WD 98/ 43360 PCT/ US98/ 05706

LI ST QUTPUWO\gs/ESeBl DECODI NG W TH CRC QUTER CODE FOR MULTI - RCAISIBOSIG
BACKGROUND OF THE | NVENTI ON 5 |. Field of the Invention The
present invention relates to digital signal processing. Mre :
particularly, the present invention relates to a novel and inproved net hod
10 and apparatus for decoding a frane of digital data that contains
redundant LIST OWERWT WITERBOPECOBINGt WHH CRC OUTER EOPEFOBMULIIBATESIGNAWN about

t he dat a. 1. Description of the Related Art 15 As wireless
comuni cation technol ogy has advanced, users have conme to demand hi gher
transm ssion quality in the servr ces provided. neans of providing
hi gher transnission quaBAG U'Nﬁ @FaTI'EEJNYENTIQNoI ves the use of
digital gransm ssion techni ques Several digital nodul ati on techni ques
are known in Qqa aﬁr cl UdJ ng code division 20 nmultiple access (CDWA),

time divisiloFleldiQ '&! (TDIVA) and - frequency division nultiple
access (FDIVA) The spread spectrum npdul ation techni que of CDVA

has significant The pxesent agergnm relates tngib@nalrmgaabtpmes&;esmme

The use of I;ygéglar t r@reg RN HA @ gmis
di scl osed i*n %tgt oi'ﬂ»'féléiébetgf&tﬁié’ggl SPREA %IgéE RléJm(s
ML T PLEO Acnbapparataniny) aﬁﬁw digHel datecthatreoRRing & ﬁgﬁﬂt

REPEATERS" ,chekibifsesk aRy U%ﬁﬁﬂe%ﬁﬁ'n@éhéﬂﬂwmmﬁe ikinowry abbub theddta.
I ncor por ated by reference herein. The use of CDVA techniques in a

mul tiple access conmuni cati on systemis further disclosed in U S. Patent 30

No. 5,103, 459D esnfptionaf tiy Refated A NETHOD FOR GENERATI NG © Sl GNAL
WAVEFORMS | N A CDMA CELLULAR TELEPHONE SYSTEM igned to the
assi gnetB of t he s ewineless cammwnication; r’re@m!pmreb%ya cnsere chave

her o o g o Ut 3t 6 e pRBAEIAL Ot
Associ at i onmefns /9f provitling Ehighled- ﬁ‘énémmsmn quality to provide that service
involves the use of digital transmission techniques. Several digital
modulation techniques are known in the art including code division
20 multiple access (CDMA), time division multiple access (TDMA), and
frequency division multiple access (FDMA). '
The spread spectrum modulation technique of CDMA has significant
‘advantages over other digital modulation techniques. The use of CDMA
techniques in a multiple access communication system is disclosed in U.S.
25 Patent No. 4,901,307, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS”, assigned to the assignee of the present invention and
incorporated by reference herein. - The use of CDMA techniques in a
multipie access communication system is further disclosed in US. Patent
30 No. 5103459, entitled “SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”,
assigned to the assignee of the present invention and incorporated by
reference herein. The method for providing = digital wireless
communications using CDMA was standardized by the
35 Telecor‘hmunic_ations Industry Association (TIA) in TIA/FIA/IS-95-A
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2 Mobwioosrissdel on- Base Station Corrpatl bility Standard f%ﬁ@kmm g -

W deband Spread Spectrum Cel lul ar System (hereafter |S-95). 2

 Because each user s transmission contrigputes incrementally to the noi se
to other user’'s in a CDIVA corrrrunl catlon system the capacrty of a 5 CDVA

system i s Muobilei Sts 3¢ NStatios B 5

t he user s burden on

necessary Ajt : ducr n
capacity WHHAMIG S SES Juser is by neans
of vari abl g S 2 a

- transni ssions by ?ﬁ?e %amu‘g%e?‘gv?ra?‘ ggﬁ%l?ﬁh%ﬁnh&%egeirﬂcgéﬁ#eﬁtﬂi 5’ thﬁg
vari abl e mafise tnothémuserfs it a GZDMAhcdatmunﬁ:admc ' J thedei i 6f B. S.
Pat ent : 4 4, 796, .issued enti ﬁ}'ﬁw VARI ABL RATE V , ass| gned
to the s tePhéer?@é'&iFe ing i eachanser H@Bﬁ%ﬁaﬁfﬂﬂ as muehr ence

orror dcor?seé‘uéﬁ Bch S EREul a6 RMGimg HEBErRIRcRn S50 '

syst ens. bspaﬁnemmdmdeﬂmutgeﬂwquaﬁqaoﬂ senfitetd lthﬂt ﬁb@nnf.'by irRearE Gfer r or s
i's through t he . e&’rpl oyment, of tre|lis decodlgqgFg A Viterbi decoder s a
speci fic (vgpiably rate data dransmigsiony svhere the mtsargsﬂussm dbhent ages

over otheg, cti
per f or i ng g/‘ltter]ﬁs Wltﬁagﬁfé Aﬁ%‘%&‘%ﬁ?&%ﬂw o) gq‘é%pgolgre fl%ﬁi of,
Sept emher o 1005 et Ll hatl e L T RATE SRR AL %t“‘s%%‘%%z%o&' o
ept emrber -
CDIF\)/A SYSTE&ARII aﬁhﬁg&éﬁ ézéCOQERé'h apsjgned tonthe assigneeakithaepresenthe
present i gyenhd @Sfiadrgﬁéa 39 &?&Qn@é‘ ].{ee‘tﬁr ence herein.
erral ns I'n t t

However, a nee or systens and techniques to 25 further
i nprove on thelmodrder gprotectafdgainistd dhymhbb m&ceﬂ)deﬂrets,ordlgxtal tegoni que

and thereby achieve jngreases in yst m cap gt?g/
SUMVARY 't'ﬁﬁa esagre emP elfhrveeless | Gapamunigation o syetems. and

i nproviyl O RIGREd for deflRBREHNE acéd

whi ch cont ai ns redunmc:mt g| nfof%%téfgﬁgngg\i}?lgﬁéﬂ?o vaiéli-r tke tﬁ{' @éodl ng

oper at i on! qhmnipymmt of trellisvdecadingi r!br‘éﬁeﬂuodnhodgrgalmspeuﬁc epdofyst em

and yi el dg ¢’ R348 which has shown significant advantages over other error
correction systems. A method and apparatus for performing Viterbi

decoding of variable rate data are described in detail in copending U.S. Patent
20 Application Serial No. 08/126477, filed September. 24, 1993, entitled
“MULTI-RATE SERIAL VITERBI DECODER FOR CDMA SYSTEM
APPLICATIONS”, which is assigned to the assignee of the present invention

and incorporated by reference herein.
However, a need remains in the art for systems and techniques to

25 further improve on the coding gains afforded by the CDMA modulation
technique and thereby achieve increases in system capacity.

SUMMARY OF THE INVENTION

30 . The present invention is a mnovel and improved method and
apparatus for decoding a frame of digital data which contains redundant
information provided to validate the decoding operation. The present
invention improves coding gain in a CDMA system and yields increased
system capacity. In the present invention, a frame of data is provided that



system capacity. In the present invention, a frame of data is provided that
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3 ~ contains information bits and cyclic redundancy check (CRC) bits. The
received frame is decoded and a check i $ conducted to detern ne whet her

docoded ?'r%s?m‘éﬁiée tinsioncbite ahd, Syele sedingein ek ek Bl o, Th e 12

5th h
e user tlOngﬁo%aggijada&e&ls%adeetedoeéaétéﬁnﬁté:wnsmeﬁ en

at Ieaset one a I ng process Is perfornmed on the received
frane. the CRC brtstdmésponﬂ eomreqtly for ¢headicodad infoxatipnebits: If the

that yi 2%@%‘«?@" gmqléa@@fe@ R I ek bR, the 'éiepp&eﬁ?%‘%{esa;‘&xoé%&s&"to/t CRC
test 'S %ggf}gg ea%codé'&@ftﬁﬂ fcfd%%cﬁ ep%ttﬁe ¢Rdte§t GRentAS

fails, he re determ nes second nost |ikely pat h
through t hleast ohélﬁm&bml@&d&n process mtpazfonmd onnthe receivied ftameded

Iﬁ?ﬁn%?f?ﬁ b1 1 41 ghe F55t peRmBla decﬁe&gaemotr Sk invention, Hecaoey
et 1 kel B BARAHPRER, 2 e, dpdend W?%%%?‘%‘a??‘r ?%L%‘%%“*S“’ehﬁﬁ?f |

the CRC t ephth shroupdethé whdllis (is sedetted. lthRCatqstestehm performedben thie
decodi ng attenpts are un lrjfgﬂceSSf ltg ﬁ%e andt&aa_’eg . decl ar,es hat it
is nabdeeoded frarpgeo & fai edespder t

'ltpefil ?gcgggo:re l"‘alnd%%\é&ﬁ@%at yl%tﬂ(}%qﬁ&aun%stﬂlﬁcﬁgﬁ pat tﬁ?oug t he

|-

trellis istlen &l (BKZthesdecodedtftmqeefdmamedomdl timne. ddf dieddécomted of
data. If the test  faj the trellis decoder then jdeniif,jes,paths
havi ng flﬁﬁ‘i’ nagses the; ¢R§j teeb dbecinfrrmation %’ﬁo‘ﬁ? B‘f‘{P&‘ e ‘a%%lff'at ed
w th the h tpe! tieBid RAeRod
per f or med on t rg?k &bgbgé‘?;{g%%‘kw respecct:-EtQ% t stgubs'optl mal g%tehrs as

- they ané f selndts the mext most likelypeth thaobgh the trellis Cﬂhis @rocess istrepeated
N Efe"&g‘é‘éhii‘mhhtﬁﬁiﬁié setar purckssfilycpassed o Wil predeffiipRicyaiinRy o
| mpl ement aljepsd; &daﬁguﬁs%daeﬁf&ny%&é hiidah¥idekbler deeml@g that it #nd
the netrics used-are marmto metrics.
DESCRI PTI Oun@bleTtéEd s theSframe and a frame erasure is declared.
In a second illustrative embodiment, the data is decoded using a
20 trellis decoder and the data that yields the most likely path through the
trellis is selected. A CRC test is then performed on the decoded frame of
data. If the CRC test fails, the trellis decoder then identifies paths having
metrics within a predetermined threshold of a metric associated with the
optimal path through the trellis. The CRC test is then performed on the
25 decoded frame with respect to the suboptimal paths as they are found. If any
of these paths pass the CRC check, the information bits corresponding to the

most likely path are output by the decoder. If not, an error is declared. In the

H

preferred implementation, the decoding is performed with a Viterbi decoder

and the metrics used are Yamamoto metrics.

