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| NI TI ALI ZATION Field of the Invention 5 The invention relates to wireless
comuni cawpDom®7@yget ens. | n particular, the invention rel CEASOD10463
initialization of a convol utional decoder that has m ssed a portion of a
continuously encoded synbol stream Background of the Invention 10 A

W rel ess communi cation system nay conpri sé multiple renote units and

Wrel 6ss conmun SLENCPRIOEF: RERITRR S TR METRIETIRAL ZAB 10K, S5 and
two base stations 12. In Figure 1, the three renote units are shown as a

nobi |l e tel ephone unit installed in a car 10A, a portable conputer renote
10B, and a fixed location unit 15 10C such as might be found in a wrel ess

| ocal | oop or neter reading system_ Renpte units nmay be any type of
conmmuni cation unit such as, for exﬂ%ﬂ@,ﬂﬁjﬂ%@—“ﬂﬁl d personal conmunication
system ufii ts, port ajHeq, flatidn Wlaks SWiBe@ScomMEli SRR systihd BPATULBH] the OF
fixed location data units such as neter reading equi pnent. Figure 1 shows
a forward | i nkindehtibn anlatdsetobmstéalizhtain of alorvolutivealr denvder thnik theis Iifissauda a
reverse 20 link 16 fromthe renote units 10 to the base stations 12.
Communi cat i on OB R CrOQHB"E%‘S{Yrﬁ“F edis¥mpaksirealat i ons, over the wirel ess
channel , can be acconplished using one of a variety of multiple access
techniques which facilitate a | arge nunber of users in a limted frequency
spectrum These nmultiple accessBadgmningudshd Ingentchp ti me division nmultiple

access (JDMR), 25 frequency division multiple accessl,_lé_‘FDgA), and code
di vi si of? nul ti pl e a“cévgegessf%wy!ca‘m PYTERRS (1Y COMURSE M FRIF TEBRIR Ynd's da
forth in the -I;hl@fiﬁle'%agéqgt%d@ F%@?@%&Qnﬂ?ﬁéstﬂn%ﬂdwﬂﬁéﬂt%f 3l tBrrd Pl wiRAGS

Stati on Conpati ty Standard Dual - Mode W deband Spread Spectrum
Cel | ul ar Syst extfnmunicitibh Ay$tSn9gith aimde ir¢raote pmitg A, (108 hrek 10@ eingd twef baseed t o

here as 1S-95), the contents of ich are 30 incorporated by reference
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PCT/ USO13 104630C2such as might be found in a wireless local loop or meter reading system.

Remote units may be any type of communication unit such as, for example, hand-

held personal communication system units, portable data units such as a personal

data assistant, or fixed location data units such as meter reading equipment. Figure 1

shows a forward link 14 from the base station 12 to the remote units 10 and a reverse
20 link 16 from the remote units 10 to the base stations 12.

Communication between remote units and base stations, over the wireless
channel, can be accomplished using one of a variety of multiple access techniques
which facilitate a large number of users in a limited frequency spectrum. These
multiple access techniques include time division multiple access (TDMA),

25 frequency division multiple access (FDMA), and code division multiple access
(CDMA). An industry standard for CDMA is set forth in the TIA/EIA Interim
Standard entitled “Mobile Station - Base Station Compatibility Standard for Dual-
Mode Wideband Spread Spectrum Cellular System”, TIA/EJA/IS-95, and its
progeny (collectively referred to here as IS-95), the contents of which are

30 incorporated by reference herein in their entirety. Additional information concerning
a CDMA communication system is disclosed in U.S. Patent No. 4,901,307, entitled
SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM



USI NG SATELLI TE OR TERRESTRI AL REPEATERS, (the 307 patent) assigned to
the assignee of the present invention and incorporated in its entirety
her ei n byworogfzience. I n the 307 patent, a nultiple accePETiEohn4ghe is
di scl osed where a large 5 nunber of nobile tel ephone system users, each
having a transceiver, comunicate through base stations using CDVA spread
spectrum conmuni cation signals. The CDVA nodul ation techni ques di scl osed

inthe 307 p f d i zhniyques
used T virel QSTNG SAIRLITEOR LRRERIRIAL I RTRES, ARG DARRER SSIBRITLRS
CDVA permits tiaahé neigRBOf the pedsentnintention ahd ihesrpedteduint itemiréty esein thiyer eby
permtting an increase in systemuser capacity. Additionally, use of CDVA

t echni ques perigfergiicehe special problens of the terrestrial channel to be

overcome by m ti gatliﬁgtﬂ? O&O’} gﬁeﬁd%eﬁlﬁlﬁpﬁf gc%&#s.ste?llgni | 1tsi (B?él&ed whede af lg%e.ng’

whil e al so exploiti he” afvant ages ereo W reless communi ion

system & si gnalmbERYf iMobyleltelsghont dhstéth siserdCéach Havidigapagateios, pahainizatel t
propagat es between base stations and renote units. The nultipath signal
gener at ed by ttheoughdase stetionst ysing 6PMA Spiiad speciging sempwnicgtiens signals.g The

channel 1 s 1 eV dRlEBh AR BBk BEGRET Ptk S Sk iR

through the charpether hdulaBi¥@fathiqués usad ih G ddless EBtinfMidatioh Kphed Buchichsover
a nmultipath channel, the received 20 skﬂgal appears as a stream of pul ses.
Anot her char acFleM4s and¢ FBMAheForgxample, K- 12MAn penmits; the tfrpguencycipegsaim te deough

t he chanpel may cause,a. different ,attenuation factor.. F ex I f an
i deal i [rl]rgul se Il'x“gse?r g‘rﬁl‘? {0 Sb\?heerrebé' H%rp'flﬁlﬁlgp %n é?l%{%%gl 1_,n %Eehm [l)lu‘lggg B8 fty't he
recei ved streagudfionilys &se 06MEDNIAY tdehfiqaedipefifiteihe Spedial pedbla@ngtdl thean
ot her received pul ses. Yet another characteristic of the nultipath channel

is that each perrest2a channslitthbe peerediam b mingayion af ke advgrseresieetnof prdpatibon t he
signal. For exanpl if..an. ideal..inmpulse is transpitted over a nmultipath
channel , each ep%n}%g‘gh%qul ealsroeeé‘g_?%té%nzggflaveagﬁﬁgﬁ {hﬁfﬁ%?efs general ly has a
different phase than pthRless RO/InYSELaABh $9Stem! A il Whaye ket seh@an@istindthe
multipath is created by reflection of the signal from obstacles in the

envi roni®nt suwhpagstiof patheearipipeopapaied betwgen bescesigtionsadnsl remete usws.-pddwl e.
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varying nul ti path channel, WO 01/ 076%)80 PCT/ US01/ 10463
the time spread introduced in a signal that is transmitted through the channel. For
example, if an ideal impulse is transmitted over a multipath channel, the received
20 signal appears as a stream of pulses. Another characteristic of the multipath channel
is that each path through the channel may cause a different attenuation factor. For
example, if an ideal impulse is transmitted over a multipath channel, each pulse of
the received stream of pulses generally has a different signal strength than other
received pulses. Yet another characteristic of the multipath channel is that each path
25 through the channel may cause a different phase on the signal. For example, if an
ideal impulse is transmitted over a multipath channel, each pulse of the received
stream of pulses generally has a different phase than other received pulses.
In the wireless channel, the multipath is created by reflection of the signal
from obstacles in the environment such as, for example, buildings, trees, cars, and
30 people. Accordingly, the wireless channel is generally a time varying multipath

channel due to the relative motion of the structures that create the multipath. For

example, if an ideal impulse is transmitted over the time varying multipath channel,



3 the received stream of pul ses changes in tine delay, attenuation, and
phase as a function of the tinme that the ideal inpulse is transmtted. The
nmul ti pat wohlawzaoseri stics of a channel can affect the sigmral/usevei4eed by
the renote unit and result in, anong other things, fading of the signal.
Fading is the 5 result of the phasing chq{acteristics of the multipath
channel . A fade occurs when nmultipath vectors add destructively, yielding a

ived si t hat i | | i |itude t i ther. individual
vector: For oxre vl wRaR e/ b @ .inie B0, Bhedilen dnh A tiDat 6

channel havi ngrhWRnRFRSH B 8Ha8 tHehBedl impilsPRAndARean attenuation factor of
X dB, atine delay of Swth a phase shift of O radians, and the second 10

pat h has an at t enuakhieomuftipethorhapictexistigs, ofaa thampeldeinaaffest the sigrah receplad oy

shift of O+ 7 radi ans, no signal is received t out put of. the
channel bec austge fpeote ot §P€FF§§PE?"’ 3 Pﬁé’t@ﬁﬁﬂvgsaﬁ‘?gt {E‘Be éﬁgﬁoﬁg@igt‘%ﬂﬁhase,
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performance of a wreless comunication system Typically, nodem

conmmuni cat i on raylsipathsvestes addlidestruativelyp yielding mmgn¢ived sigBalt that st emfldareince
and wirel ess channel noise, Additjonally, codin i ncrease. system
capacity and i‘ﬂ‘ﬂiﬂﬁ\’/‘% @‘é‘(‘, Gﬁhecrypéi‘@‘féf ‘éﬁ"f‘{'; 1%)5 eixf‘l‘?‘B(garf_élai kelis WAl tr "§mftFefist
converted int Ochﬁ)u%f'?'él%lﬁﬂ étﬁ@hﬁmf:pﬁavﬁfrgfﬂwﬁ)' ifts WA T (RS (Qth R%SIn difRuaMone! ess
channel . Conversion or dulation of  the information signal 1nvolves

varyi ng a par dagtbeof Xf dB,aa taerdetay ofed/ withra piase blasti of 6f radiens) arfdothestdomd
signal in such a way that the spectrum 20 of the resulting nodul ated

carrier 19s corffatthlas api atenation acsernfae ABpa Hangidgtay of Aiwith 2 phase skiftefi @, + The
ori gi nal n‘essa%%al?%l Bgsli,&r{r?g is{)rr%&lzi'vg@%tetﬂe fo{lﬁ)@ %{ ﬁw%r allagﬁ'eil %fec&urgg theggv?ofj Ll%ﬁég

carrier receiv opagation o € W reless chan

replication i uall driYplaGdy S\deshpbitelihast] catitel di¢R beer.OThish fadifigdiihyphdven
process enployed by the base station. 25 The field of data conmunications
i s particul ar |aseyerraegaing offeetpnope performance oft wirelpsseghpinicagion gystem.

