yd'alfs?‘?‘i‘g‘ioiﬁl% w&’ﬁ’é"&’kﬁlﬁ'&‘s %tecnon m?ééﬁ d portion
of said infgg W&.ﬁ ACRE chetR ¥RILIdY 1) itk MALI ON bits to

generate ‘a mappe ssag burst, such that at |east sone of said remaining

information bits are disposed at an end of the nessage burst; and 20
rreans f convol ytion | bur st .
%(ra syst em®of c?@%’?‘@tﬂ?ﬁ of I‘f&’mhgﬁgﬁ ﬁﬂﬂsﬁéﬁg@&e step of.
splitting the block coded information bits and the remaining

information bits into several bursts

9. A digital communications system'for transmitting and receiving a
message burst comprising:
10 a transmitter unit for transmitting said message burst havmg a
number of information bits, said transmitter including:
means for separating a portion of the information bits from
remaining information bits,
a parity bit generator for generating a checkword for the
15  portion of the information bits;
means for selectlvely positioning said checkword among
said portion of said information bits and said remaining information bits to
generate a mapped message burst, such that at least some of said remaining
information bits are disposed at an end of the message burst; and
20 means for convolutionally encoding the mapped message

burst.

10.  The system of claim 9 further comprising:
a receiver for receiving transmitted encoded message bursts
including: |
25 a message burst decoder; and
a parity bit decoder, wherein

* c L M -] *



a receiver for receiving transmtted encoded nessage bursts

1 L

tncl udi ng: 25 a nmessage burst decoder; and.

a parity bit decoder, wherein WO 98/ 12820

PCT/ US97/ ¥s638/12820 PCT/USDO/15637
when decodi ng each nessage burst, the ending state of the nmessage
burst is determned by detecting a valid bl ock code word.

11. The system of claim 10 wherein the encoder is a convol utional
encoder and the nmessage burst decoder is a convol utional decoder. 5

12. The system of claim 11 wherein t:]rg decodi ng of the
convolutionally encoded bursts is acconplished by Viterbi decodi ng w thout

t he . use of tail biti he stemof Ia|m12
wherein the parity bits ar%}ﬁ?ﬂ‘gﬁ cach mesﬁgé?mﬁséh@ﬁ %ﬁé’&k‘ Sl ts.

10 mesdage burstie detephitied Oy dotétkifl LOvalacKIoEl codeowsRENS for sel ectively
positioning said checkword positions said checkword such that the average
Bit Error Rate (BER) and m ssed detection rate are optlmzed for the

message tr@ns My é}gtegxe%f ggxgéao wherein the enco-ﬁexe lsszy &tmGV aim 14

wherein the aver age
encoder and the message burst decoder i 1s a com_/olutxonal decoder

5 12.  The system of claim 11 wherein the decodmg of the
convoluuonally encoded bursts is accomplished by Viterbi decodmg without the
use of tail biting. '

13.  The system of claim 12 wherein the parity bits are Cyclical
Redundancy Check (CRC) bits. '

10 : 14.  The system of claim 10 wherein the means for selectively _
positioning said checkword positions said checkword such that the average Bit
Error Rate (BER) and missed detection rate are optimizeﬁ for the message -
transmission.

15.  The system of claim 14 wherein the average BER is decreased by
15  positioning the checkword later in a burst.

16. The system of claim 14 wherein the missed detection rate is

decreased by positioning the checkword earlier in a burst.

17. A method for coding a message comprising the steps of:
identifying a parameter associated with positioning of an error
20  detection field;
selecting a position for said error detection field within said
message based on a desired value for said parameter;

shifting information bits within said message to accommodate

L




15 _ pgsitioning the checkword later in a burst. _ 16. The
system of claim 14 wherein tHe mssed detection rate is decreased by
posi ti oni ngydigeHesgkword earlier in a burst. PHIUS97£5637
met hod for coding a nessage conprising the steps of:

identifying a paraneter ‘associated with positioning of an error 20

detection field; selecting a position for said error
detection field within said nmessage based on a desired value for said
par anet er ; shifting information bits within said
nmessage to accommopdat e WO 98/ 1280

PCT/ US97/ 15637 - . . ) R N . 19
posi ti oni ng drosiiigning.of $aid garprdetection field at spidselegtedpasitiong agdsi ti on; and

convol utional Iy encodi ”&)tﬁrﬁil.ﬁiioﬁ%g E%@Z?Z@%igﬁdﬁ%fa&e; . a 18. The

met hod of claim 17, wherein sard-error. CRC field.
5 19. The nmethod of claim 17, wherein said step of identifying
a paraneter further conprises the step of: | . .

i dentifying at | eal8 Qn'gh%m%rﬁf @mlhwﬁeﬁe th$aid gerop detestion fickhisaa

and bit err or ché! feld. :

5 19.  The method of claim 17, wherein said step of identifying a
parameter further comprises the step of: -
identifying at least one of frame error rate, missed detection rate
and bit error rate. | '

—_—
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