30 s
BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when



The features, objects, and advantages of the present invention wll
becone nomeosg4saéent from the detailed description set fortpresegswean
WD 98/ 43360

PCT/ US98/ 05706 ' 4 4 taken in
conjunction-wth the drawings in which |ike reference characters
identify dekeadpoeanjugetionhwithytue drawingshin evhich like referencé|dharactess an

exenpl ary jdeABiicopies oﬁgﬁﬁ%& &léiﬁ&gg‘yﬁe ain frames which
contain a set . r L ON_ Ri:1aS; . El GS.
2A- 2DI are :n Z%rrcglﬁgig# us rl%tyisoﬁng %# Rv%?;:%ﬁ[L ﬁetrg?s%s data in

structure fehmiebavitichvontainrvsetiofd@RC bits and a setfdf@nfotmaticibiyenp! ary
i npl emept ati on of the decoder of the present | - invention;

FIG 4 9%s a bl Jdei2fybnansian gxemplary dlustpation ofrthedvasiableorate Hzame

decodin ' nt..jnyention; FIG 5is a flowhart
descri b?n%&n@%ﬁgﬁgﬁg‘g@@%‘)ﬁg%§ a of the first -exenpl ary
embodi nent ; FIG. 3 is arf bemplary %a%émmwn of the ddtedes of thé presdrit Ons

in atrellis decoder; 7 is an illustration of the selected
paths in tH¥eREIE transition 15 trellis of FIG 6; FIG 8 is an

illustration of t4- t hr Qu t,rel lis, decoder ;. FI G
9 is an illustra |°(F§!r3:;s}3?sbgha§# é‘?"tﬁaﬁ‘@hﬁ’éﬁf?ﬁ%‘&&ﬁﬂ‘§°§{‘%@s of the

FIG 100 sdevoding kysteft bf the brésedrttingbhtiondecoder of the first exenplary
enbodi nent; 20 FIG_ 11 js an illustration of the best path through

atrellis and tH&.5 is aflomwohazy deseribing thetmethad of decoding\dataof the Sissti at ed

with that th. _ . |G 12 is an illustration of a second best path
selected in g{&lar aer%}é‘)dlmervl:’\‘lth the first embodi nent; FIG 13 is

an illustrati orFIG. étiserf ilhstration ot stateirafsitionsdh strelliscdeiodes: 2

trellis and the@&o?:)yt ed path sel ection difference val ues associated with
the third pat h H& dcisi 8 ilugtration of the selected-paths in|theystetertransitipnr at us
of thejseqpafis ¥ i@l g¢ry enbodi nent of t he decodi ng system of the
present invention, ! FIG 15 is a flowhart illustrating the

met hod of the $86o8dsancillustratiofCofearpath selettion thivugit a teeilis devedés; on;

FIG. 9 is an illustration of an encoder thaf_ has four possible states;
- FIG. 10 is a block diagram of the trellis decoder of the first exemplary
embodiment; |
20 FIG. 11 is an illustration of the best path through a trellis and the

computed path selection difference values associated with that path;

FIG. 12 is an illustration of a second best path selected in accordance
with the first embodiment; |
FIG. 13 is an illustration of the first and second selected paths through
25 atrellis and the computed path selection difference values associated with
the third path selection process; | |
FIG. 14 illustrates apparatus of the second exemplary embodiment of
the decoding system of the present invention;
FIG. 15 is a flowchart illustrating the method of the second exemplary
30 embodiment of the present invention; | |
FIG. 16 is a flowchart which illustrates the threshold technique for
selecting suboptimal paths of the present invention; and



FIG 16 is a flowhart which illustrates the threshold techhi qgue for

sel ecti ng WOWP84836/al paths of the present invention; and PCT/US9${05706
98/ 43360 . | ~ PCT/ US98/ 05706
5 FIG 17 is a trellis diagrambillustrati-on of paths ascertai ned

by t he seco | ar pbodi mnent of the decodi ng net hod .of ,t,he

pr esent i nvgﬂﬁm 8 trellis ﬁa@@ﬂﬂi{%mﬁ?ﬁ apc edaBERRED
EMBODI MENTSecond exempldry! efiboitimente of otherriscoding! metlvgd aof/ the pprresenitons
will now be described with reference to the acconpanying draw ngs to

di scl ose tH@vf&h%vant ageous teachings of the present invention.
Wiile the present invention is described-herein with reference to

illustragive enmbofypPATIEDDES CRHINT RAOE ' Ry d be
understg%d t hat tﬁ?EI!EVEHEIOH 'S _No |%10tec chmFgPREI(‘Ee a\llﬁl ng

ordinary skill in the art and ac dVEB IME I ngs provided herein will
15 recogni ze additional nodifications, applications, and enbodi nents

Wi thin. t he shhperativer esibadithetisi ahdnexerhplirgsapplivdtics tvill picwebe

I nventi.on - woul.d be of significant utility. | .. Referring to, FIG
1, data soudessribed, withyasferenee stootheyj agcompanying drawings e disclgpeaithe

enbodi t, ﬂ?&ﬁa 0 RLQV] a er.y 20 ms, 20 though the
presenmnvaen ] oné"%ﬁsggel?%a{ a%ﬁ R ec{ o“gr%i)l{el%n'r ates. In the

exenpl ary enbodi Wiiile tHatpresent dfveéntiéna iy aldsalibed rieireird aviths pefeeenceh eo e
the nunber of bits in the franmes changes with tinme, In the exenplary

enbodi ment ,luéilélttétlé’@ré@deli@%lt%arfpﬁbIRarﬁ&P&arspéﬁﬁﬁcm,, #n should| eber
The' specch deBied fna? 1 ThEBRADAIASn0s WimbHie Mnehlho, > Thbal Ravivg

The speech codé erects ara
which to ersrdigary skillrin chedagidrid adcespaecthes asadldngs garovided tharetnewdly of
reduces the nunber of bits sent, when the

th in that .. Thi

usgr S?ﬁ%ifm‘s&s@@%@&éiﬁ% ra'gcslMe&m!m@owﬂ AR e@nbodiments ‘within
interf t i . ' ' t . 30
ot ed ot e, SedBd BlerdSE dhd RdA:EEHA ST T YRR HE SiRactl AVMIORD

sour ces. Mouweulkbe dftsigmifieanttitilitwention is equal ly applicable to the
Referring to FIG. 1, data source 2 provides frames of digital data. In_

the exemplary embodiment, data source 2 provides a frame every 20 ms,

20 though the present invention is equally applicable to other rates. In the
exemplary embodiment, data soui'ce 2 is a variable rate data source where
the number of bits in the frames changes with time. In the exemplary
embodiment, data source 2 is a variable rate speech' coder, an example of
which is described in the aforementioned U.S. Patent No. 5414,796.

25 The speech coder in the U.S. Patent No. 5,414,796, selects a rate at
which to encode a frame of digitized speech samples based on the energy of
the samples in that frame. This reduces the number of bits sent, when the
user is not speaking, which as described above minimizes the user's
interference to other users in a CDMA communication system. It should be

30 noted that the present invention is equally applicable to fixed rate data
sources. Moreover, the present invention is equally applicable to the
transmission of digital information other than speech, such as facsimile,
video or other digitized data. _ |

The frames of information bits from data source 2 are provided to

35 frame formatter 4. In the exemplary embodiment, frame formatter 4



transm ssion of digital |nformat|on ot her than speech, such as facsi mlé_

video or WOhes/43d60yi ti zed data. The franes of i nf gicfagdeRiasokt.S
fromdata source 2 are provided to 35 frame formatter 4. In the exenplary
embodi ment, frame formatter 4 Wg 98/ 43360
PCT/ US98/ 05706 6 consi sts of

CRC gener acensigtsaofl GRC | gerieratgenérandrtail bilRgeperatont®r GRC gegemtont&s a
.. set of redundan hec its i CGor e.w:th the info o) bits
provi ded |ﬁe!??f3 é E ‘?ffﬁréélﬂ"% é?ﬁf?@é‘ nhﬁ& Mg&&"’e Rag}ﬂtmn

bits to thpj deﬁhﬁl m& e.s‘ refﬁﬂtd @ePE' Q%ﬁeﬁc% m@%ggﬁtﬂug ant

5 check bit Qenerators, eS| gn an errent at | redun 't or
parity bi tbgelhmthe drames eTheIprehem/\mventidm isr applivable &mnithely redundane nt

of CRC ratoy.6 i s descrj,bedq i,n the ajor nment i ohed Pat ent
5,414, 796 g‘?&ﬁ%é’é atorsythe Pﬂdﬂ@ﬁ meRt aé!%hlfg lﬁtfiaéﬁ P#a?rthe

pr esent | i or s
D0 vouP i, Bt grhefitoR ade MO Kl Brl hePBfi?) Ah EaRgRly b SdiifeAt
The franme obn@RCsigemetdteri 6f ¢ ndescribedi s #vel afdCetrierdionedpr WWS.dePatent t o

bits g@“eﬁéﬁ?aﬁén%&?ﬁﬁﬁéﬁﬁtﬁ%%ﬁ% ouit B ot a&i?ﬁﬁfimﬁéﬁs‘io
in the 15 PRSEREIRVRIOR Bl Uty bopliable el oltor 1 haRihe IR ReRGrlSECH

tail bil0s would benaderstoedoby oneoftardimaryeskildndhéejat. of encoder 10 to the
zero state. Referrin FI GS 2A-2 empl ary f
formats of the Ihe framegqm Yﬁ%’%&% qq}%t‘?‘@t%ﬁi %%@étsf#mw ts
are referr

@jtatil%ﬁgenﬁatai’b %Hﬁkﬁ%eﬂ@fdt@@ a%set bRl B%%%ﬁéﬁiﬁpf&g vif the

the I S-95 standar readi Iy apparent to
art that ttmeﬂpe dsame. i Thenpurposes of theaqaﬂl bits dispta dahdee encodére 10etwdi ng of

data t d her, f f |
erbod non PRAFPRBITLERS AsR AUk fragme, IS fARviad passing thepash Fobeths

Ref err i1Bg é:&xﬁpﬁry%mbbauﬂaﬁta &ilUbRegendthedt 8 gexieraféns €8 of CRAP rbﬁsl &g of
267 information bits, referredto asaful frame, then

gener at or ¥Alyererasessto foree @net@:tpué@éteggoql#r m\tca&e)zmgtem th the

Goner ot teisog o ReRPHnBPRER T FES2RIAS IR LRGHIAN® falfl foped BREREE O °
t he enﬁmmeuimedaﬂw {ihisteated cOThse frapie® \fortadtsahrd refertadl ttoO4s t he

frame Whl c
multiplex option 2 frame formats as standardize in the IS-95 standard. It

20 will be readily apparent_ to one skilled in the art that the present invention is
equally applicable to the decoding of data transmitted using other frame
- formats. | | |

In the exemplai'y embodiment, data source 2 provides data at four
different rates. Referring to FIG. 24, if data source 2 provides a .frame
25 consisting of 267 information bits, referred to as a full rate frame, then CRC
generator 6 generates 12 CRC bits (denoted F) in accordance with the
information bits and appends those bits to the frame. Tail bit generator 8
génerates 8 tail bits (denoted T) of value zero and appends those bits to the
frame. A reserved bit (denoted R) is provided at the start of the frame which

30 can be used for example for controlling traxismission power. .
Referring to FIG. 2B, if data source 2 provides a frame consisting of 125
information bits, referred to as a half rate fréme, then CRC generator 6
generates 10 CRC.bits_ (denoted F) in accordance with the information bits



30 can be used for exanple for contreolling transm ssion power.