transm ssion systemwth a limted signal noi se ratio (SNR). . The.use of
crror correct ing of PtnyymoddhBneRinaf bS i i <ol il i feer

tradeoffis to ke iARHRrentO®an@XRitBless cHMAkl abis&SNRAdGikiohdIBN @odmhgt May dh&8asery be
used with a particular wreless channel which maintains the same bit error

rate (BER). 30ysgam edpasity ohd émprayersscurityk nooreraldy, sanc pvigranation gigrial éh disster .
e e ) B BRI Sn G Rt e
sequence W t h @dn8tsfonr MbdulatRMBRY information signal involves varying a parameter of
a carrier wave on the basis of the information signal in such a way that the spectrum
20 of the resulting modulated carrier is confined within the channel bandwidth. At a
remote unit, the original message signal is replicated from a version of the
modulated carrier received following propagation over the wireless channel. Such
replication is generally achieved by using an inverse of the modulation process
employed by the base station.
25 The field of data communications is particularly concerned with optimizing
data throughput of a transmission system with a limited signal to noise ratio (SNR).
The use of error correcting circuitry, such as encoders and decoders, allows system
tradeoffs to be made. For example, smaller SNRs or higher data rates may be used
with a particular wireless channel which maintains the same bit error rate (BER).
30 One class of encoders is known as a convolutional encoder. As is well known
in the art, a convolutional encoder converts a sequence of input data bits to a

codeword based on a convolution of the input sequence with itself or with another



WO 01/ 076080 PCT/US01/10463 4 signal. Convol utional encoding of data
conbined with a convol utional decoder is a well known technique for
provi di ngwermoreo8®r r ecti on codi ng and decodi ng of data. @@/USYPE463
convol utional decoder typically used is a Viterbi decoder. Coding rate,

constraint |length, and generating pol ynom'4al s are used to define 5 a
convol utional decoder. A codi ng rate (k/n) corresponds to the nunber of

di mbol bits, (k). A
const rai nt T oril- (oYt ¢t Me S ERE DElu Geh 4 Bioeiddyidbte aeq i o
convol utional \eAr R tRhini ga& for proAMRY a%drmec@@ﬂ@&dlﬁggn& QEdcRlmt droad.0 an

i nput data sequence by using delay elenents (i.e., shift registers) and
nodul o adder s.Orkappe biéctqrwelrunbﬂrédd@daytygieekheu&esl is 4Viteehy deexdei.nat e at nodul o

adders form ng a desife eneratin m al igure 2 is a blo di agram
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of the two generator functions go an produces an out put “synbol
each input bi teleméntchi.e. csbtfrRgpmnjsandmcmuhnmtkiersat'ﬁapsfbemxf@n thodelayclementder
with three generator functiaons, the_ 20 code rgte is.1/ 3 and code rate of

1/n reqlfres rfn@’etﬁg’f“&?t@rat medrlojagdders formingin Agsited gengspting BOIIOMIglecome one of
t he nost popul ar
pop ?ﬁl fie 23 %wwlag&ﬁ% £ %ru%ﬁa éﬁ@efde%ousl%@ eél@bder 20

constraint length S typica convol ut1 onal

schenmes. The hownkuoithingnalshnegider 22mppéxéatt\tmughposuﬂom§3a thExughQéNl ﬁimal se
Response filter with binary coefficients and length K-1. This fjlte
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t hat has been ftg{r?glhg%& c?tr g%é;%ﬁs %SI 3 %l bftgés}gﬁtc egﬁ%gﬁggﬁgmggﬁeﬁs th ?J%l te
state nme®hi ne foanef by the e¢ledtiondst twdich taps teheina®esit tHeitkedwo-2addance t hat was
transmtted. A K=9 Viterbi decoder can be thought of as a _machine that
hypot hesi zes 30 whiBil @iteiolierengader (2 (ifg inpyt %@§§'P it Ymst eLhe putpEiscfdde

coul d have been,l i Qintelhichere RKTEbEd Sl Shool e, BhERDT ElchYor! HalwbNe

encoder transi®tioned fromeach of 't
generator functions go and g; produces an output symbol for each input bit, which

corresponds to a code rate of 1/2. For an encoder with three generator functions, the
20 code rate is 1/3 and a code rate of 1/n requires n generator functions.

A coding rate of 1/2 has become one of the most popular rates, although
other code rates may be used. A constraint length of nine (K=9) is typical in
convolutional coding schemes. The convolutional encoder can be thought of as a
Finite Impulse Response filter with binary coefficients and length K-1. This filter

25 produces a symbol stream with 2% possible states.

A basic principle of the Viterbi algorithm is to take a convolutionally
encoded data stream that has been transmitted over a noisy wireless channel and use
a finite state machine to efficiently determine the most likely sequence that was
transmitted. A K=9 Viterbi decoder can be thought of as a machine that hypothesizes

30 which of each 256 (2(K'”) possible states the encoder could have been in given the
symbols received. The probability that the encoder transitioned from each of those

states to the next set of 256 possible encoder states is determined. The probabilities



states to the next set of 256 possible encoder states is determ ned. The
probabilities WO 01/076080 PCT/US01/ 10463 5 are represented by quantities
cal | ed nmewpioa®7608i ch are proportional to the negative of pcrhsol/oges it hm of
the probability. The sumof the metrics is therefore equivalent to the

reci procal of the product of the probabilities. Thus, smaller netrics
correspond to higher probability events. There are two types of netrics:

state netrics, sonetines, called path netrics;. and branch metrics. .Th .
State metric iEDRBCSRIET PhauEURSR IR Ea M hicha RdRRTEaeLEER SRALiol s
leads to the Sthéllc%aﬁﬂfnhoﬁ’ﬂﬂh%Fbﬂabili!tyfz_ﬁé%%‘&&%etﬁ'&@isﬁhé’@fﬁk B&livdlént to the
represents the conditional probability that the transition fromone state

to anot her ooeciprosdl afsthemroduct lohthe probghikities. Adus,t enadlenaetacst eoatesyondhte
correct state anhd %i’%}%g.l.t he 10 synbol that was actually received. In a
rate 1/ N encodB#her Ly @veffo possi bl e states |eading to any other state,

each corgespondi ng fi.d fig 106 Gies PR uRls: §atGh&Aril, s8mefRSed é‘alfeﬁ%a{hi Hatcgost
bit of the convolutional encoder shift register. The decoder deci des which

i s the nore | idodlbranchtra¢tachylharstasel thetranmepreserse theqirobahdBy thaehardcerved Aetd
refers to adding each state 15 netric.at the precedin evel to the two
branch netri csor}ofy"?%?és E?agﬂptﬁeg‘ef Yhtet WHE ‘ﬁf“f;gvdgb‘f* eas§90é%gt$.t¥lgﬁ1§_rar@h@gt,n§
refers to comgplefgid R RAlifioRll Srd6AbiRG! hhCihe UihsitiBh frdfioRs st & hitdné
state (node) at the given level. Selecl refers to selecting the |esser of

the two and discemel myuming thathbe staifmgstatomiay atthalynha comectistagnanid giverethe t he

branch wyith the hjghest probability (snmallest netric), is preserved at
each no&, al osﬁfﬁ‘bﬂ,lg‘ﬁt‘f’%\;%%%ﬁéw ate netric. If the tw quantities being

conpared are equal Jn%ileiatlféelr/N%@cFH%F, tHEY ard® o §0sEibleStated RAdihd Fo MyORAG dhdid Yy Of

erroneous selection w be the sane in either case. The Viterbi algorithm
i s a conput at ieackakbryespbiiding enthe metimomhco bf apdat dmgonchim the mgght-mostalit of the

probabilities of the best state_and the nost propabl e hit seguence .
transmtted fr§RYeHEC §§?°@P§S@f{-rleg‘§’le&?g§ gqcﬁg‘gr‘géwefc‘jv %hﬁdﬁ% mqs dikely

probability, aklie 24 an %-&nﬁéﬂé-?ﬁe&%&(ﬁg efition "Ml PR ABMiFE eackGate

resulting decision"bits fromeach of these conputations Is stored as a
single b5t in ractdatd theprecydind levedito-thaawodpencht metricsaof thaverardeoffort the

encodi ng operation, is perforpred in which the C decision bits are ugsed to
sel ect an out pHOWBPle trapplipRs: €omparayefehin FRSBRAINS dhesPainekSuchmelric supg for

oL aches e, gk IR Bk s BT EARESER s ¢ MelRetERCes, o
the two and discarding the other. Thus, only the winning branch, i.e., the branch with
the highest probability (smallest metric), is preserved at each node, along with the

20 node state metric. If the two quantities being compared are equal, either branch may
be selected, for the probability of erroneous selection will be the same in either case.
The Viterbi algorithm is a computationally efficient method of updating the
conditional probabilities of the best state and the most probable bit sequence
transmitted from the possible 2% states. In order to compute this probability, all 2%
25 ! states for each bit must be computed. The resulting decision bits from each of
these computations is stored as a single bit in a path memory.
A chain-back operation, an inverse of the encoding operation, is performed in
which the C decision bits are used to select an output bit, where C is the chainback
distance. After many branches the most probable path will be selected with a high

30 degree of certainty. The path memory depth must be sufficiently long to be governed

by the signal-to-noise ratio and not the length of the chain-back memory.



by the signal-to-noise ratio and not the |l ength of the chain-back nmenory.
WO 01/ 076080 PCT/US01/ 10463 6 Though it is not necessary for anal yzing
ei t her t hwowmodssoshar acteristics or the performance of theceptSomal46ziecoder,
it is useful in understanding both to exhibit the code on a trellis
diagram The term"trellis" is a tern1mhigﬁ describes a tree in which a
branch not only bifurcates into two or nore branches but also in which two

or 5 nore branches .gan rge into one. A trelli.s diagramis an.infinjte
replication of the_ﬁéc’tuﬁﬁt ’gf'ggeﬁﬁs%&oéﬁnag%zé%%ﬁfer Ve Oﬁgﬁh%ra%%?%‘tc%g {hgt one
level in the tgefolhincalo? theashed defddemit RaiseRHm SidEsedig BIUS tPELNBIOHR
| evel by the transition through one branch, corresponding to one input

bit, as deter modednlayrellisediagrameThi tegnatrelliahip adoaewhral dsscribgs e dige & whicbnal
code corresponds tg the | s, al.opg, a path onsj st of. 10. syccessive
br anches) 1 h ChEraPRLNPy S LGTEHEE R PE b SE R PO BB dSp 31
Figure 25is ilhLhygtyraicRes tdn Mb@hifodne. At@Wisediferhinliy'ah ﬁlmrﬁéf@%&@fg@bﬂtﬂeonal

encoder with a code rate of 1/2 and a constraint |ength of 3, shown in
Figure 3, the stasedoin fomah eacuslod dihe madest (states) atame 18] icthe trghlig ag3readtied t aps

GomB10 and g1 e ete SRt Tope e e et BF T At fstaang hhch. "
encoded out pUtcoﬁ%%&hﬁlg@oﬁ@%pgtlt?]it,rﬁ?%ﬁﬁn\éﬁby theF gt e '.sa@déoae\lvbﬂdsof

di agram showi ng t he possi bl e paths of the convol uti onal” encoder
il lustrated i m Epguoleidhal Thde enoesionds 3o abe usyprbolso alpagi o path (¢nmsisting oft at e.

Each possible state is represepnted..in.the trellis diagramby a node 42. In
each st§$e 20 St“ﬁﬁsﬂ&graf‘ﬁ%ﬁpnﬁﬁ?trfc’jlrlff‘glalgf?én‘encoder may be either a zero or a
one and a correspondishigple $aibo@imehY BP MeSerbBerdSNaERL e s MufRfidd BERGLRL DT
function. In Figure 4, input bits 44 at each state are represented on

t heir associ atEgumpat iblustides canyaltuticoaeensgdenotith £A)de fateddfck? @ud asondraintnd
Cl, indicated as 47,_generated from the input. of each bi e .represented
0 the d agr arEah Oha” JRcEr BB dTEHRE A heaonyplySend BlcheBhhastheedhiRb € 335
exanpl e, each §Qt330f TROHBs SRS af BES GRS aHGs @srﬂahessuwnhmgs%ene{ak&enced
from previously input data bits at the encoder. Thus, in typicCa

operati bh, a donstmnatgoohalandomedder The ogipue of dhe gendratao fisctinishbesomepthed

S Ol oo L L Ry SoFD e PR enced by (e preceding i nput
sporadically eigﬁgﬁggt}g 4519 a1l BigglalOHO i AP THE YR BHE fAths W okt CorRBREional
encoder illustrated in Figure 3. The encoder is assumed to begin in the zero state.
Each possible state is represented in the trellis diagram by a node 42. In each state
20 the next input bit into the encoder may be either a zero or a one and a corresponding
set of symbols are generated in each generator function. In Figure 4, input bits 44 at
each state are represented on their associated path. The output code symbols CO,
indicated as 46, and C1, indicated as 47, generated from the input of each bit are
represented in the diagram on the associated path. As illustrated in this simple
25 example, each set of code symbols received at the remote unit is influenced from
previously input data bits at the encoder. Thus, in typical operation, a convolutional
decoder receives a continuous uninterrupted stream of code symbols with each
symbol influenced by the preceding input data.
In a typical CDMA communication system, remote units only sporadically
30 establish bi-directional communication with a base station. For example, a cellular
telephone remains idle for significant periods of time when no call is in process. To

ensure that any message directed to a remote unit is received, the remote unit must



tel ephone remains idle for significant periods of tinme when no call is in
process. To ensure that any nessage directed to a renote unit is received,
t he renotwouwmioteosust WO 01/ 076080 PCT/ US01/ 10463 7 conti ®COASOY1036Ri t or

t he conmuni cati on channel even while it is idle. For exanple, while idle,
the renote unit nonitors the forward |ink £hannel fromthe base station to
detect incomng calls. During such idle periods, the cellular tel ephone
continues to &9 0 sust ai.n the eIe nts n ce [ £.0 moni,L or

e

for signals fr%t IPH%HSQP rﬂgglioré ongﬁumczf\}é)r? Cha venu ot %a}népla’nd

are power ed bywRif id, mer}e}notehﬂﬁttrﬁdsmorme f@xwi@hﬁk cmhacmh tmmyab@@t ely
system ( PCS) handsets are al most excl usi vel y battery-powered. The

consunpti on of deftest ulmoynmsailsr d?gglrigysuplhedl«r pemeds, therpetlulan telephensrerisindescioeases
the battery resources avai renpt e uni

t call, i.s aced
o o v | ROMURE BaRerto PRl bfe SRR S TREGI o For SNl RrDR
in arenpte unpdseistiols IMbfy sdéte e drbSJoRldle! el SRSFOWRRED B Yan lrfténalme

means of reducing renpte unit power consumption in a communication system
i s disclosed |battt:ryS Feraeamplaperson@oonginicginni syseth mwvﬁd%tsﬁ\m almEStHOD

FOR REDUCI NG P T ON RE

* 287 patent), E E‘t &Y H%Wecigé\l @Héé%ﬁ“‘?ﬂ’i%‘&%ﬁfoﬁ?? Sr{e’&
her eby incor pOJrﬁ{t ﬁqcuennd)descie@féase@ he/biRiEleBolVes RARIFN &Fthe lré}nétb @nit Wil a
patent, a technique for reducing power ‘consunption in a renmote unit
operating in i ibglacedrodecgivede. Thereferepitas desimablatio ohinimyzepowerngagymaption
bi -direc¢tional. comuni cation stati on?)%t e&fg%scl osed. In idle,

each refndte un‘i“tareIBQH‘B‘btllBétfqlgwesmt%?‘gpﬁﬁmbéérﬁ%e Curing which it

prepares to and rec@h¥fRarkbfMTBARAICR N Bnif PEWEY Gnbiiiti FOMA Y nedhhiOfion
channel. In the time period between successive active states, the renote

unit enters arsyStemacst disetosesk et &1.S.DBatentgNoh&,3928881 entitteidt A?PAM&U$MDat e,

t he base stati t t ough
¢y send modEIGRE: SR nEREKRINC " BRMTER, ConathpaitNy: R iR
active state. @@WU?UI@Q@@&QQE@ENE{ (t%§7283ﬁf>§é}¥t) aSsi Qo%h@&dsfgﬁebbpﬁf@caﬂ
nmessages which are received by all renote units within the base station
cover agéS ar ea meseat imammgandd‘rmuyshcdrpdx‘atedunl lite eneretit mrumlxysrefmetﬂw nlt the base

station cover area nonitor a channel . . The pa channel is
ol ted nEhadRy B, Airtoh e Fiy rsalE N By s OB RignIA 4 GokoyTE heraiinge

remote unit opgrabd Ndlel fhodk 9iLed FRfRe rﬂ?i'i't' Which is not engaged in bi-directional

communication with a base station) is disclosed. In idle, each remote unit
periodically enters an “active” state during which it prepares to and receives

20 messages on a forward link communication channel. In the time period between
successive active states, the remote unit enters an “inactive” state. During the
remote unit’s inactive state, the base station does not send any messages to that
remote unit, although it may send messages to other remote units in the system that
are in the active state.