Ref erri ng WOS/43362B, if data source 2 provides a frame consPETAURE/A5706125
information bits, referred to,as a half rate frane, then CRC generator 6
generates 10 CRC bits (denoted F) in accérdance with the information bits~-

7 2 and g ApREnds hose bit<othe frame, Fhen taikhit generaip SgRETas S B
gener at es_fgsaldenoted Uty b (B! Eéko! hnflf aBLiifs 458 Btk BPRREIfrablOSE ADI t S
ne. rese It (? tea

to the fra rve eno I's provided at the start of
the frame weservedebit ifdenoteduRpis providednat thef staricohthelframeg wihicts riansben
power . Referring to Fl ,2C, if data source 2 provides a frane

5
consi st i ng usedsfor example Jor.controlling dransopissioiPOWess a quarter rate frane,

th t . t [ t [
L1 G 9ene 2 ing o BRSCAE) i B B R0 ¢ bl COnBERRE‘GrSs
tail bit gdnformhstioR bies)aeferral o asia qhiaiter rate fremst thibnlCRC getlevstor €6 o

and appends those bits to the frapge, A reserved 10 it (denoted R) is
provi ded atgenstates 8 CRErbits, (denoted Hlinaccerdance ‘Mgtbé?\pd;}ormamm and

controllin } S5 . | E | £z

source 2 p%gﬁe%@é%ﬁ% gir#egg\(ﬁés |ﬁs¥rli%'g Tanzt fﬁ GJIF%H}%F& n11ca)§| erﬁegizttgg ,g tiaél?gfrté? ed
to as an ei(dehbtedaTy of vale Zefeand &p tHose Bits to tlye feamecsAbrésBfvdd t s
(denoted F) .in_accordance with the informatiogn bits and 15 appends_those

bits tol@ hdit fdgnoted Rnisipravided afdhe siamdofsthee fiame sxhich gan he used for

(denoted T) I . its to the frame. A reserved
bi t (deno-t'eeaﬁ% |sfdgr°é\%%elgﬂ tt?%ﬁsgﬂg"?gﬁ]?%%%he frame which can be used for
exanpl e for contRefetring té FEGs2D; ifi duta Bovete 2 provides a fraiate conssinguof21l

fromframe formatter 4 are proyvided to encoder 10. 20_In the exenpl ar
embodi nent in on 1bits, yeferred to as ancgighth rate frame, theéh&bsérgmemor

constrai nt i & | ﬁ%d%@j‘w ' : A
convol uti oréﬁ%%gén@% edrjgcl(ﬁ;ﬁﬂchnq}ﬁ%ﬁﬁ#ﬁ%tc e art. The %ﬁ%%%a%?/%%gﬁssand
f r om ent®dappkhdarthoge bits de dhe framé.c Theavail Lif generator 8 generateb & tailchits ar y
enbodi nent,, i nter ver 12 selectiyvel ovi des, 25 redyndancy,in the franme
so that t he,(dﬁilﬁ{ﬁd %gg?é(ai‘é%@ﬁf%én@hépﬁ%‘? é&ﬁ&c‘?ﬁt‘bfhe fe ArIEsEIVed ¢ he
frame-is | 'Q?*ﬁ ~r‘[§{$ﬁm- Lot h%nﬁé hiles ' es
of the synb%gfg‘ ﬁéLﬁ):]fs e #@aﬁg tlhg sﬁ%’llt]?&;/ﬁee, t eﬁlwl nt er ealt:{/eceiﬁﬁgl%qaf
provi des r exkamipledpr contraling tmmémrssrdn poavex. cont ai ning a single original
copy, of the synif &g esobiit £5CtrRin RIS P RS prbVidddfed LABad: o,

20 In the exemplary embodiment, encoder 10 is a rate 1/2 convolutional

encoder with constraint length nine (k=9). The design and implementation

of convolutional encoders is well known in the art. The encoded symbols
from encoder 10 are provided to interleaver 12. _

In the exemplary embodiment, interleaver 12 selectively provides

25 redundancy in the frame so that the symbol data occupies the full capacity of

the frame. If the frame ié less than full rate, then interleaver 12 provides

duplicates of the symbols. Thus, if the frame is half rate, then interleaver 12

provides redundancy of rate 2 with each frame containing a single original

copy of the symbols and a duplicate of those symbols, if the frame is quarter

30 rate, the interleaver 12 provides redundancy of rate 4 with each frame

containing a single original copy of the symbols and three duplicates of those

symbols and if the frame is of rate one eight, then interleaver 12 provides

redundancy of rate eight with each frame containing a single original copy of



30 rate, the interleaver 12 provides redundancy of rate 4 with each frame
cont ai ni nwomsass! € ori gi nal copy of the synbols and threepggiisogigdrgs .Of

t hose _ synmbols and if the frane is of rate one eight, then interleaver
12 provides redundancy of rate eighg with each frame containing a
single original copy of WD 98/ 43360

PCT/ US98/ @h&@gmbols and seven duphcates of those symbols After Symbol trépetitiohol s
and seventgyl | cat es. of t&) After sy et| i on they are
punct ur ed ‘BGY ¢ eté\ﬁa&yo‘é of averY WBP oo A givennynper
of synbol rs,’ﬁﬁ'ﬁ’ gcﬁb':e h

reorders t e Egﬁ’& I'n accor ancépw tﬁ%@gg'grge erm n ?%o& er1|E B{I?Br mat.
5 In the eeerderathe sydrdndﬂsrimaccdrdamé withea piédeuemnlais reetﬂarﬂegltcyrmaﬂ :

reorder e frarres ihed in the | S-95 standard.
ovi sod s ;(ﬂ‘og’r% emx HEentd dntarigavex m.ew‘ﬁéemmdanm ad

synbol s i, ffanws @es‘&h f on format. In the
exenpl ary e |rren dgu% a orﬁggtlﬁstﬁgri nmodul at or as described in 10
detail in the mmmd csymbdls &re pm\adtadmsmoﬁtﬂ@fb.rmﬂvlaoh modledates9. The

nodul ated franme of data is provided to transmtter 1 h upconverts
and anpl i thesymbols inagcordance lﬁﬁémﬁﬂﬂﬁ%ﬂmﬁ Hhdt

Ref ' I
o B " kB S AchbRe bl 1430 o Wﬁ%@%’sﬁ%% 50. 15
Recei Vi ﬁétaibmahe\afotaneﬁhbned SUfﬁncPaiemi Nose£4,90b,307 cared \B:10354590aThend

provi des It duI at 52. . Denodyl gt or 52 denodul ates, { he recei ved
si gnal “&‘éé Qa isgprovided e trapsmdtter 1 w. UPCORVerts

géggﬂ g;é | ﬁ‘bﬁ‘ﬂk’mﬁ% In ?ﬁaﬂa errent [ ot%etg SP%@‘ %&%@5@581 '307 and

20 5,103, 459. Referring to FIG. &armgnlahtm\shuwed by thi= trarismission dﬁtenol

de- |nterle reorders of t data in rapne in
accor danc@ :ﬁ“h%als recegygﬁg{y ﬂéana'z-?r% gb%treﬁ??ﬁe’é S ‘in the
pl aceslymﬁe‘éeﬁ)& 50 do'Wﬁé&JnFer&erﬁth&' ahgd 13 e NerkiveldoRi Cgad Lo

obtain a revised frane 25 forrmat. The revised frame of soft decision

3 y nbgl dafaozﬂeprm\tomxo@ulator &ac dmrmgds@atpe rﬁ%denmhdatesgﬂwse@iv%

_ Da
Sink £8P, AEOpliRe With, b Predetaiinidl RelRidubBoR el HhmE" 0,
exanpl e, iekeinplar§etbodififein) iiREdERESE B2 is al TDMA h@émblealster aasiisk 58

converts the speech d‘Dar ameters to digitized
described in detail in the aforementioned U.S. Patent Nos. 4,901,307, and

O..

20 5,103459.

The demodulated frame of data is provided to de-interleaver 54

which reorders the soft symbol data in the frame in accordance with a

predetermined reordering format and adds zeros in the places where the

symbols were deleted in the transmission process to obtain a revised frame

25 format. The revised frame of soft decision symbol data is provided to

decoding system 56. Decoding system 56 decodes the data and provides the

decoded data to data sink 58. Data sink 58 may provide post processing on

the decoded frame of data. For example, if the data is compressed speech

data, then the data sink 58 converts the speech parameters to digitized

30 speech samples in accordance with a predetermined expansion format, such
as that described in U.S. Patent No. 5,414,796.

FIG. 4 illustrates apparatus of the first exemplary embodiment of the

decoding system 56 of the present invention and FIG. 5 provides an



30 speech sanples in accordance with a predeterm ned expansion fornmat,

such . aWOMMB3@escribed in U S. Patent No. 5,414, 796. PCT/US98/Q5796 4
il lustrates apparatus of the first exenplary enbodi nent of the decodin
system 56 of the present invention and ¥IG 5 provides an W
98/ 43360 >CT/ US98/ 05706

9 accersempenying dlawehart; illustiating e method, of the Hest; FXEPPIIY ) ary
enbodi Mengpifod; r@PP{E gr tﬁl@f&nﬂ%&i ! 311{@&5’&:& in FFIGS. 4 anld5Sat at
rang o revi se S a

bl ock 250, the oft synbo ta fromde-interleaver 54 (of
FIG 1) iblouko2580)¢he tframedofsteviseal isoftf symbob date fraia0d¢-dnteFleaves) 54 tof

accor dancEIG Dhbimroviand B pnd storerh iporame itten RAGHHGE &8 process t akes |
advant gge of thihehlf bl 2§£rt¥1é%&§;?/oré)]%?§%a|?ﬁibiﬁ ins§ufbdl @irfbirfer 222

redundancy in ransm't a an etter estimte of

tlhfa trgnsgihtastdance zwimct?e dﬁmm&an%&flypoﬁiesﬁd The lapn-g:iningmpmdess d¢akegyy of
a redundant copies, 10 of that synbqgl. The prQcess of ggenerati an,
"nproved dvantage ofitherfact that Joraatesilssey gﬂﬁoﬁ_"% threals T cy in

af orenent | 'rgmki: : et Catinte SEBE | Aitteddr 477
The exem#@??%n |(r§sfi§ﬁa§ﬁg ?%ea hyoo.ﬁ%m S tehgitE ?’he ramne was
transni t t ggmiiol idalta canbe. artivédratibiesiminhingethe énepgy lofalkredundantivopiés
repetition exists and so_no conbining of synbol data is, perfor

d.. |
bl ock 54 0f that #xmbal; o Fhey pretess HhBrRerating pa FMpreved %%Innagf ﬂfeﬂ{'e

Viterbi d : | 1R mh I @r iy

decoder 2%&81%?15;%?%?%& ﬁ(ﬁ%ﬁ%ﬁ%oﬁfe% I'u[é%‘el n fghgﬁéfv?ﬁ lijaapgt[e)lrlteci ate
t hat A pplicationSeridl Noe08/ 126470 der s are equal |y applicable. The design
and 20 inplenentation of Viterbi  decoders is kno in the ar nd. a
specific i ihecgxamplaryrembodiment ¢ bf‘escﬁ%gbﬁﬁ%ﬂ%hﬁ%%ctﬁﬁgégei@% |
af orenent | : epgdi : t $1C &k 4.0 | , 477.
Mbdi fi ed %ye?’bu e‘f;tggerggﬂ% &%u@s@n%ﬁ%ﬁ%ﬁﬁﬁ?@%ﬁ% %ﬁgp

i nf or riR i mepétition aexistSRandi so nion cotrbihirgreo b\datasist petfofmade dati mate

fasyimpo
25 to CRC, test_subsystem 232. I n Rkl qck 256, test sub tem 232. ..
gener at es bi"é( 25 efi‘?éofiait%gf&ﬂ‘a‘aﬁﬂma?qqs C?P&W?W%eb%d’é'ﬂv’r rtﬁaﬁ‘%‘i‘f{ﬁdt s as
was descr hqgdbi d%t}‘?lcﬂég 24 erNGRe! ?@gﬁﬂ%@&iﬁenﬁéﬁﬂecﬁ upseesbem 232

conpares the Its generate e Information bit estimates with
t he esti meecoder 224 is a Miterbildechxder hittond skilleduinlithe @at willeappregiate dhat 224.

The resul toﬂ?ér té&%ﬁts of trellis decoders are equally applicable. The design and

20 implementation of Viterbi decoders is known in the art and a specific
implementation of the Viterbi decoder is described in the aforementioned
copending U.S. Patent Application Serial No. 08/126,477. _

‘Modified Viterbi decoder 224 computes an estimate of the transmitted
information bits and CRC bits in the frame and provides that frame estimate

25 to CRC test subsystem 232. In block 256, CRC test subsystem 232 generates a
set of redundant bits from the decoded information bits as was described
with reference to CRC generator 6. CRC test subsystem 232 compares the
CRC bits generated from the information bit estimates with the estimates of
the redundant bits from modified Viterbi decoder 224. The result of that

30 comparison is provided to control processor 234 which determines whether
the CRC test is passed.