25 As disclosed in the ‘287 patent, a base station broadcast messages which are
received by all remote units within the base station coverage area on a “paging
channel.” All idle remote units within the base station coverage area monitor the
paging channel. The paging channel is divided in the time dimension into a
continuous stream of “slots.” Each remote unit operating in slotted mode monitors

30 only specific slots which have been assigned to it as active (assigned) slots. The
paging channel continually transmits convolutional encoded messages in numbered

slots, repeating the slot sequence, such as for example, every 640 slots. When a



30 only specific slots which have been assigned to it as active (assigned)
slots. The paging channel continually transmts convol utional encoded
nmessages WO omond9er ed slots, repeating the slot sequence, PSTAISOHB46Dr
exanpl e, every 640 slots. When a WO 01/ 076080 PCT/ USO1/ 10463 8 renote unit
enters the coverage area of a base statio or if arenote unit is
initially pomered on it conmunicates its presence to a preferred base
station. Typlcal s the.base stati.on

db
o L he st ) noetole iiEentBS HEroEel S B ralify ot 3 B P e i iy

preferred base &ifé‘éd B8R, it BbrAMUnthte it pRiseHcaltb ta¥préterr&® pae R0 2 TlypicARR Ehe
nei ghbori ng base stations, assign a slot, or a plurality of slots, wthin

t heir respect i preferied diang) Stahamnelth;% béser stathem whioht kasuthe tstioogesb piloosignathas base
station uses the slots h trge IF?QI ng channel to transmt control
i nfor mation t oMEAPEIRYENG MO PRl necessary.  The renote unit may al so

nonitor § timng si ’Qlﬁhabreffér%?i‘ Bzﬂ;@ d%tﬁ)fnera[&n‘é \Qﬁﬁea ?I&éllt?rbflékogiabﬁl‘é’al nk&e
renote unit to align, in the tine dinension, base station sl ot

timng. By aligmghtgring basesstations adslglensloumrtacplm‘ahtymfefo&s mvathibthsi redpattiven
slot timng, ther can determ ne when_.a pagi ng chann Iot
sequence begi ngagmﬂnﬁ@nngkﬁgw%rem@nuw%@ BeY9Hg nla}‘?at%ﬁglsmg?%f“%ségﬁélsﬁ
begi ns, which gt gﬁgmgr&lam g rt‘x%ﬂsrﬁﬁ?rconﬂrél fnforRAbA 96 a Feﬁx%tet il if ReEResry of

slots in the repetitive pagi ng channel sequence of 15 slots, and the period
of each slot, Tirerenet®usit umdyt alses mebiter & dindeg sigmahfomhiba pr¢fsnechbssegmrﬁd>nsl ots

occur. neraII the renpte unit |.s in e.in ctive state while the ba
oot onTBee" 2. aivite Ehe GAGHE BHE 1 AiBRo A TS SHRETIa5: L0 [ biae syatioR ol
within the r eni%lﬁ)r%u My alfenifSH tH@ﬁﬁlescﬁﬁxenm tdeth'e'])réf@ﬁed B%ts'ta‘ﬁ%n %Icﬁ‘ttﬁmné he
renote unit does not nonitor timng 20 signals transmtted by the basé

station, nmintte memgesjnmcamdetemgm@swm fapagmg ehamk! slot SEquIEOLthH!S Thus,

Additionally, while i e inactjive state the renote u r enov wer
o o CeRbchs bt e e poBng chptel 1oL ahee bERgs. W IR He LS oo oh

moni tor the w el 633G & elal ARMLLNGE A6 A &le repiliie agﬁpng cﬂﬁrﬁ{ep%qtuﬁ:hd@ df9:

the rempte wunit transits to its active state short riod of time before
t he next5 occurslem,cmd)theapenoﬂ&famh gl d thel wimotadNbein i rablestiot dewgmtine twhen ast | ve
state, the renote upit applies power to circuitry that nonitors the

W rel ess chann@P‘.gn%&%‘isoF ‘renote unit has reacquired the base station,

the remte unit beghfR fifC tleVictbidumit 1€ MR infQHR beaty TRk Sh@BeseCdiEtSist he

transmitting on the paging channel in slots which are not within the remote unit’s

assigned set. While in the inactive state, the remote unit does not monitor timing
20 signals transmitted by the base station, maintaining slot timing using an internal

clock source. Additionally, while in the inactive state the remote unit may remove

power and/or clocks from selected circuitry, such as, for example, circuits which

monitor the wireless channel and the decoder. Using its internal timing, the remote

unit transits to its active state a short period of time before the next occurrence of an
25 assigned slot.

When transiting to the active state, the remote unit applies power to circuitry
that monitors the wireless channel. After the remote unit has reacquired the base
station, the remote unit begins receiving a stream of coded symbols and clocks the
coded symbols into the decoder. The decoder uses the coded symbols to continue

30 building a trellis stored in the decoder. However, because the stream of coded
symbols has been interrupted, the symbol codes being received by the remote unit

have no relationship to the symbols that built the trellis stored within the decoder.



coded synbols into the decoder. The decoder uses the coded synbols to
continue 30 building a trellis stored in the decoder. However, because the
st ream ofwomdewossynbol s has been interrupted, the synbol PCOdSo1/bEMg
received by the renote unit have no relationship to the synbols that built
the trellis stored within the decoder. V[%p1/076080 PCT/ USO1/ 10463 9
Therefore the renDte unit nust receive sufficient code synbols prlor to its

assigned sl ot to r at decod f 0

acconpl i shed. Pbef (I’} uﬂg gfeﬁﬁ‘VSﬁg n? %‘Ledsyl"ﬁ’ ? t?éts ssigned
conti nuously edl&qeeﬂsae«e mt Qrdg@ﬁ&icb&q'ngfof KRNDAB whrd ¢ ¢EmplisHRAAIFOE Bklenplé)
decoder used to decode the |1 S-95 paging channel may need to 5 decode 116
data bits to phopegihg channgl eded 2 1§-D3 195¢cameu¢mﬂy¢r®9ded~nwlthrawneranallmgtlm&ta is
out put fromthe decoder uni,t .e s the ctl e stat

T ecei ve rmiudggon ootk A dectighERRLT a0us RIS hagiesRatneh el o
respond §0 congRp@s1id aita bits tdpiches %n@ﬁhe it QhreGXARBY End H@ﬁrer\%'ﬁﬁt&tdjﬁ't
may be conmanded to activate a "traff channel to 10 establish a

bi - di r ect i onal owtputitomh dwtdecodek.i nk for conductlng subsequent voi ce

communi cation in r on e to an i.nconin i S no nessaﬁe from

the base station, Mt %‘Hﬁréstﬁ? ﬁ‘@}”ﬂ?éat? e‘%rﬂ’taé‘ TEERYC PESSPETRdT AL
active, at t heasagﬂeooshotk B thed ging@ﬁﬂmal 2itd felfont T BSRmdRAS fré@ ke Bike b@tibhe
inactive state. I'n addition, the renbote wunit returns to the inactive state
i medi ately i chu'mpwedletmmm wot gy tbh@obmded_& attvaieon‘traffi€t elfanne, tot her e
i rt f a met hod and a s to crease . the nunber of

th
bod ool o rRBEML S DaReRnily CoRBIBaRTal, nk: o R, sebstakent VEBge

words. 20 Sunm@pym@icd{ds ih RspSHsk edan'; fﬁ%ox'nmged'étl' PhAAGE RS ARSsakdIROM tﬁ@gas@t her
needs by providing a systemand nethod wherein the convergence of a

convol uti onal si#mnderna enmmmquubsuhgnmrremo@m rahainlaetivey aethe icoth of thee

remote unit cong is qg e convol.ution deeFder receivei an i nterrupted
stream of codée® %‘HJoF t the Tegpte, Ypitiet RS iRy teqgadyisiats, I gddiipny the regote

metrics of theuhf ghlhs i &Rl ﬂh&%\mt@ '1ﬂn{ehﬁt«ﬂl)‘f?i°9&ﬁm%&d' ®idd & byt bAse one

aspect of the invention, when the renote unit receives the interrupted
stream o5 codestaiombol s, the pattern of code synbols transmitted just prior
to the code syrrbol,[s received are kg own, The stat raretrlcs of the trellis
are then bi ased herefore, there 1s a nee the art for a method and apparatus to decrease

the number of code symbols required to properly decode an interrupted stream of

code words.

20 Summary of the Invention

The invention addresses these and other needs by providing a system and
method wherein the convergence of a convolutional decoder is improved. In one
aspect of the invention, the remote unit comprising the convolution decoder receives
an interrupted stream of code symbols. Prior to decoding the symbols, the state

25 metrics of the trellis residing within the decoder are initialized.

In one aspect of the invention, when the remote unit receives the interrupted
stream of code symbols, the pattern of code symbols transmitted just prior to the
code symbols received are known. The state metrics of the trellis are then biased
towards states which would have been valid only if the previous code symbols

30 would have been received. The remaining invalid states of the trellis are initialized
with a high state metric. Therefore, during the decoding process, the decoder is

biased toward the valid states.



towards states which would have been valid only if the previous code
synbol s 30 woul d have been received. The renmaining invalid states of the
trellis aweoinrdsal i zed with a high state netric. Theref @ca/usdurisg t he
decodi ng process, the decoder is biased toward the valid states. WO

01/ 076080 PCT/ US01/ 10463 10 In another a?@ect of the invention, the
nmetrics of all states in the trellis residing in the encoder are
initialized to O or ot her constant valu Therefore, there i ot a
bi as towar ds any palmff"&earasgﬁcatog 1 ahyeatiohee RS of aestel Thdat R on
of the Draw ng& glﬁ%wc%er PDInREd e @RSl0 BF YGRE BERP cOstanP GalRE ©TREHefore,

i nvention wll e nme nore apparent fromthe detail ed description set
forth bel ow whheretishatra bias towards ang partipulag stite mhehirdthawiellgs i n which |1 ke
references characters identify correspondingly throughout, and wherein: 10
Figure 1 is a representative diagram show ng a typical nodem w rel ess
comuni cation system Figure 2 a convol uti onal
decoder. §FI gure 3 is a block dlBalgerfg)ﬁﬁQ%#ﬁg)nSie{?g&%%nstrai nt length 3,
convol uti onal encdbedfeatifesFobjacts aﬁdia&lvmtagesldfithe Preagntainvetioni wifl bdceme

possi bl e paths of the conyol utio ncoder illus ted in Figure 3.,
Figure 5 is a PeiSr 8RRt frow meaaFté’r]r? | desintion; 3 { S?ISPYSl‘Weg P'E)n‘\“t he

inactive stat &0, Lh& aglh VReSiAMing ih N&h S'IQE'eféfe?lex%e Ofhafackéti0ide in
a slotted node otn@mm*rﬁlm cati oﬁ systré ‘%0 Flﬁ:gurle 61s a % aEadf?agrarrln f an
enbodi nent of @@neepadmgiynthtoughowgianel wharsina represent ati ve di agram

illustrates a convaolutionally encoded se uence such as uI d be ge erat ed

by the &fhcoder il Jdgwst bds aﬂ@i"’-‘é?ﬂ‘%‘“ﬁ‘ ‘Iﬁgfj‘mé @ving %tm‘ ! | med R YA

illustrating the decoding,Qfmthe received sequence illustrated in Figure
7. 25 Figure 9 15s 'gﬁtrgﬁ 7 Iai agramillustrating one enbodi ment of the

invention. Figure BEigure2 igabloskvdeigean of 4 tersohaionalgletoder.net hod of operation

of one enbodi nent of the invention. 30 Detailed Description p
| nventi on Figure 3 is a block diagram of a rate Y%, constraint length 3, convo utional
encoded.
15 Figure 4 is a trellis diagram showing the possible paths of the convolutional

encoder illustrated in Figure 3.

Figure 5 is a representative diagram illustrating the transition from the
inactive state to the active state at the assigned slot of a remote unit in a slotted mode
communication system.

20 Figure 6 is a block diagram of an embodiment of a remote unit.

Figure 7 is a representative diagram illustrates a convolutionally encoded
sequence such as would be generated by the encoder illustrated in Figure 3.

Figure 8 is a trellis diagram illustrating the decoding of the received sequence
illustrated in Figure 7.

25 Figure 9 is a trellis diagram illustrating one embodiment of the invention.

Figure 10 is a flow chart illustrating the method of operation of one

embodiment of the invention.

30 Detailed Description of the Invention

Figure 5 is a representative diagram illustrating the transition from the

inactive state to the active state at the assigned slot of a remote unit in a slotted mode



Figure 5 is a representative diagramillustrating the transition fromthe
inactive state to the active state at the assigned slot of a renpte unit in
a sl ottedwowde7és® 01/ 076080 PCT/ US01/10463 11 conmuni cat iPem/tSysi@EA3  An
upper potion 51 represents a continual sequence of slots which flowin
time fromleft to right. The | ower portiog 52 represents events occurring
during a transition between active and in 1(:tive states of a renbte unit in

a slotted node conmuni cation stemi n. V\ISlCh slot 5 (Iﬂﬁ an assi neﬂ s] ot .
The time 5 scSOETFUHCARE SFYTRr ABGHPPLRPlple IHERR s AR AG LS Do
transition canylgn WM kithe fBRElBCiAHhL. | ThBAblvEE BbAfon $18edr@WRE d¥ehisi ON
53 of Figure 5 shows the transition froman inactive state 50 to an active

state 52. |n tdeeursingidusng b ditansiGEn betveen actyeand mdctive siiates 10§ a rethete lpagan a
station signal during ,at |east a portion of slot 5 Priar to the start of
Slot 5, 10°t nSIERTTEE fAMMERCHE SOt Yhih ik i vl astigeed 9ef ¢ B e
active siate 32, *?&gmglwer a;b&mars'beéh éﬁﬁh&ecﬁé’o thABthd 8RR Lili B CarPROMBwnl i the

i nactive state 50, selected circuitry I the renote unit I's unpowered,
reduci ng powermarenistaiipt i on and extendi ng battery life of the renote unit.
For exanpl e, power nmay be the inactive

re ed fromt ceiver., durin
state 50. 15 Duri ndntmgwp}a&rfg?\[f%ﬂ m%g]?&f Lﬁws‘e? shaws %%ﬁ%ﬁn_tfmﬁe
sel ected circyjfshYe fate %_aﬁgemeestat@ 55 TFRE 28RS 52, the FdMotd BREMBRTtolsS

unpowered, power is reapplied in the transition state 54. The duration of
t he transiti onhsbaeatdién isignsldiring 2 itast D paitioowf sloe 5. Mrivote therstart efoslgtower on

circuits and initialize functions so.that the note unjt I s ncti.onal ,
allowinfPit tdhe @6’%‘?‘%‘“%@“&‘&@8@ §dRALH Ve Stalg g&ﬁ‘é thengrtiye Sf%%ﬁ ;‘J}gﬁgglt fon

20 state 54. ggahkia%@atéﬂe AL a8s1ibdPibovt ahehO hacti VEst4tE 30! &lé&f?:idtcg%ﬂitt@riﬁ the

active state e active state 52 is nade up of two parts:

prepar ati on pahé exndié uvainds anpasaedneducisg powgreconsumpBon Bod extgndihg battery

preparation period 56, an ini,tig‘lér search is perforned for, _rea quiri,ng t he
e

pil ot signal ot ohdhg rneie ay- b e’saﬁfaﬁ?,d?%% pnbe remoyedh BPm BRiTECGIET 25

prepared to L : i ¢hannel during the assigned slot period 58.
The assi gnengsﬁFgghbéelp?%ﬁ@g Fégsegi ns at the beginning of slot 5. During the

assi gnets sl ot peri ddurkg, the lansigorsteteid, powercnirvagplioe sc tgesleoted icireuitngadi ng
channel fromthe preferred base station. Nonminally, at the, corrpl_%tii_ on of
slot 5, the dB%TegieuailoForssample, Haheieaeiyerds JBRGWRICS PAIMET 557CANPIRT HEE and

the remote unif,nrion state 54. The duration of the transition state 54 is sufficient to allow the
remote unit to power on circuits and initialize functions so that the remote unit is
functional, allowing it to receive and decode codewords at the end of the transition
20 state 54.

Following the transition state 54, the remote unit enters the active state 52.
The active state 52 is made up of two parts: a preparation period 56 and an assigned
slot period 58. During the preparation period 56, an initial search is performed for
reacquiring the pilot signal of the preferred base station so that the remote unit is
25 prepared to monitor the paging channel during the assigned slot period 58. The

assigned slot period 58 begins at the beginning of slot 5.
During the assigned slot period 58, the remote unit receives messages on the
paging channel from the preferred base station. Nominally, at the completion of slot
5, the assigned slot period 58 and the active state 52 terminate and the remote unit
30 enters the inactive state 50. In order to further reduce the power consumption of the
remote unit, the base station may command the remote unit to enter the inactive state

50 before the completion of slot 5. Alternatively, if the base station cannot complete



30 enters the inactive state 50. In order to further reduce the power
consunption of the renpote unit, the base station may command the renote
unit to ewDen/otdeso i nactive state 50 before the conpl eti oRCHIUSS1/01465.
Alternatively, if the base station cannot conplete WO 01/076080

PCT/ USO01/ 10463 12 the transfer of rressag?? during slot 5, the base station
may conmand the renbte unit to remain in"The assigned slot period 58 after

the conpletion,of t Subse nt t he base statign co S
omote it ghEHERTCRasiasRt Ay s Dechste S RS Frtng PR GRGEARS 1"
recei ving trangmMehfagf iflaha d4RgRedeBlot fefigdt 58 aftBAGhd CBmblclibB ofStheOslot. 5
interrupting the continuously convolutionally encoded synbol stream F| gure

6 is a block diubgequentdyohm h@eatq@ontcpmamnﬂs therremoteeunihia engex, thainactive staer 61

Gown. conver s o Fre o Rt Tane Ftammken deBrash SReuedie HEESs i ng
in a CDyA envsdlﬂfe%?{m aa%cvsﬁ[llr{uowy%mutﬂﬁmg%@hb@glyﬁﬁm@&ems The

receiver 61 10 provides a series Oof digital values at its output.
According to wel | - Kfigum Giis el ldeck Hiagkanpisbowingl & pogisnhofas rerse)@Sl,lmbéﬂorA dat a

is transmtted over the wireless ljnk,. it is. divided jnto a s ri es
b} ook The. b BEAer 6l Bosiues WEr e 1k Sightlss R Frarer HoPRveieR Ton reriiog

non-time sequ HicEJwrﬁ&n%@fb%rBfttﬁ@@lrefwﬁme warnala%sprbvlalss dé;me%dlmgt,md of

transmtting bloc is referred to as 15 1 nterl eaving, and the procCess of
reordering theChMk Iesvmmmc&ft,easr wdllta:s atberddé¢meodadtimaviungtionsA The¢ meceiveeHler 62

perform; the deinterl eavin a !’P@ The deinterl eaver 62 receives
sanpl es19rom tMevideLieriss obdi S AN HRY- o series of blocks data. Wen

an entire set of b'&s&s&hﬁg&, Qa@@nws%fe@as hhia%r&sw; %ﬁ&}?ﬁé’?&f 95Dk dd@I S
the blocks in time-sequential order and outputs themto a decoder 63. 20