If, in control block 258, the CRC test is passed, then the method
proceeds to block 266. In block 266, the symbol error rate (SER) calculator 228



30 conparison is provided to control processor 234 whi ch determ nes whet her

t he CRC t ey 98/433¢p2ssed. [f, in control block 258,Pctmggggogest= S
passed, then the nethod proceeds to bl ock 266. In block 266, the synbol
error rate (SER) cal cul ator 228 1¢/\0 98/ 43360 _ -

PCT/ US98/ 05706 10 conputes the

synbol er rcompates fhe syinboliermuaterité famthe defoded €rdme.or SER Scalculatprn228it es a
hard decision estinmate,of fhe received synbol data or l;qﬁg&l ves .the hard
deci si on eSeReFAleSa 190 egtimate, Zersdyed sym atagpirreceives -

cal cul at or 4264 PORHKES LhErRGOEh (RbAIRI Viferbl BBGALORAOTHE SR L o1 b

5 decoder eéncodés the frane using thée Same encodi ng Opérationh that
was per f or calculatore22®rereivied thel decodpdtdaty of d¢hetfeamesfrono modifiedc Vikedbs y nbol -

data. Tpe re-encoded synbol. data.js conpared synbol by synmbol to the hard
deci si o s??ﬁﬂ#’-'&gﬁéngnﬂ‘ S f UG, e encpding eperation fhatet s

of synbol ' r ' ' ' V] I 230
*h 30" bl ool pekforkii By BRANdEH IPFILEAT 1o kefrds o 0f RlerdbS Sfiho1 257
}) he dec odeda?y m:dhre-encmgl&yhﬁb_ d&iafaﬁﬂﬁoﬁ@@rﬁlh ol Ey sfyhd:dl%l ﬂzeShaﬂahf S g
een passeqd for that, decodin of that rate hypothesis. In a preferre
enbodi ment$ e‘%‘&F‘fﬁYéﬂb‘& éa.tamn% the pumbear, ob discsepanciessbelavean: theyfwoissts

sel ector 2 Ll sl ¢ ot t g I ' r.qvi ded
o sel ect off DEPAF Ratlis e bl Emd ri whid) I proVaclPtd bfictr el
| f thelORMbloek268ails in block 258, then in block 260 control processor

234 increnents ount of 'the nunber of attenpts made at decaodi ng the
frane under th mbtpmerﬁymtﬂesmqr#ﬁwm 63 ppeekak o

234 20 det agl BRME! I ol el HEICIRE B FAPb ek palOflr Wat IcliRl 1o

reached a predeterm ned maxrmum nunber _
frame at tdfe thatr ratet hypbthdsigpot resa prefdrredeembodimentuninedifidd aViterips s

has been reachged, . then the netho roceeds to bl ock, 264 and control
processor g%‘ﬁ’la%g#dﬁg esTpetic ‘f@fg§els€ qciRr &%"q ?ﬁﬂs_éé’i‘i ) rtaFPa?elFﬁ%mF-_r ame
25 canngt PRe deaPdaThty PIBVIdE 1S SElelidr doHl& BB’&QHE?& ibjt Yamamoto métkid 1

control block 262, the maxi mum nunber of attenpts 1o decode the franme
at the cur@ratotahmeetnigd not been reached, then control processor 234

SIS T LN R R PR S R e N
234 increments a count of the number of attempts made at decoding the
frame under the current rate hypothesis. In block 262, control processor 234

20 determines whether the number of attempts at decoding the frame has
reached a predetermined maximum number of attempts for decoding the
frame at the current rate hypothesis. If the maximum number of attempts
has been reached, then the method proceeds to block 264 and control
processor 234 provides a signal to selector 230 indicating that the frame

25 cannot be decoded under the current rate hypothesis.

If in control block 262, the maximum number of attempts to decode
the frame at the current rate had not been reached, then control processor
234 provides a message to modified Viterbi decoder 224. In block 278 in
response to the message from control processor 234, modified Viterbi

30 decoder 224 increments its path count .(i) by one. Then in block 254,
modified Viterbi decoder 224 finds the ith best path through the trellis. The
method proceeds to block 256 and the process repeats as described

previously.



. 30 decoder 224 increnents its path count (i) by one. Then in block 254, .
- nodi fi ed \AVOS8HB36@ccoder 224 finds the ith best path througHPGHUSSSSTI6 s,
The nmet hod proceeds to block 256 and the process repeats as descrlbed
previously. WD 98/ 43360 11
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next rate bgleotsitheirtextyatets bd teéted,r thwyo tise methads pooceeds torblock 252 arfsl
processor 234, frame buf fer 220 provides the frame data, to,synbol conbi ner

222. Cont r $he Rextrateh sigyisytested.s h aesponse. i i, signal  frem gontro

hypot he LRer, I

comnbi nerg Zﬂocesw | nesgs% S%ﬁ%odﬁl?gp tfrilgaf}':%érad%énchw Kb?ﬁe rate

hypot hesi s 229, l@bﬂt@@lt}ﬁd)cessor Zilq)mﬁd@a sigtial indicative of dhi ratethypdthesis eeds
as descri bed above. 1f.in bl ock 27glq all rates_,have bheen tested,

then in bl &@ﬂvezmteﬂete@vmbojwmbmeaez%% mi IRe blagke 2R%ssymbp |<39m1am@ra¥27m| ch

rate in bl SoRnES B bibPlla in BESHAERS, b Y e BYEBIRARE NS Bel oty
to bad qualheymetesdicertinhes tdsloek 252! aidproceedmtﬂémﬁbed%ﬁimt or 230
determ nes the rate based on_the synbol error rate 15 _of the d fferent

decoded® r ames Zhin bmkr?é@v aH rateshapg been tested, then in blogk 224§ r 230

met hods ca o] d I f e
first exenp %ﬁ% ?stpﬁg(&g{/g?{eh%rwh& q:l(}% ?ﬁ% n%gr(féﬁr eqwd(r)ear{ 00
much menor prboid@tmead@ta dotrdsponiding aor tbdt rate ireblovk 276.t IThe seletctorx23p! ary

enbodi nent, a rret hod i s applied which 20 reduces t he amoynt, of nmemgry and
time requi Ay dee ﬁeq;aﬁ aewdwe)ito ad qualityrecasiies. i tae exemmlaie ¢ o

decod | hj f
tﬁg? grg eﬁ%%% : e runm ng thedmtémﬁlg#‘gﬁhg code %ﬁrﬁw

First alerloﬁthediffewmfde‘cbdédilfBarﬂesaﬂdrﬁhecmetrm data valuesesented in 25
FIGS. 6, 7 and 8 FIG 6 shows the I ble stfate transition in. a
constrai nt A niprge xnumbeg| 1of 5 gﬁé%r canh enGFﬂ&lPY 95 PeRiozmy ¢ thes

(S) in a toAdifiSnal pathSeafa of thd e ekmpliiycéiBbiflent. However, many

- of the methods require too much memory for storage. In the preferred

method of the first exemplary embodiment, a method is applied which
20 reduces the amount of memory and time required for the path search. For
example, one method would be to decode all paths within a certain metric
threshold of the best path that are encountered while running modified
Viterbi decoder 224. _
First a brief review of trellis decoding operation is presented in
25 FIGS.6,7 and 8. FIG. 6 shows the possible state transition in a constraint
length k=3 trellis decoder. The number of possible states (S) in a trellis
decoder is given by the equation:

S=2k-1 - (1)
30 |
Thus, in FIG. 6 there are four states so k=3. Referring to FIG. 9, the state of
the encoder can be defined by the values of the bits at points 300 and 310.

There are four such states. When the next bit moves into point 300, the



S=2[err] ' (1) 30 Thus, in FIG 6 there

are four woeses3mo k=3. Referring to FIG 9, the state of pcraisegoeegader
can be defined by the values of the bits at points 300 and 310. There

are four such states. Wen the next bi t12m)ves into point 300, the

WD 98/ 43360

PCT/ US98/ #ahiSat point 300 will move into point 310 and the value of pdint 310/afille at
poi nt SOObvdescagR into point 310 and the value of point 310 will . be
'di scar ded. Associ ated with each state is a state metric which is

I nversel y. rel at : %%Ei. ik iat, : \Zo t he
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ar ent aboye the,initja S in ._In additiopn, there is
o ass%ﬁ i@ thissm;eﬁ'ﬁte Fﬁhﬁbgé% The statg mefrics for each of
pr obabi | i 7 t t
Ctate ar e Spatbs B i parkitiosss hbByd WS ANGIUAS ' FIGTE. I padiiny ™"

(poi nt 29@hexef is hm rasgocidted brand'ntmetritg Whﬁ:herisoxiwrersd arﬂatéd?rtot Rhest at e
of the encodba | N+1 will be 00 (p0| nt 292). reas, if the
initial sPEP ti’ fg%?ﬁtte Mlt&?quoﬁe one,gtate at time Ndoan ef igtate atoder

is 1 then ue of

t he statet{rrrﬂefrl C at {HTAWI S co%&ﬁ%%ﬂﬁ lﬁ%ﬂe ojt g%omt 290 gﬁggr%%rl c of

t Ee i 0 i Bit elitenngathetemadétr:ils aVDttlhehfthelstaﬁh Odlf ﬂiéreﬁdmelei' ra‘:trtm'tblNMlﬁﬂllt 0 g

that state. e br ch results in the | ower state i s selecte

and t he oSﬁ&-Bh(BPEP@%%F )Q@ﬂ"ﬁ'&aﬁlolftw&t nﬁFﬂi state i3)01 (peind 290) nand the nexthe

br anches ' cs of FIG 6
Pust raagr{ﬂ{b &ﬁfe@%}%@h&ﬂekgﬁe%&#y co %@;@bﬂfﬁ‘i tricis

f | rst shown Thenvalaecof t}usstatemtbttlhentﬂim Nailuis afmph&dsbytaddﬁmgmhehl ch

t he select 20 tra e} urred.i s exanple, if

one wants® ?Fﬁ’ﬁt(gsfllhﬁ t ﬁ?é‘ttrt?@efﬁ?'?ﬂlél‘éhéé’ré’ﬂm for &Pﬁwﬁraﬁlﬁl tOR o nt

292) , Iwefomﬂ&aﬁé eThébraabh whitRCrsulisOinS Y foér shied ﬁ\ét?icsls seledtéq al ways

t he case when an encoder of rate 1/n or an encoder based puncturi ng

t he dat a endethe othem branchideadingr to dhat rstate iss slisca@red. paiﬂn FiadZ, the from

ascoci at it direeitbted B pdMAaT IR Rl Pladdtptnity Bt G5 Boe
val ue ilhistratbdr dhahe N+ eirhé,athe n@lly €oipulsd Bfaté naéteicOi fist ishigivitt1

(poi nt 292) \é\ﬁ)u' d have value 16 if "t hat branch were sel ected. A second
path | ead gtqu;' esis and then the value of the state from which the selected

20 transition occurred is shown.

For example, if one wants to compute the state metric for state 00 at
time N+1 (point 292), then there are two paths leading to state 00. Note this
is always the case when an encoder of rate 1/n or an encoder based on
puncturing the data stream of an encoder of rate 1/n is used. One path leads

25 - from state 01 (point 290). The state metric at state 01 (point 290) is 6 and the

associated branch metric for the transition to state 00 (point 292) has value

10. Therefore, the state metric of point state 00 at time N+1 (point 292)

~ would have value 16 if that branch were selected. A second path leads from

state 00 (point 288). The state metric at state 00 (point 288) is 4 and the

30 associated branch metric for the transition to state 00 (point 292) has value 2.