I n one enbodi nientinsnikted desrabeewirbléss knlka itde dirddadt inmraseride ob tkecks. Gitee blocksnon
formof convolutio ecoders.is the Virterbi, decade ssed

Above. 8 Vi 1 TCRTRIEIEY OB SIRNCRABF DI dh A e sauis O R A o
data. Wen t%ef’%ﬁ@%?el&#f i CANL ah&tfod Wi ﬂrﬂsﬁﬁﬁlngaﬁlackst e rdeléd 11§ Kassed
to a nessage parser he nmessage parser 64 perforns such functions as

col l ecti®dn of 1btetlsavmg,tahétm@mmsagmprcbnnpﬂtel bigckamjre\fmﬂdftylangemteyleayng| c
redundancy code her_error chec de, tr s of %62

CRC
message i nto ah 46#%31%315 gérﬂﬁomﬁdb?ldﬁﬁ‘tqrﬁ Er Ay %tﬁ &Veh
buf fer, and pl 8§%n§anﬁjlest R6m! f h]@né&ﬁ%}ﬂe@l qﬁ&%&ﬁn@%ﬁ g %eec'é?feblgags adig

pr oper protoco t ask ener a e processes o 63 an
When an entire set of blocks has been received, the deinterleaver 62 reorders the

blocks in time-sequential order and outputs them to a decoder 63.

20 In one embodiment, the decoder 63 is a convolutional decoder. One
common form of convolutional decoders is the Virterbi decoder. As discussed
above, a Virterbi decoder creates soft decision data based upon groups of data.
When the decoder buffer contains sufficient data, the data is passed to a message
parser 64. The message parser 64 performs such functions as collection of bits in the

25 message, computing and verifying any cyclic redundancy code (CRC) or other error
checking code, translation of the message into an internal format, copying the
transformed message into a buffer, and placement of the transformed message onto a
queue for the proper protocol task. In general, the processes of the decoder 63 and
the message parser 64 are controlled by a controller 65. The controller can be

30 configured upon entering the active state to bias the encoder toward specific states,

or to have no bias toward any state.



t he nessage parser 64 are controlled by a controller 65. The controller can
be 30 configured upon entering the active state to bias the encoder toward
speci fi c wDati@34080 or to have no bias toward any state. WOPCT/IGFO6DRO3

PCT/ USO01/ 10463 13 In one enbodi nent, the decoder 63 may be inplenented on
an ASIC. In other enbodinents the decodeﬁ 63 may be a Field Programuabl e
Gate Array (FPGA), discrete logic, a mc %processor, or other control

circuitry. In another enbodinent, both the decoder 63 and contr er._ 65
can be fabricated qlﬁeer%’oﬂ%@“?)“%@e(é)ec?#réh@ﬁy gﬁﬂB’(ﬂ‘ ReRted on H%Aoglb' In
configurati on get g:ﬁFMﬁq@M\@rﬁe' dcbiG 6ETRA bk tFiel@OPrlE}'gx}én%b‘Pé)g}a'iéﬂA

t hrough firnmnare, ow ng field upgrade a renote It by ownl oadi ng
new firmiare. (FRGgondisatete bypér,at mocropfoctdser, renmher conttol @rcuisryc oht awdthed by
configuration of the har gware and ggftware qeilxec ted on the controller 65.

The hardware PEPAdFRENgBRtAINDACIRLGT B aBd camrqllen8q gy bei tRbrigRed ons et spiee,
hardwi rinag of gd&gcret el "?%m td WAk .

di scusseg abov%?ﬁféoﬁlv%mtl oléla gﬁcgz’otg?%% %tﬁ)g' ‘?f{nlg‘&? Ergata g’?tﬂfgﬁeem asuént
station resul t& inay béeortesd ked ikduglo diemsyire) allswingi fiedd upgrade of & cenfiyte pniz\tiyous
bits in the data stream A consequence of convol utional encodi ng when the
recei ved code dopaleadingievstimaWaithas been interrupted i s di scussed bel ow.

Figure 7 exenplifi i i qu?j] ce,
such as woul d be gg[ﬁ@r% g%@hgaﬁﬁﬁﬁgkhgorg@ él Wﬁg?isg%dgggﬁlﬁd E?Sur éﬁﬁ’gﬁre 7
il lustrates inpethddwvare?ind | softwirs exceutpd eon ithe i coradlensad. t h@he t headware

convol utional encoder begins in jts "00" state prior to receiving input
data 7110 As i rfonfiguratien mayobe established by Srayaes, sofiwareaherdwirag dedisgre 72

i s generated béév?c@ﬁoﬁ%%?ﬁfb%aﬁ%ﬁ%?ﬁ%abB%e convol utional encoder of Figure 3

is arate 1/2, eac e Intormati on sequence entered into the
encoder generates tA®©dByuRed abodecotimldtitthaléndddargsof the mpat data at the base
respectively. The sequence of code synbols is transmtted over the wrel ess
channel wher e Statioadpsubis i gerrgerivrs ende symbels bsimerinldngnged by preyioys Prpin theyni t
60 a receiver |V S{A g2, e .

effect of the %}arét?ééagﬁs ﬁghﬁ%ﬁﬁ%ﬁgt%leéot%rgglﬁgﬁ‘ﬁfféégg%éé%hﬁge&ggg%ﬁ&ggséﬁr
exanpl e150i se synfbof @fbiatthas bbeh inGtRipwedds dscuseetielow. code synmbol s may be

; gg ;ie\s,ggt ed by T ecel-l"'i\gfuerg:i 7%?(21%%1?335 Z ?im%fle ga?rijprlee of7 a C(Lnr:/o}urgiloialee)l(lgo eldes’eq&eglge,
such as would be generated by the encoder illustrated in Figure 3. Figure 7
illustrates input data 71. In this example, it is assumed that the convolutional
encoder begins in its “00” state prior to receiving input data 71. As input data 71

20 enters the encoder, a transmitted sequence 72 is generated by the encoder. Because
the convolutional encoder of Figure 3 is a rate 1/2, each bit in the information
sequence entered into the encoder generates two symbol codes Cy and C, items 73
and 74, respectively. The sequence of code symbols is transmitted over the wireless
channel where it can be corrupted by noise and fading.

25 In a remote unit 60 a receiver 61 receives the transmitted sequence 72.
Because of the effect of the wireless channel on the transmitted sequence, such as for
examplé noise and fading, the received sequence of code symbols may be
represented by received sequence 75 of Figure 7. In this example, the received
signal is quite corrupted. Three of the received symbols 76, 77 and 78 have different

30 polarity than the corresponding transmitted symbols. In addition, there is one

erasure 79, when no data was received.



signal is quite corrupted. Three of the received synbols 76, 77 and 78 have
different 30 polarity than the corresponding transmtted synbols. In

addi ti on,wWDlet0#086 one erasure 79, when no data was receiP¢@&dISOND463/ 076080
PCT/ US01/ 10463 14 The received sequence 75 is sanpled in the renote unit
receiver 61. For exanple, the receiver 6}4nay integrate the energy
received during a code synbol period. In one enbodi nent, the magnitude of
the energy received_.durin he code,. synbol. _peri.od can be converted to a
vol tage level scale %@E%g% Sepeney 15,1 vmpé‘?dof%hﬁ IO B0 ApicE e ?fs‘tl%o&ng
1" will ber ed%'éﬁr?ﬁ:'?ttl%d_re}éh’iv@r 6l hiagriaRkravathécedeldnredeiVeR uridg a code BRHbAl Ve
sign corresponds to a binary "1" and a negative sign corresponds to a

bi nary "0." Tieriedgdn toneembbdinient,\ibé mageitudevaf] the snergyreeesived dufing dinef ¢atlence

that the received symbol i.s the s as..the transmtted syghol., For

exanpl 6. a ot RSHObPTIRL AN oAl ep B EEN gy b ER AT e & 0 Bn a
l'arge nmagni t udgisWhibinBled a\@RMg BINAIY bd Reprdsentddl by altBMEreA: RS thhi @ wdal™12nd a
smal | magni tude. As an exanp?e, the first binary "I" in input data 71
enters the encAhgesitiae signecdrsspongs 40 iaopinary ‘dF cdd cedegahive siganeomiespondequence
of code synbols 73, .74,.The cod ynbol s re.transmtted t ugh th

wirel ess chandtary The  dBei&2gh : @ftagygltarg\gﬁg‘f%é%ag{eafqggoggwg‘icgn%n}h@t &fth a
confidence | eviglei@d sibol R tRSsaldl d4he @hRehitida dynfioh. BE ARfhpID a strERPEIRAMy Vel Y.
These 15 confidence levels of the received synbol are used by the decoder
in the renote ‘Wiiwill beoepredeeted b/ ta ndgdi veistgmsangia. large pragditede whide awsak bindry| vy

path through the trellis). .Figure 8 is trellis diagramthat, illustrates
Phe deching oflotib e & Posite Sermiha Smdbapripict, AGH el oot fiSugh
the trellis hag»Beeh iRl 71fdneds R eR888 at Me BasBlsAMBh it® ProdubedMile! trA8mit

understood that the 'principles explained herein are not 20 limted to such
a si npl e exanpequenne ofitede sypylols 1H 7HorEhecandp Isgmbdle ovate transmitied thretigh thes.

When the renmote ynit is initjally powered on the val ues of the stat.
Tetrics in t HETRSerANEloc BB CoR BTRP[S, BeRoreRFvEd 1 (P Moot b At 4 ue.
For exanpl e, i®nfililfNeved dfhS, LNk iiflstratedltsy &hd 8O aha! 165 FepBitively2t §hes@0,
10, 01 and 11 are 0O, 123, 4, and 511 respéctively. After a block of code

synbol sihas beenfideceilerets afribe reseived spmba dir@setdyt the deadedar the mahote aigit or

confidence |levels, for each of the possible states are calcylated through
the trellis. FB8/MaKEAALHMHECISIpRS {‘-ﬁepréﬂ‘ﬁb‘g‘éfnoéb]&f P?tﬁ tl?f"éﬁlb&ﬁércﬂ{sil evel 0 and

after a data bit isg vt ' : . (ate
00 at level 1. U ! FieGbOPled ol atafan® MR RlstaRS BBRUGIing HFRhE Todelled

sequence 75 illustrated in Figure 7. Though the trellis has been simplified for ease
of explanation, it will be understood that the principles explained herein are not

20 limited to such a simple example and also apply to more complex decoders and
trellises. When the remote unit is initially powered on the values of the state metrics
in the Viterbi decoder initialize to an arbitrary, random, value. For example, in
figure 8 the initial state metric values for states 00, 10, 01 and 11 are O, 123, 4, and
511 respectively. After a block of code symbols has been received and is presented

25 to the decoder, metrics, or confidence levels, for each of the possible states are
calculated through the trellis.

For example, if the encoder begins in state 00 at level O and after a data bit is
clocked into the encoder the encoder remains in state 00 at level 1, the data bit must
have been a binary “0” producing code symbols binary 00. In the example illustrated

30 in Figure 8, the received symbol codes were +3 representing a binary “1” and -2
representing a binary “0”. The path metric is calculated by adding the magnitudes of

a confidence level that is of the opposite polarity of the required code symbols.



have been a binary "0" producing code synbols binary 00. In the exanple
illustrated 30 in Figure 8, the received synbol codes were +3 representing
a binary wd'oianase 2 representing a binary "0". The path meTriso1/i®63
cal cul ated by adding the nagnitudes of a confidence |level that is of the
opposite polarity of the required code sypgbols. WO 01/076080 PCT/US01/ 10463
15 Thus, in Figure 8, the path netric for ‘the transition fromthe initial

00 state t 0 t at 1 | 3. Agai I, to Fi 4,
00 State 10 & 10 AL, heleh AuSPUL e Pl BorehShplglSup U & °
initially at s&ate fElep0dqRaPBNaAYail réfatRgRbFiflad 4, ReeLLral Rtk &Firdabd @ dohe

encoder. The encoder mnulg have produced Code synbols 5 binary 11. |If code
synbol s bi nar ystdtd ahledeldeacutsrifitherentaded s inttmllyet state 0l and tatiisary O davadfit hedlul d

espect i ve. br aifeh clsked cudyBe Ener aitde saerdes e Prbeacrods o For
the exagple lﬁihﬁgf 1{if)<ri=fj 52&4,%“9‘555‘;@ bfhary 1€ lﬁxﬁa&e%n Rkl the¥RlriclfdrOhisSt at e

00 is either (O ecause a |l ower netric value corresponds to
a hi gher probalrahdht woatl Heed. nghd thetriveofc® 00 stte mait] lois calculeedpiay dddihgthe

produces the | onest tric survives. Thus, in Figyre 8, only the_path from
State 00 at | &FEIECHVE Branehetges i teotiale ey frpobe pressdine figter eEBfon ng
state nmetric g Tl Nty i i i\ng
The. enti e bl ae Bl B B e L B B P kY P e
trellis is congl(ét).t Becalscobhaver petdiovalee corfespands tbadkgher prohabihity dffbeingl 5

path with the |owest state petric value. The decoder uses the code synbols
along #He " cHAP KoBectPeath; e the Bt thaf REpdERSt tﬂF ﬁ%w RGHA SHViHeEd ﬁwad@nce.

In Figure 8, tf ure%%ﬁgﬁtge ﬁgﬂqﬁﬂggta@w RYe W gho%ta?é 86 G 1B ﬁuﬁnef\g@ﬁ}% the

hi ghest probabiFity o I transmtted sequence. ai ni ng

t hrough t he t reariesgondingchtiate snetiéc oft® dThis tppatess copnihodssundi® theordllesepredentmgt o
decoded bits 89. The decoded bits 89 are an accurate 20 representation of
the transnitt &8 BRETE blgekioh data pmsswitwthaéeepﬂ.er has beep,puiliy anpl e, after

reachi ng | evel 9 the, L.HDLEINT Lorhle®d & SReBhb 8echdih BadiPaGEdNS Rt at e,
8 ol S. uni

t he encoder woul d stop receiving code sy en the renote
reenterg5its aguith wethshalevesnetateegetis vdkeodlegdecedsi uses theasbde symbelk ajonighe
new code synbols have ng relationship to the path currently existing in
the decoder 25heeehpifsackt t9 determiag theamest likplydragemitied seaHease. nlp figye 858\%0I s

o oo e MR B AL B B A7
the transmitted sequence. Chaining back through the trellis produces decoded output
symbols 88 corresponding to decoded bits 89. The decoded bits 89 are an accurate

20 representation of the transmitted bits shown in Figure 7 as 71.

If, for example, after reaching level 9 the remote unit is commanded to enter
its inactive state, the encoder would stop receiving code symbols. When the remote
unit reenters its active state and begins decoding received code symbols, the new
code symbols have no relationship to the path currently existing in the decoder

25 because of the passage of time during which no code symbols were received.
However, the state metrics still exist in the encoder therefore biasing the decoding
chainback process.

In Figure 9, the same trellis as illustrated in Figure 8 has been built from
previous data. At level 9 the remote unit entered its inactive state. Upon reentering

30 the active state, the metrics currently in the decoder are initialized. For example, the

metrics corresponding to state 00 and 10 may be set to 0. The remaining metrics, to

states 01 and 11 may be set to 511, or some other value corresponding to a



In Figure 9, the sane trellis as illustrated in Figure 8 has been built
from previous data. At level 9 the renpbte unit entered its inactive state.
Upon reemverniogeos®@0 t he active state, the netrics currentPgTiusot/m&6slecoder
are initialized. For exanple, the netri cs corresponding to state 00 and 10
may be set to 0. The renmaining netrics, 9 states 01 and 11 may be set to
511, or sone other val ue correspondl ng to % WO 01/ 076080 PCT/ USO1/ 10463 16
maxi mum metric value. In.t nmetrics are bi,ased

toward st at es"BEMIRGMEGic ﬁihéf’srﬁ' th{%@a'f'reé’l tthre 184 it%te r?e‘it‘?f%gre\msf' fowaH

paths which pagsged vy £149iv. Elk's%%“théttﬂl%%ta@élﬁieﬁﬂzsmﬁ f&)&?b&h?%i&h&i’a@&tﬁﬁi"ﬂgh' n
anot her enbodi nent, such as exanpl e, one based on I S-9

convol uti onal tbmed@sdnmngtlmahalmsliaphprdcedsength of 9 and rate 1/2 is used to

encode the data. This produces a trellis that contains 256 oss
states. In a syst e b3OREr ofMbqdenenl, éucfrfast B RIeri ﬂgeghﬂ "épﬁag ié channel

message £oi nc'&ﬁﬁ%l)l iifhl Ex%d@xe\gi'tl{'g'c&‘i&traﬁxft 1A W%&Qéﬁ'}?ls Bb@lo erRodd Ak TUM

of four zeros wl e transmtted at the e d of the previous paging
channel hal f fdagayeThiTpreginces atrailisthat odntdinu25G posslensates] hlaa/eysfbﬁl based obe

transmtted at_the end of the prevr ouy g channel h fr Al t hough
the remote unil®-e i Egl ‘?ff@e@rr\geo angagbqge@]aggeg BRI R Ebtﬁggrwwggt he
m ni rum four r di ng
to four consec(ﬁ?‘l‘\%g@tzcehrra@?l% Zﬁ@erﬁﬁﬁggﬁfﬁ:ﬁrltzgg%W??Zﬁ}éﬁy@t?ggﬁh&%ﬁ%der

only 16 out ofth¢ pevidhé psging elmnne:ldmlfcfrdme pOlasi, biméninium ofifoue atroslwoeld have he

netric of the 16 ossi bl e in 15|n|t1aI|ze val ue of 0. The
remai ni 240 B558 gtrwge% ‘g? 2\ HF tedreviys Raging “éi‘allfg famey Aueh o

val ue or 511, r@nd@ﬁhﬁ‘dﬁ%ﬂ&llﬂ 1ve mgg)rah R ﬁm‘ir%‘@é gﬁnuﬂﬁﬁt.

states that are nore |1 ave ere I'n anot ment, if
t he begi nni ng fobr zerqseg ithegendtud tireethlocke sfsage syrabols contespondih td foer b@gecutivag  of

a paging slot, a different fixed pattern of bits nm 20 tra tted at
the end of th&epIdtAlREEn %@rtﬁ@tocthaﬁr?@rs Rl Fdre?%qs?re.owymggéa%roét ed??én galeR
initializatio I C y e )

ei ght zeros \%é’}r‘g’ ]!t’kreg%sg}rridyﬁtgld&getsa? ed(iall%lldt ﬂ% mﬁgcpﬁt@?&&&ég%%&%ﬁgﬁﬁg

hal f frifre, onhiyializedauta vafuetofi®. I%H6 rahaihieg 240 paths veoupbbesattl ibghefivalne opsueh st at e

woul d be initialized to O and the remai ning states would be initiali zed to
a | arge val ue,asdoicgxagples ayalusor A1 11 myyPRTLYalg| BRis biasessthe gelis tpyards

performance of .a decq ?trarsrgﬁngréjlﬂ(etl g;q{a?%f/glg?mqelg.xpl oiting characteristics of

t he encoded ssage. stra
In another embodiment, if the beginning of a paging channel message

coincides with the beginning of a paging slot, a different fixed pattern of bits may be

20 transmitted at the end of the previous paging channel half frame. Therefore,
different initialization values may correspondingly be selected. For example, if eight
zeros were transmitted at the end of the previous paging channel half frame, only 1
out of the 256 states could be possible. Thus one state would be initialized to O and
the remaining states would be initialized to a large value, such as 511.