Therefore, the state metric of point state 00 at time N+1 (point 292) would

have value 6 if that branch were selected. So the branch from state 00 (point
288) is selected and the state is assigned state metric 6.



state 00 (point 288). The state netric at state 00 (point 288) is 4 and the

30 associ WORMBI@ANch metric for the transition to state 00 $ROSYS) has
val ue 2. . Therefore, the state netric of point state 00 at time N+1
(point 292) would have value 6 if tHE branch were selected. So the
branch from st at 00 oi nt 88).is. s ect d and he state is,as ned
state metric 6 ‘{)%SWQ% @gfectgd path eh Benid *BalAlise of ol taf
PCT/ US98/ 054 final sta B in the ex la 3embod1ment the& 8.
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The decodero&@:ﬁt&fvoﬁl& hfahrésmee«ﬂmel LY Wﬂ@dhmétmfd wedp:oseimt the best
invention is illustrated in FIG _10. The conblqug Eﬂ 45}915 m t he synbol
conbi nel0( rpaths Hexowgh hertrellised The welactionnef isubopiim Jramamige ags

desi gn and nch netric calculators are well known in
the art. %%ﬁ 8&?&%{)&)8% el enent 354, in accordance with the
branch rretrl cs fThe décodeh 22¢tdfi thee firstubémpl aﬂ{j'Oenﬂmdanmxttes:ftﬂhe abserd Of

the state netrics as d crlde| ref rence to FIGS 1 abov The
new y conpui¥eniion ds 3 Fi& @gnplﬁngqi F‘é@l rré?ﬁ)

d i ndi h h
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358. Wien a e nmetrics ut ed ack menory
el ement 1858design andt hﬁpl:emémalnomf oflin'andaahen'nnta]nhla’iﬁm amahm&l knowa in

s ¥ i s 5 At i
CRC test fg, iﬁl’chtxf\ a*i gnQﬁ'w cﬁf&hﬂi{gp SEhedéfe?thés 'tﬁe Values of
gor | t

det er m ned. ng the best path (i t er bi
al gorit hm the state mejhcs lae desehbed; with rreferance-IMGS 10 nnddl;n @abonet oThee

steps describefl compnodCerald nfiok BBRCkeN bibraR ! bl TRLAC £LRETY 3550 2

20 and an indication of the selected branch is provided to chainback memory
- 358. When all state metrics are computed for the frame, chainback memory
element 358, under the control of chainback control 360, selects the optimal
path through the trellis as described above and outputs the decoded data to a
CRC bit check element (not shown).
25 If the CRC test fails, then a second best path through the trellis is
determined; The algorithm for finding the best path (i.e. Viterbi algorithm)
through the trellis is rerun. However, in addition to the steps described

above, in accordance with an illustrative embodiment, a measure of the

_ distance between the best path through the trellis and the rejected path at
30 each time instant is calculated and stored in A Sorting means 356. The value
of As,p is the value of the difference in the metric value of state (s) if the

rejected path were selected and the metric value of state (s) on the selected
~ path (p)-



di stance between the best path through the trellis and the rejected path at
30 each Womesd3ae ant is calculated and stored in [err] SorrgTEs98Ms06 .356.

The val ue of Asp is the value of the difference in the netric val ue of
state (s) if the rejected path werqgsel ected and the netric val ue of.
state (s) on the selected path (p). WD 98/ 43360
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[err]s,p = State nmetric rejected path - State metric of selected path
Exanpl es of t he ABsp=Siatemelric rejectedipatheBtate metic of selectedypatht h has 5
associated with it a value Dp which is neasured relative to the best path.
The value of Dp is given by the Dp of the better path with which that path
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di vergence. Referri n state tric conputatio pr ocess

was rer un mergbssard tleeid:bfiekdnheoflﬂtermetrﬂ)@ﬁthemhr%ﬁg \ms@fdflndsby D

sorting neans 356 to be err] at point_ 362. From 15 oi nt chai nback
menory 35dharkadue rafdDp @ftthel best pathniih dbe awtput oifithe Vlterlﬁ&iguammhlses t he
second best path and correspondi ng decoded dat a sequence. This is

obt ai ned B Pepl acing the first N+6 data bits in the dat a correspondi ng

to th est pat fe{m&q%{ﬂ{ét a,?ig] oper atsi on i s
truncgtded Wthl[?}Sgt?n n(?%%{s"’fégl ﬁt engt hs o%m‘%‘%e pornt o peast‘f?n}ﬁl' A

di ver gencethe t| $ehere! BlyinfisSfolind)’a @vifibsck 6peRitidn i rin ftovd sRpalihel Nt
| engt hs. |G 12. this occurs at point 364. The value Dlerr] of the

second beshe paththah ledhto-Himat péinit of Blimergenc| eReferring to FIG. 12]¢hé istatet he
third best _path, the, sane_state netric co uta| ess, . f or med
for & thi MEEILPBRGHHIN BOEF WH U AE CEAAN G SR SRy Bthapove
but this tdifferéniteywas fowad by Béokhg heama 856 16 bRADS 9Nt piheBE2.e Ridmhe

15 point 362, chainback memory 358 under the control of chainback controller

360 determines the second best path and corresponding decoded data

sequence. This is obtained by replacing the first N+6 data bits in the data

corresponding to the best path. In a preferred embodiment, the chainback

operation is truncated within a few constraint lengths of the point of path

20 divergence, because rarely are error events longer than a few constraint

lengths. In FIG. 12. this occurs at point 364. The value Dp of the second best
path in FIG. 12 is Dp =D51. |

To find the third best path, the same state metric computation process

is performed for a third time and the Ds,p values are computed as described

25 above but this time they are computed for the path selections relative to the

second best path. These need to be calculated only up to the time instance

before the second best path merges with the best path. In other words the

time instance N+5 in FIGS 12 and 13. Referring to FIG. 13, ACS 354

computes the necessary path difference values to the second path (Dg,2, D12,

30 D22,D32and D42). It should be noted that some of these metrics may have

been calculated previously but must be considered again. The values for

comparison are based not on the distance to the second best path but on the



second best path. These need to be calculated only up to the tine instance
bef ore theWsEsMII6Mest path nmerges with the best path. |n ot RET/USES306 he
time instance N5 in FIGS 12 and 13. Referring to FIG 13, ACS 354

conput es the necessary path difference viBues to the second path (Derr],

Dierr] 30 Dierr], err] and err] It should be noted that sone of

t hese net ridistangg tathe best paslan raﬂmn}ﬁtem yeqpmmdﬁﬁttorl%sorhng

E?Qf;ﬁﬁée?oﬂ?ﬁfé- 'sgérﬁtaéﬁ%ei‘fégé% tg.&@e%%gfﬁsh?%o%ﬁ G BRI B eklfple
PCT/ US98/ 0560get the metric difference for com Fanson for the path designa ted O3 aﬂﬁé
the best path. Thus, for the netric values provided to Dsortrng an

356 nust bevalakafiorvthat patth antsts bepairhptited byhsurneninge ithe D4 S dithe distanee

- to get the netric difference for conparison for the pat h desi gnat ed D4
Dp VAl Uaomythe seconsh pathuwithy D5chthedistange of the isgecond pa&l'g-ztO(&neﬁrst

distance 5 fromthe second, path) with Dierr], the dj stan"e of .the _secqnd

path to thdPathr SACS 354 RreVi gompitedcvaligs too B serting, aneans 886D

bath by 1 AHFHAEeas A56 AR ANdS THE el clodes %t?‘d'?ihbn@é'tr 'stf'ﬁéﬁé'?eﬁﬁ i th
the best arl‘FLe aludifr tﬁég%g]:semergn%mtﬁ thé Best did/sédord bést i ment, D

sorting neans 6 does not the Dp values but only the
| ovest M val ues, Inther fHlustrativierembediment, D somtiftgemeaxfls pb6 does ot sterel albe

j .sear che re ubseque th bes path, aonly the m njmum Mi
val ues ﬂQr tor}bfg‘esﬁp ‘@ﬁues ut OIHY tﬂ?ri%%%eﬁ’ﬂ&@&v@%&ﬁ jcthe maximpmydi ng

process is not.rer W t fi each p ath at her t t

et oo ar SGBRE pERARs dhet P BB PINER' B2kreh SHhPSiyen B Bef

nunmber of Cpamvbmyﬁi@nm&mwﬁmqseﬂues mub€barsesred, of nenory required. It

shoul d be remenbered that the -~ exanples illustrated in FIGS. 11-13 are

greatly sinplif J@dam@ltemehmrgnb@dlmﬁnt the |degeding psocessristnnt rsraumptar y

The code i S Eath 3EpBiARI duek Faulel 18 stayp mbGi8 AR St Ad ffend 101" ©

storage1®f daeh pdtht seatgh.r s redubés sherRiMbEAEsfeéom Futatitms titeinefeases
i nformation, the nmenory needed to store the state netrics for every

state, assUbBengmPunt; oft mememnt rrequiregoyl & shguid cbeprsmasmbered the

ki | obyt d
exenpl ary CoEUIGE filustratsd in FICH, 314 ake %%fﬁﬁpﬂﬁg@f@“ﬁe? ?n€§‘£?.”on
and FI G 15llustratides dn the emmplmynqmb@dﬁirmhahé frfthe lsizesis 288 rwts bé

~ method of
method o tm? rsne\act?grq and the length of the code is nine (k=9) which includes 256

20 states. Thus, assuming storage of the state metrics requires approx1mate1y

one byte of information, the memory needed to store the state metrics for
every state, assuming 5 bit state metrics, would require approximately 74
kilobytes of memory. | |
FIG. 14 illustrates apparatus of the second exemplary embodiment of
25 the deéoding system 56 of the present invention and FIG. 15 provides an
accompanying flowchart 500 illustrating the method of the second
exemplary embodiment of the present invention. In block 550, the frame of
revised soft symbol data from de-interleaver 54 is provided to and stored in
frame buffer 420. |
30 Then, in block 552, the symbols are combined in symbol combiner 422
in accordance with the current rate hypothesis. The combining process takes
advantage of the fact that for rates less than full rate there is redundancy in
the transmitted symbol data and so a better estimate of the transmitted



exenpl ary enbodi nent of t he present. invention. In block 550, the frane of

revi sed swiosmysgpol data fromde-interleaver 54 is provi degcirfsoglos7aé Qr €d
in frame buffer 420. 30 Then, in block 552, the synbols are

conbi ned in synbol conbiner 422 i nggccordance with the current rate .
hypot hesi s. The conbi ni ng process takes advant age of the fact that for
rates | essymbobdatd tan bearrived at by suanmingrthy energy of alleedundant eopidssymbol

data and s b_ettebr esIr'i_lgat.e.of the trangsmtted , WO 98/ 43360
PCT/ US98/ gg ¢ ol. process of generating an :mlprovedlgshmatgy shedat a

can be ar #ﬁgg Verided i : . u HoYoley f that
synbol . %’ e p%ggcggs of gengﬁig??ﬁgqgg%ﬁgér%‘g{élhoéggi ?ﬁ?@“d&f‘% Pate?&nbol

i s descri BgpplicationtSerialiNo.108y126@7Zent i oned copendi ng U. S. Pat ent
Application Serjal No. 08/126,477. 5 he, exenpl ary enfhodi ment first
tests %ne hypo&h@s@@mﬁ&‘?g‘&h@t ﬁrswmt&fi:ﬁnbww 183 Eﬁ'le framae Under
the full : i PEl | .angd s

conbi ni nghga%egexn%ﬁ%gt% @Pp%ﬁrgﬂr{relggr Ithg ﬁ.hl bﬁag%lgﬁﬁjgﬁéﬁlﬁeggaggﬂﬁ%m
synmbol copépetitiord AXists anidsodnd ¢ombirdngi ef symboll databis geefodtiedi24In! n t he
exenpl ary f odi rreﬁﬂt, nmodi fied Vi ei bi 10 decoder 424 is a Viterbi decoder
but one sR Q&S&‘l& ehdaty from| sympp} combinerh422 is pravideds tn modifiedel | i s
decoders gt lﬁ’éc‘oﬁg? i cabl T L.gn . ' ti :

Vi t er bi dggo gi?s 'S ngfv\% i#at ee ar a@%i'g %%ggﬁ?@t'%ﬁ%%%eﬁgﬁrﬁgn of

t he Vilfer Qecotterotds isiasViterhirdéeodet but bae skillechipnihieoa® dvill _agpﬁé&dtéithﬁt u.Ss.

Pat ent Appl,i cation Serial No, 08/ 126,477. |n the present 15 _enbodi nent,
the ViterBthedcfommas ob Arellig| ets e eqialist applicabley| Jfhe design and The

conbi ned g?a{, ine N i.d t Qe ..pr anch
metric cal ctil at gfr\fa%i&f %’gx% éfﬁeggélgi Erspﬁ%r%r’e"*\rt?aﬁ %boﬁﬂbtragﬁlca spemﬁngt ric
~cal cul at oiraplementatiork mfithei Viterbé dedodeAds desogibed ilvethecaforéfifentioned! enent
- 454, in accordanc 1th th rapch.metric¢ Igo) ch.mejrigc 20
cal cul at oFogﬁﬁﬁ“Eggg' n? ‘f‘\@?t&@l’aﬁ%ﬂm éﬂ“ajhg%géé)/eﬁ & cg‘ ge BESENbed
with 15 embddemeat, the Vb deb8ddr 200 ufludESa Mekhoh TR @IIARTA5HBL T i CS

are then stored in state netric menory 452 -and an indication of the

| ~ sel ect ed Bhameambined symbolifrom the symibdl acombinesr $22158 prowidediito theit e

e o SRR colchBi M, T s AR R TR b, U1
L |h? tC L Zlclkngngﬁe cnatlculd&ﬁ'ﬁ rdreewel Havewanth aHé mﬂs Abg Cempresd Sk {ACS) CRC
element 454, in accordance with the branch metrics from branch metric
20 calculator 450, determines the values of the state metrics as described with
reference to FIGS 6 and 7 above. The newly computed state metrics are then
stored in state metric memory:452 and an indiéaﬁon of the selected branch is
* provided to chainback memory 458. When all state metrics are computed
for the frame, chainback memory elemer_lt 458, under the control of
25 chainback control 460, selects the optimal path through the trellis as
described above and outputs the decoded data to a CRC bit check element
432. In block 554, the counter i and value of m are set to 1. The number of
decoder runs is denoted by i and the number of paths whose CRCs are
checked is denoted by m. |
30 Modified Viterbi decoder 424 thereby computes an estimate of the
transmitted information bits and CRC bits in the frame. In block 556, CRC
test subsystem 432 generates a set of redundant bits from the decoded

information bits as was described with reference to CRC generator 6 in FIG.



432. In block 554, the counter i and value of mare set to 1. The nunber of
decoder ruNéO#433éhoted by i and the nunber of paths whose CRCEUSSEDS706

checked is denoted by m 30 Modi fied Viterbi decoder 424 thereby
conputes an estimate of the ~ transmitd®d i nformation bits and CRCblts
in the frane. In block 556, t est subsystem 432 generates a se
redundant bt sCRCortest hé‘ﬂ?ﬁé@@@@d@ comparesathe (CBG ditss Mcﬁ?ﬁbd

e eronce |6 CFE SRIC1H Sfatds b the cotmalh B 689 Mayndant pis from

PCT/ US98/ 05

subsyst em 4mbdified Witerbi dedoder a4 s 'ﬂweéﬁﬂt?@ffthﬂnboﬁﬁﬁrison ishprovided ao bi t
estimates with the estimates of the redundant bits from nodi fi ed

Vi t er bi decmtrolctpmcem,r%un of that conparison is provided to

passed, Bhen t ntiraRngentrol Blogks 558 vl “GRE festois” binsigl shehc 16 wisiRbyl o,

error rate pikidedsab blodk 570.485block 570 1 Q}&!\bbpeﬁ'ﬁﬁ?ﬁed( ER) lcalcl&gtor o128t he
eci s

decoded frame. SER caI cul ator 428 generat es a hard ion estimate of

the recei veqompum symbol rexcett vate for thehdedoded framiesi SERe calcrlator 428om

nodi fied Viterbi dec 24 .. Ther R cal cul at or cejives t
decoded dat & e?ﬁraﬁ‘f’e ?\aﬁﬂéil W?édo%f%sr'ﬁc elve ﬁ%@%&gl‘{ai%fraﬁ?&eﬂﬁ,sodes
the frame UgiéBatddeeioh %@ﬁﬁiﬂt@ﬁ feRAr Addified 'Witerbi delélep A2ROTHh, PSER
encoder 10 to generate a set of re-encoded synbol dat a. The re-encoded

symbol dét acalgulatbnpu%de@;mﬁothaaylequ@datano the franze fromdemchﬁed Yitethi
data and thg nu 94'2 |scr ﬁ/\ﬂ} ﬁrs betvveenééhe two set tﬂ‘?% oI
data is the r epgcg ' eﬂj’rsm B Sppes Ehe '

bl ock 570. forméd enéxderiany géﬁéidié’fﬁrﬁet FUlePéth dlléfdf Qyn'd)%@ data.
provi des thg’as Perd%régdeds}?ynbol data t0 selector 430 onlcy after the (?RC

test has bedhepresencpded symbalhdatadisccampared symbol byesympol festhe harda

o sel ect or SRS PEFYzubet Aafhind' Y pbonen of Hafiepanties H¥REeH the g b’ °

provi ded5t oof gyebioddatd il thed symbol R@tct Rite whichY; idedHor selecbr 230 Ghal
metric. If the CRCtest fails in block 8, then in block 560 the

nodi fi ed blosrh-i?_ﬁ)b. decoder 424 perfornms a second run on the synbol data
decoder 19 said B Bk 'Sy EY; Picipldhe, pOa Ififer 0 ribei s e
decoder in teeoducdesymbel data to selector 430 only after the CRC test has been passed
for that decoding of that rate hypothesis. In a preferred embodiment,
20 modified Viterbi decoder 424 provides metric data to selector 430 to assist in
the rate selection. The metric data provided to selector could be a single bit

Yamamoto metric or a total metric.
If the CRC test fails in block 558, then in block 560 the modified
Viterbi decoder 424 performs a second run on the symbol data 422 for the
25 given rate hypothesis. In this run the modified Viterbi decoder is said to
process the most likely path found by the Viterbi decoder in the previous
run. The ACS block 454 proceeds through the trellis updating the state
metrics 452 according to the calculated branch metrics 450, but in addition to

this standard Viterbi decoding procedure, outputs to a A sorting circuit 456

30 the metrics of all paths merging with the processed path (the best path for
the second run of the decoder) supplied to the ACSs by the output buffer 426.
The chainback control 460 performs a chainback to obtain the data sequence
associated with this path. A chainback will be performed only if the metric



run. The ACS bl ock 454 proceeds through the trellis updating-the state
metrics 490 9438600 ng to the cal cul ated branch netrics 450 pdinisedis7egidi tion

to this standard Viterbi decoding procedure, outputs to-a [err] sorting
circuit 456 30 the netrics of all pathg merging with the processed path.
(the best path for the second run of the decoder) supplied to the ACSs

by the outgfuthe patlerfil® Gome critaria cthaesticidk Cﬁubrﬂiredlﬁﬂdperﬂaﬁmﬂl be
chai nback to o.bt in the ta, seq nce associ at ed W|t this pa A
chai nback %Hl?'mﬁa h? f‘ﬁ'@ﬁ"”d\ﬂ %“s @/M@g n

PCT/ U898/q:'|':l buffer: 18 . of the path
fills sone c?ﬁtg}lfa thrse old. This threshold crlterla wi |l be

expl ai ned i n t Halotkl562whecks thecCRQsIof tlmpathsrfouhds by blockossleand stéreded i n

h ff | ks t f. th th
found b5 bRd b?&@*raﬁgﬁswmbe%llc sken ﬁ'ggfrg%ﬂt ﬂ?&é)%é#%gkef
432. The r e%" %firqn blo&?t!%@ ﬁnﬁ'Bi‘t £20d

e co tro processor er

bl ock 562 t I NCrenen s e nu 0

found m fincrepherstsrtheaumibet bf paths fourid ankfor ﬂuﬁ&ﬁtdhfpmgisglhgbl\tfj&ssgr
434 i ncrenent thennber of runs i perfo the nodifie t er bi
decoder 4% ti@contr PmFeﬁsﬁrééﬁth%l@ﬂngb%oﬁmm%mdw runs

has not yeqj, the control processor 434 checks in
bl ock 582 Ftiﬁﬁglrﬁeeday{et‘éﬁﬁ D(:lta{ja?%at have been al ready found, which the

modi fi 8@l v ter tIlfmie:ontiel blotk 586; the mMumInmtbeemednéh ihas. notr;ﬁﬁtﬂ&eﬁehrgl ng
with it have ,no een at ted to nd) t here are no suc
paths, in ISP'E;&A E% ?IEO’(‘,'EﬁiP qessor,43d Fh‘?f‘a@ EIOFIS 583 if theresarecpaths 430
that no pahh I der.
~ If in contro h%lggcﬁk 3& ﬁere are sté} mélpéﬁﬂgﬁﬁ %ggié doeggﬁerafl%ga&g

- found, vx/mmtt }tdh@rocﬂsséd(acé,\/pathsbnenm delthéhﬂhalvesnubyeybeerpa tot he
decoder pr 0 bl ock 556 to,.chec of t | likely
et e 20" GG Aherepse TraBRtSr 5 tlack 58 e raotr ddinlieates 15”1 e
CRC a1 s the selectsioM80 Hat o phtiadfor this rak &eéls%arlsa

e
nodi fied Viterbi decoder 424 to process e I th best path This 1's done
in bl ock 3Bwoder.described earlier. in control block 582, there

are no paths t t sse the de oder
proceeds to bl ?%@X\%ﬁﬁ%ﬁ{(% ttﬁe{ehgr%«?ﬁ@ P%ﬁmz%‘a M) ¥s for
this rate found; hebich #heuhtbdifieoVitdrbil Hetdd&oa2d Bhs tﬂdtcyet procéfs@d tthe
maxi mum nu er of r ung has, been reached, then the control
ecoder proceeds to block 556 to check if the CRC of the ith most likely path,
20 which has not yet been processed, has a CRC that passes. If the CRC fails in
' control block 558, the controller 434 indicates the modified Viterbi decoder
424 to process the ith best path. This is done in block 560 as described earlier.

If in control block 582, there are no paths that have been found but

not yet processed, the decoder proceeds to block 584 indicating to the selector
25 430 that no paths for this rate hypothesis could be found. If in control block
' 566, the maximum number of runs has been reached, then the control
processor 434 checks in block 568 if a path has been found that passes the
CRC performed by the CRC checker 432. If there is no such path the method
proceeds to block 584. If there is a path that has a CRC that passes, the

30 method proceeds to block 570.
In block 574, control processor 434 determmes whether all possible
* rates have been tested. If not, then the method proceeds to block 576 which
selects the next rate to be tested, then the method proceeds to block 552 and



processor 434 checks in block 568 if- a path has been found that passes the
CRC per f orWPd843360he CRC checker 432. If there is no such pRAFEHEEW6hod
proceeds to block 584. If there is a path that has a CRC that passes, the
30 nethod proceeds to bl ock’570. 19 In block 574, control processor
434 determ pes whet her, al | _possi bl tes have been.te

~ then t he B oRexs FtechEPeidesis,is Wmﬁgﬁespon%eelt%& §t tﬁ'gﬂ | ‘T:?R OE’} o be
* tested, %&5&0@3& FarleWmERES43PpRIAEs HhE Ride data to s?fﬂ)&ﬁé |

PCT/ U898/0 t he next
rate hypot #4220 Comtrokptomsssdrdddeprovides atslgtaiugdmatlﬁrecuﬁtheaate hypothesis

122 Cont r 4p by &8 “éz&iicﬂrén%@%i’e%ﬂiighﬂv ok Sa; sEmbPl Grgmbineg 422

hypot hesg s 4 ol
conbi nef5 4f?ml§'hc%§| sbtgggta%/%%gﬁt’wag a&]t)hﬁaccg@réaanm t%ﬁ?ﬁg%r atta'e(ﬂgﬁ
hypot hesi s Tite firthed peoceeds tommmmd@mcm.‘xmma doveand proceeds

as descri bed above. | i.ln bl ock 574 | 1 ésve een tested,
then in bl ock'SﬂéllébiQf‘é‘tWrmates ave been fested IPF]F( §SF raﬂ‘sqvmch
t he data A I

rate in b},vggk 530 ltttfégg‘g?ggtor %9{6& %gm gaogpﬁe rre ue to
bad qual i t»pmw&& dhta édiesporidihgrto that zafémd‘blmk 586.c|Fiod @eleé&ﬁ: 430.
determ nes the rate based on the sxrrbol error rate of _the different
decodedld r amay deside toerase the frame dugtodad quality measures.cIn the exemplary

11 st 1 at e RRTpiE ARty Afh ABERIG BIPLAL based R BRILARDLL ot bate

t he presentofi theadiffefent ddvodetl foamies aind thelmietri¢ datowhlues. the path sear ch

for one given rate hypothesis. The fo]ll ow ng definitions are ful
facilitate an urdér s¥én’é| ﬁgﬂéiwaﬁé ? ﬁtni' H't iofh the second exemy ﬁa P
- a path i [ r I [ Ehﬁigﬁﬁr gﬁm
sequence; "erhbrhént ﬁrlu@ff ?11 tr%te’g nme r| C ngt htEp relative to t %est

pat h; 15 subo Tptlmal pathiseof ihe ptésens IinVéﬁﬁbndt Thisgy €flgvechart dllustratesponly
- an arra paths of data, whic

: co alns hej
i nf ormatio chyfor anecgivendate E‘YPP g'i?ﬂ %WMO%M‘*
diverging nalephl (A ?a[cilh’)ate an understanding of the present invention:

P - a path in the trellis, here it will be given by its information
20 sequence; |

Y, - a metric of path p relative to the best path;

I, - the smallest diverge point of path p;

F - an array of m paths of data, which contains their

- information sequence (p), their metric (y,) and their smallest

25 diverging point (I,);

A(p) - a vector of Yamamoto metrics of paths merging with the

path p;

A(p) - the ith value of vector A(p);

t - threshold, all paths considered will have a metric of less
30 than t;

q - paths that diverge from another path (p), these paths are

stored in an array N;



A(p) - a vector of Yamanoto netrics. of paths merging with the

path p;  wo 98/43360 [err](p) - the ith value of vectorpcAnios/0s706 -
t - threshold, all paths considered will have a nmetric of |ess 30
than t; q - paths thatpgli verge from another path (p),
t hese paths are stored in an array N, WD 98/ 43360
PCT/ US98/ 05706 . T - a temporary memory of paths; =~ 20 '

T - a tenporary nenory of paths; . C - a nmengory of paths
with a CRC that pass®samamory of paths with a CRCthat passeshandback' - is a

finite length chai nbii;ali.ﬁ;{ @;giﬁ lpsers e ' i I.ng
I nformati on sequence®I's obtal n]é%ﬂ%y lg%afriﬁlltﬁé@%h dﬁ%ﬁ%cr]ﬁ f}Bﬁ“&is ?él%t e
number of out pupolritt SThendiveeging inférmativhiseuehce is obtained bﬂ'cheh :

[
The two_nain par erg, of this inplementation are t, the threshold,
and m Phe nunbﬁgg’g&“%%%? lﬂ‘h@i’ﬂtggl%ﬁﬁﬂhg%msfgﬁd?ﬂ.mw Heter n 10

I's generally sn&i‘}erggéi is of the order of 2 to 4. . For the
decodi ng of a grven®rate the procedure starts in block 610, where the
nmodi fied Viterbi decoder 424 perforns standard Viterbi decoding. The

ACSs 454 update_the state netrics 452 and, output the decision bits to the
chai nback menor ¥hedwo main parameeterniof thissimplementation ane-t, the threshold,

h d F alrray . '
output L heui SR ARk YGRS 0 ACTHRNLRALE B bk THE pAAn| B A1 P

buffer 426. I'S point—s r odrng has en USéd as

will 10 bis gueraily sinall dnd ishefsthesdrder efi 2ito 4.he art. Associated with the
best path are t wo trics: the metric relative to the best path [err],
which is obvi ouEes the decoding gf,@ givens xale the pipceduge plarts: it dlegk 64 ch i s

equal tot IR b ANk 4 4 e of i a .ers will
be cone ap%glre gé\fﬁ{? #{d&g&?c}( III%I ﬁgf’éa&%‘i ﬁ@ﬂ%m n bﬁ%%@?l%g%n{igcﬁaﬁé
processor Thd Aml 54 gpdaﬁdmefsfta&tmpﬁ‘:)dsfmf d eutp%t Mrd?emien?]:iﬂ'srtotm
menory arr .F cated in fthe tp uf fer, 426, Thi ) L LS

repr esent e%vb# Fasmory, 458, < The (B gpechanises A9, Pestorms & chainback t9at h.

In bl ogk 6&4?1& @=co ' i bﬁﬁ) I}ﬁ.r%} ins by 25
t he CRC nechani 2&18432.&%‘% Htgﬁae ggggtélsﬁl t g&pro -egfjl?g%rao%‘eg?;sﬁ bl ock
buffer 426. Up to this point standard Viterbi decoding has been used as will
be appreciated by those skilled in the art. Associated with the best path are

two metrics: the metric relative to the best path y,, which is obviously zero,

‘and the smallest diverge point [, which is equal to the frame length. The

20 significance of these two parameters will be come apparent in the following.

In block 612, control processor 434 identifies the first path and its
parameters in the memory array F located in the output buffer 426. This
path is represented by p. For the first run of the decoder this is the best path.

In block 614, the CRC of the path identified the block 612 is checked by

25 the CRC mechanism 432. If the CRC passes, the procedure proceeds to block
616, and the decoding of the frame has terminated. Although not
specifically shown in Fig. 16, other data concerning the frame may be output
and or calculated, for example the re-encoded SER 428 or the likelihood
metric of the decoded frame.

30 If the CRC check of block 614 fails, the controller 434 of the block 618
reruns the modified decoder 424 to find paths that merge with the path p.
The ACSs 454 perform the state metric calculation and update 452 up to the
point in the trellis /., In addition to the usual add,. compare and select, the



616, and the decoding of the frane has ter'rn' nated. Although not
specifical MOM3M® in Fig. 16, other data concerning the fraPCI/HEIB/05E06

out put . and or calculated, for exanple the re-encoded SER 428 or the
| i kel i hood metric of the decoded frage. 30 If the CRC check of -
bl ock 614 fails, the controller 434 of the bl ock 618 reruns the

modi fied deASdsra54of the mpdified desoder 24 periorm af erea funation. - Thistigdoacss
454 performthe sta tric cal cul n up e 452 up to the poi nt
o Pe 1 r el phibittorihe A soring Chswit 458 e Halis OEhe Yarmamiato metas of et ne
\lé\g-?g/sgg?ggyﬁg\ denoted q, that merges with the path p in the trellis Qtleach %} B4 of

o the [err 1o B oy THE BN GEE G & SR klend Wi e GRS
_ .path degotﬁﬁe% hat rrergeio\[ﬁrrgf Iyte.heVpﬁB? wﬁt&rﬂelst e”{hﬁ?ersa aec\hﬁltvﬁg\p A

Itmjgxrrjetgrl[c err Hrgt] fhe Eh{i'ﬁﬁ’husco@ltg@v%aobye&@hr eshc}ig 1 tke chal n’hack
control 460inxdex pofrpath |painl thed treliis m\khﬁrb theodecision biteat mdefc joist i'emarsedt he

trellis wher the index j is revers The

the chai nbadke eﬁ&ﬁ@%&e&@e&&mc e %qrtcabtrtaée@fwtﬁt Fhfb%ﬂs 0 Brl

i ndi ces tha T her
100w eh 1t ot A hrd Bihtkr {RET] Ioln BRURRW Bafh o (TSR G copBftEr
[err]=j 10, with its netric aglativearto atheNbest pdﬂh andpthe itérge $oint I =j-1, are

Af ter performﬁ& the p rtral chai nbac a d obtai ning new sequences
accordi ng t 8tox the optput r42%¢ procedure continues to bl ock

620. I n bl %@ Mﬁ Sarﬁd‘ %g,?ﬁ

sequences |nn thE ﬂ:tjét%t mffe?zg%ér&%n arr:g/m?yt %q%trlﬁéfjgc%she
f th 618 re loentiemep 40 620,

lu(r;rcgneg in Ec‘:qn_il_'hmg)tm St = i at, P are then, def |e§ed ag th new

Lrray SR " I block B sonelist rtﬁr&rﬂﬁ ?‘a%le Catipn, OF dhe opAtiERGES iR

432 of 3kl bﬁgputb z@thﬁ atxeasﬁl'i' deflbacial is BRERIGE BN Breviods ﬁtfere

defined 20 evi ous I f any of the paths have a t hat

checks, t hen};aﬁttrprobab the newr paﬂaofourrd catedain MNnoTbe 1y n@®st] t
i s obvi ous Ki |l th éa $he1 that t he ocedures performed in
bl ock 622 ¢ ?)%‘Pfoér B then @¢ gFV?’B'Y @ procedures in block

618. It is al so ghipesedii! thehlPitteeds toBIMkesRDWhEre the HRNA3E ofaHGhRO!
be defined as nenory allocated arrays, but
new paths found are checked. These new paths in T were defined
20 previously as array N. If any of the paths have a CRC that checks, the path
and its metric are kept in an array denoted by C. It is obvious to one skilled
in the art that the procedures performed in block 622 can be performed
simultaneously to the procedures in block 618. It is also obvious that arrays
denoted by T, F, N and C need not be defined as memory allocated arrays, but
25 are pointers to sequences stored in the output buffers. These arrays are
defined for clear explanation of the procedure.

If in block 624 the maximum number of decoder runs has been
reached (m=1) or there are no more sequences to be processed that fit the
threshold criteria (F is empty), the control processor 434 proceeds to block

30 628. If in block 628 there are ho Sequences that have a CRC that passed, i.e.,
array C is empty, the control processor 434 ends the decoding process for the

current rate hypothesis and signals the selector 430 that no sequence was
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25 are pointers to sequerices stored in the output buffers. These arrays

are dwioi o8e@3door cl ear expl anation of the procedure. PCT/US98/057bé .i N
bl ock 624 the maxi num nunber of decoder runs has been reached (nme=l) or
there are no nore sequences to be processed that fit the t hreshol d

criteria (Fis enpty), the control processor 434 proceeds to block 30 628.
I f in bl odoufds tThe eoatmlnpromgsmndsd iriayt oatpeat etoCR@ tsebdctgra430ddata. €.

| C th trol 434_ends di f
e © L oreRiing: dhe, Bosveesdollis dethded erathohEps %f “a80 likshihged
sequence W, cof the l%éépggﬁ{flté%glst the elector 430 in i

egontror processor ?3% may Mout put to the

seI ector 430 ddf@ntheomﬁheehandgqheblommm’hleh}pty‘e&mipdocess rbygeaishesi s,
oqd tr| of the best at to assi st the_sel ect or. 430 in
Tts de ﬁerbq & 630 where, fheceprithel BrORSSSR: oA eutpuis $pdhe selector 430 thept v,

Ut put Scf'i’%‘ﬁé‘g@?%‘%t%@%% Bleft et plaeb L CREBSR,  THeTEeiector 436
passes t haniifz@lsmbe kupp*hed itk otloer da’iﬁ concerringdhe aldeoded framede.gi ttheot her

data conc d frape, e.g., the SER 428 and the paths
metric. %298 tg'? SaRelIU  the naxi mum nunber of runs has not been

reached by 10 t E&gd@z %5@ t ed (F
isn't enpty), Pn § e contﬁtﬂF processor ?%fs)ggrﬁgﬁeﬂr%fg?ﬁﬁﬁaénﬁemﬁe pr ocedur e
cont i nl@s the decodbt (mi=1§ and: thece riré rrequencese & ibegpriokessedx(F ismét epty),y

sequence n F). FIG 17 is a,trel | S

di agr am of a?%@s?é??eéﬁ%ésgﬁ?q 7o amd thepre n%&ﬁ'mﬁ tef the
decodi ng feal tih@n fipat h
(the one {Bﬁg%l@??ggtéﬁtﬂ{@é&ﬁb %ﬁg ﬂ‘gdg%tdg}&é}zgkéy g.Zc’mt th transm tted
correct omsejuencelipFrt ed by the thick dashed line. The met hod may be

illustrated b ,ng that . the;.CRC of t h d t k.
in the 1irst rditn B ¥ne Reliialiaeson.phobais: padtiaines By othe Z5HRRT | o
| ess tifn exdmplaFeehblddimeni of dhev easding! ﬂfeﬂl@d cof thd préseat knvehdion.

define informati on sequences. These are paths which |verg§ once fromthe

best pat hInA&dd, thfebpettpathr&he onecthasds aqutpﬂt rW ;hehé[g decoden424,

pat .t o Tekidhe SpnAREER cofEF bnel B Pt o B BtR MaselClAE, ERE 11 ©

thres h](c)I d. mﬁ&mﬂwm bamﬁsteatedj by asstinhing Neat thesCRANGf itheé esppattheloégcoder
's perfore t check. In the first rerun of the decoder, 3 ‘paths are found to have a
20 metric less than the threshold. Their diverge points are i, j, and k, and

define information sequences. These are paths which diverge once from the
best path. Assume the path that diverges at point j has the minimum
metric and its CRC doesn’t check. Looking for paths that diverge from this
path, two paths are found and have a total metric of less than the threshold.
25 These paths are j’ and j”. Now a second rerun of the decoder is Iﬁerformed.
This time, paths are examined that diverge from the path with the
minimum metric out of the set of paths i, k, j’ and j””. Assume that the k
path has the minimum metric and its CRC doesn’t check. Paths that diverge
from k are now sought after. In the diagram, there are three paths with a

30 metric less than the threshold, k’, k” and k™.
Note that the required search time for paths diverging a given path is

not constant as one only needs to run the decoder up to the diverge point.



This time, paths are exam ned that diverge from the path with the

m ni mum neWO 84330 of the set of paths'i, k, j' and j". AssRfel/U${05706c K
path has the minimumnmetric and its CRC doesn't check. Paths that diverge
fromk are now sought after. In the diad23m there are three paths with a-

30 netric |less than the threshold, k', k" and k"', Note.th t he
required sdherdeqode Fﬁﬂ%aﬁ%ﬁsﬂ&? vahoye £xamplee £ap, bs pgmmanﬁgé 't%nﬁ%nt
as one onl n the“decoder up to the di verge point. _ WO
98/ 43360 %ﬁsmgttgbiél . PCT/ US98/ 05706

23 The decode cycles for the above exanple can be summarized in the
foll ow ng table: Table 1 5

Decode Cycles CB Q/cTéhlel Ordinary Viterbi Al gorithm
(VA é)rdi nary VA Ordinary VA + A vector from best Partial CB on i,
j, &Kk pat h Partial CB on j' and "
Parti al

on K., RWUN Fag ath j VA
err] vector r%path k [t should be _pgoted that an

up to k +

addi ti onall Osiheiry ViterBicAlgadban f(Arqch OrndihAry MAwhi ch jrer gi ng pat hs
are checkgqgd. Extra buffers are neede or the i\,/e,rgl;jgg aths. These
buffers cgnOpdiraeys\BA + A vértof ROm best pot Rartiak CB on 14, ejanpl e of FIG
17, in allj 9 paths were found and the g¢ec A ’ 2 TUN 4 (Nn+2)
times. Infll 9 highlypatbbabl e paths ﬂ?%%%@?%ﬁi*gﬁw 4 (n+2) of

them are
advant age
where by t
of 15 tru
exenpl ary

aranteed to be the nost |ikel Warfidl €B on k&’ amdvdti ve

VA wp tei bt veies dremnpathy) fespect to tgehfi rst erfbodi ment

e decoder needs to be rerun|at |east dfce (or twi ge for the case
Vdeupdnd nhvrctos foom) pathrk¢ach extra path found. fIn the second
i oi .t he throchald cri ] tines find

It should be noted that an additional buffers may be needed for each
path for which merging paths are checked. Extra buffers are needed for the
diverging paths. These buffers can be reused if the CRC does not check. In

10 the example of FIG. 17, in all 9 paths were found and the decoder was only
run 4 (n+2) times. In all 9 highly probable paths were found, but only 4
(n+2) of them are guaranteed to be the most likely. This is the innovative
advantage of the second embodiment in respect to the first embodiment
where by the decoder needs to be rerun at least once (or twice for the case of

15 truncated chainback memory) for each extra path found. In the second
exemplary embodiment the threshold criteria allows one to sometimes find
more than one path for each rerun of the decoder and is not limited by
decoder implementations using a truncated chainback.

In the case of a very reliable CRC (many bits) the decoding process can

20 be stopped when the first sequence with a good CRC is found. In the case of
an unreliable CRC, paths will be found as much as time allows (arrival of
the next frame), and all paths with a CRC that passes will be kept and the
decoder will decide on the path, with a good CRC, that has the smallest
metric.

25 The previous description of the preferred embodiments is provided to

. enable any person skilled in the art to-make or use the present invention.



nore than one path for each rerun of the decoder and is not linited by

decoder iwgoesne3gati ons using a truncated chai nback. PCT/USHEI0SIbE .case
of a very reliable CRC (rmany bits) the decodi ng process can 20 be stopped
when the first sequence with a good CRggis found. In the case of an ..

unreliable CRC, paths will ‘be found as nuch as tine allows (arrival of
t he next MMomeﬂlﬁcmmtmtheseaemmentspwﬂidm reatilytapparpnt &od t he

oot il BT Sl b ol BB e BBl e ALY, |

provi ded , ; He
P ovent i Cpplied 18"tHeR éﬂbo&%ﬁ%@&f}ﬂthbﬁf’ m@ bS8 o the InVEKAVE" ftiltty!

PCT/ U898/ Tbues the present invention is not intended to Bel limitéd: ‘ar thes
nodi fi gations ese e nt s, be r rent to , those
ki || el | FDRAEns Shiovh flereBriait e 1o, be acorded fad wiBReY Srtne Consjeteat
applied t g Bse kSRS FeAur f élléﬁ,l nventive faculty.
Thus, the presenP I nvent i onﬁllsénot m%'%n eﬂlg Imted to the 5
enbodi ments shown herein but is to be accorded the w dest scope consi stent
W|th t he %M es and novel features disclosed herein. VE CLAI M
CLAI V5 1. A decodi ng
systemfor use with a nmulti-rate encoded signal, said decoding system
conpri si ng: -




decoder neans for receivi ng a frame of multi-rate encoded data and for
trellis , (WO 43360sai d frarre of data to provide a set of infRETHEIBNSTEN s
and at. |east—one—eheek—bit; clegck neans for receiving said

i nformation b east one check bi t—afe—e* ing a -
validity of sHﬂﬁ @ IjHI ccordance with saildTHif %“BE%S and
said at | east aid vaMi nd—det eRH as upon at

| east one Yamanoto metric, ai d decoder neans further

i ncludes neans for determning a second set of information bits and second
at | east one chetkAbdecodingsysteinifor usetwith a sntltpratenengeded signalssaid
determ ned yalidity of sai decodl ng indicates a failure to properly
decode s&i (deqosling system comprising: A~ decodi ng system for decoding a

Ml ti rate encodierdtigtdflant SPHEINIE a frame of shill FERDEntled el ufd °
provi de & dfopadelissdetodding said deimé of ditatogrovide npsetiuh informationr bitsh;

second rreans for vaI i di % checkl ng check bit's associated with said
i nf or mat i orangd bona bit; third neans responsive to said second

Teane {8 | SSEE i t Bafih dF kb B il ISR bitg il pailt afealCbRE.
threshol d odhekYbivaitid Qoﬂ‘?le'téﬁnﬁﬁﬁ h&}ﬂiﬂﬂ%tdf §did de¢oding iratdecoidameeh

said trellis. A decodi ng net for use with nulti-rate

encoded 8i gwwhssmdanﬁpmmbg:smdmidcmpns@m@chedc bitepadof

decodi ng arrultl-rate. encod d rmation se ce re

trellis to prowW é@ﬁﬂgﬁfe et H{)cgﬁaggtl

t her et h1gudHletermining a second set of information bits and second at least one check
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2. The invention of Claim 1 wherein said means for decoding

RS

2 includes means for determining said suboptimal path.

3. The invention of Claim 2 wherein said means for determining
2 said suboptimal path includes means for identifying suboptimal paths
having metrics within a predetermined threshold of a metric associated

4 with an optimal path through a trellis.

4. The invention of Claim 1 wherein said check means includes
2 means for cyclic redundancy checking (CRC) said check bits with respect to

said information bits.

5. The invention of Claim 1 wherein said metrics are Yamamoto
2 metrics.

6. A decoding system for decodmg a multi-rate encoded signal

2 comprising:

I
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Yamanoto nmetric associated with the optimal path through the trellis when
the deterwonsdssénl i dity of the check bits indicates a failpepussosigPer!y
decode said sequence. z'gh decoding nmethod of claim3,
wherein said step of -validity- checkl ng < cpMpiS SHEETCHAS BEEN ddundancy
checking said check bits wi'th respect to pai d iREPBAGERI on {sequence.

5. "The decod net ‘ho ckaima4, fyrther c LS} ng the step of cyclic
redundancy chec dngﬁ‘i'%g!ﬁé@ﬁﬂ‘ﬁﬂﬁ puf-rate encorig{ org\ Hﬂ‘ﬁ%

met hod pf m/qﬁr WRIRS ?vﬁw C3 ddcE cfated 7.
The decgdlféggé%@s‘} b %I arm li(gp rdgl 8 sal gg%ec %&ér:g%#s | ncI u esar}reans
for deter r@lﬁlﬁﬁ spuﬂal mbﬁgh, pat h. : The decodi ng system of
claim 76 wherei nsai d maan?fpfor (aejtmerm ni ng sai d s;tg)optl maéq atghltsgi:(lhudes
nmeans f6r i dents$dcpndgmeans for eali enbmgheqkwb tasseaargac wi a
predeterman d th{@%ho' Qlle%f émarmto netric associated with an optinal
path thro 1§ ce; 9. The decodi ng system of claiml,

wher ei ngsai d chgfikd 'meRfs | fspofsive™dNsaido secotd 'ﬁeﬁﬁﬁuﬁﬂaMtEW%WQ sai d
check bits with respect to said information bits

decodi ng ssuhoptiroal path thoughhsaidi trellisi including means) éon identifying paths a
Viter biodeﬁa%%rg metrics within a predetermined threshold of a metric associated

with the optimal path through said trelis.

7. The invention of Claim 6 wherein said means for decoding is a
2 Viterbi decoder. ' '

8. The invention of Claim 6 wherein said means for validity
2 checking includes means for cyclic redundancy checking (CRC) said check
bits with respect to said information sequence. |

9. The invention of Claim 6 wherein said third means includes

2 means for selecting one of said paths as a suboptimal path.

10. The invention of Claim 9 further including means for cyclic
2 redundancy checking said suboptimal path.

11. The invention of Claim 6 wherein said metrics are Yamamoto

2 metrics.

12. A decoding method for use with multi-rate encoded signals, said
2 décoding method including the steps of:

decoding a multi-rate encoded information sequence representable
4 by a trellis to provide a decoded sequence associated with an optimal path

Ay

therethrough;
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27 11. The decod| ng systemof claim2, wherein said neans for

val i dity. cYE9843360i ncl udes neans for cyclic redundancy chec BGR{USIB0§706heck
bits with-respect to said infornmation sgruence. 12 The decodi ng
system of claim2, wherein said third neans incl udes mep THIS SHEETEHAS BERN |-
one of sal d pat hs as a suboptimal path. The JdREPHACED syst egm

of cl ai fUGLRRE "Gldilidy PRA1S BitY dakkibfed cqitiois GRSSHnAtiora T

subopti pat h.
sequence, and

8 identifying a suboptimal path through said trellis including the step
of identifying paths haﬁing metrics within a predetermined threshold of a
10 metric associated with the optimal path through the trellis when the
determined validity of the check bits indicates a failure to properly decode

12 said sequence. | |
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