25 As the above examples illustrate, the performance of a decoder can be
improved by exploiting characteristics of the encoded message. As illustrated, if it
can be determined what code symbols would have been received had the code
symbol stream not been interrupted, based on characteristics of the received code
symbols actually received, the decoder may be biased toward valid states and away

30 from invalid states. Biasing the decoder in this manner provides a better predication
of the maximum likelihood path through the trellis with less data being processed

than would otherwise be required.



can be determ ned what code synbols woul d have been received had the code
synbol stream not been interrupted, based on characteristics of the

recei ved woda/07@gibol s actual ly received, the decoder nayPo@/UsoasE® t owar d
valid states and away 30 frominvalid states. Biasing the decoder in this
nmanner provides a better predication of the maxi mumlikelihood path
through the trellis with | ess data being processed than would otherw se be

required. WO 01/ 0769?13(30 o?e o{ngscga%/so&%?g%ni\f\%l r&tﬁgﬂ%rgv%h%gp H% ags?gl{:r%f\;}g%h leaves

significant inprovenen e eaves e netrricsin

what ever st at etht heite WRlirfcsailn WhRBvdr teatd eERterd Nt twiRt BE @8mbieSunil Baeletd il
state. Biasing the trellis state netrics in the decoder toward valid states

and away froninagtivgisiate. sBiasiag thenipelby stetetrpririepimibe deqader oWardhealidrsbates dwck to

the highest 5 |ikelihood path back through the trellis.. ILn another

enbodt ot ar Pt EeR RGN RE PR R M stebfes o thticBva Pl i dieheshe
renpte upit begielfiob®pfh bhdkthRish eeelgy Mool s, and the trellis of Figure 9
is continued, there i1s not a bias towards a previous path through the

decoder. In anot heln aspthoviemeedimentyell statgtreetries are dritiphigediie Oi dhetekdre,avhent o

different values. 10 Figure.1l0 is a flowchart repres i a pr.ocess, for
nitializing AoaaeBarEnesdude eliCe vmPEant dir HerRgTeRETE i ¢
depi cted i n Fi @afifudl, Ide GRMoP bias eandld aheevibis PahdivesuhOthe SRESRAN € Fl ow
starts in block 100. In block 102, the renpbte unit enters an active state.

In bl ock 104, another sphbdiment the state aietresd miay hetnitializadgpdlifferent. vaiepw t hen
continu to bl ock 106 ere_.cod nbol s. are accupul.at.ed .15 i.n t.he

dei nt or f0aver . I'n HIBEE (D54 IopCrut SRS MAGE DrESh i a7 2 SE0E T,
have been accygrds@tcaf deNirhplemegbd tuSink a8y §6molel dépidtbd lin FHigie @hnd¥aRdes has
not been accunulated in the deinterleaver, flow continues to block 104 and
addi ti onal codascomphthell by hardwase et sofvarReFlowr starts indudock 109. bindddck1lR, thef a

full f f code symbols haye b ted.in the deinterl ,
fllow cont | nueseTBELRELRTTBEN F1%6Faw Boidol 0 £ope Syutds B o Bh Hser
state netrics Qawe BEEFIbWithddontRtks th ?L)IA)%I( ?Pé wiRkd ddeie symBYIS aRERBumulated

initialized, flow continues to bl ock 114. state netrics have not been
initialilzed, findhe deinterlnaves. {wblaickdR8.1iL ¢ ddtermbhestif alfddl, frane ofagyniiwls have

dot T e (i 5 TR LRSS ST LGl v ol Sk
gﬁz ﬁ :1ielbe Sr g ?TL Op¥curhBfated&h Ghe BEinfePIdSves YRR lcintiRs ftd BBk 4! drlaSidaRRGhINEbde
symbols are received. Referring again to block 108, if a full frame of code symbols
have been accumulated in the deinterleaver, flow continues to block 109. In block
20 109, it is determined if encoder state metrics have been initialized. If state metrics
have been initialized, flow continues to block 114. If state metrics have not been

initialized, flow continues to block 110.
In block 109, it may be determined that the state metrics have not been
initialized, if for example, a handoff to a new preferred base station occurs or, as
25 described below, the received code symbols are from the first paging channel frame
after the remote units assigned slot boundary. Alternatively, the state metric will be
initialized if sufficient valid code symbols, such as for example, if 232 valid code
symbols (representing 116 bits), have been received by a rate Y2, constraint length 9

decoder.

30 In block 110, it is determined whether the code symbols are from the first
paging channel frame after the slot boundary. If the code symbols are from the first

paging channel frame after the remote units boundary, flow continues to block 112.



after the renote units assigned slot boundary. Alternatively, the state
nmetric will be initialized if sufficient valid code synbols, such as for
exanpl e, Wb 028208@l i d code synbols (representing 116 bit LCI/Usaversbeen
received by a rate 'h, constraint length 9 decoder. 30 In block 110, it is
det ermi ned whet her the code synbols are frgmthe first paging channel
frame after the slot boundary. If the code synbols are fromthe first

pagi ng channel  fra fter the renot e n't boundar fl ow continues

bl ock 112 wio B R0 R0 Bl Gutitet s Tre St afisonsa B SR Ry e o
initialized. Térethsthidses ABICHbES b, BEch & fdradxbmPR, tall M&tYics 9t bhRd)i RERS
descri bed above, such as for exanple all nmetrics set to zero, sone

metrics set tometics seintd eeheind etberst st deuinarimuravalees , oprothrheambinations.
conbi nati ons. ferrin n, t.q.bl he co ol.s .are. not
corbi natFons. . PBASr L% RN BhB A sibok B ORI e AR,
initialigationciafindl Finkt Ate® thERJI6t Koundiry@N f6R6WinB YRitiakifitiBh OF Kheldkdte metric,
Alternatively, in block 110, the state metric can always be initialized

with flowt henﬂmnontnwbm@ blockol Ide kA lteratively, bi lokk 1104 thet stase dhetsotiean always
cal cul ates branch. a rics,. Aft c | ati on of branch and state
metrics in blo ‘f‘fg @V&}\/ﬁ(‘?gﬁ@‘?%ﬁ’é‘ n\ntqul(g ﬁ . In 10 block 116, the
decoder performs a mhgiobk baak tﬁ@r&ugdertmlﬂz{t@d IbkshcHeh Ry Glatt Mebrlidie hAgdest

| i kel i hood path through the frellis, and outputting decoded bits

corres pond| ngl galcultiow of hmclm@mt $tafe @ucttics lblbdrmk 114 gflow gonfinmek tolllleck t He Inenot e

it i i t t ct ta If th t
it sT00" Feripsk TES. Vit decoder pETuFln & 9nain Sub L Bibheit e Sofe colepiing g <
addi tional codggsbRkaindbe §§mr Qﬁl%'ugl?dthel ftrém@ raﬁ&moﬁtpumntg | Recb@dengigr its

i nacti ve state, fIOM/contlnues to block 120 where the rendte unit enters
its inactive sQO@JteeponFlingW t Hlew tbgmt:omtm@ss taoblotk d k8.1 02 blopkdi &, mhgem@nnma uni t

remains, in its inactive st unt i reenters. its next actjve state.
The T or egol ng BRI MEH G G rEnG s et Gt Tht Eerbfi ol i tvemaToR. i
20 will be apH'Eseﬁét%eﬁiatehW%Bnnﬂu@@tto ModfBtIbHET anAORIHE | BHe tHYRDDRT §@0I NY
appears, the invention may be enbodied in other specific forms wthout

departi dy frometdigeds Jf thetremote uagige i ¢raér ihiaadive etaite flowsconFouesar diqekel 20
al t hough a speci fIC decoder with a, constralnt:%ﬁ%e of 3. and a h has

been doccri bodvher dhe femts BMibEnpots TGN HE KAV e SoRiRs 42 blogka0Pai nt
length of 9 anghge Rt RembtuMt r@hdifs, iff YR \ih4iva ki8N Sntil RGeenters its next active

state.
The foregoing description details certain embodiments of the invention. It
20 will be appreciated, however, that no matter how detailed the foregoing appears, the
invention may be embodied in other specific forms without departing from its spirit
or essential characteristics. For example, although a specific decoder with a
constraint layer of 3 and a rate %2 has been described. The principles apply to other
encoders such as constraint length of 9 and a rate 2 or other configurations. The
25 described embodiment is to be considered in all respects only as illustrative and not
restrictive and the scope of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes which come within the
meaning and range of equivalency of the claims are to be embraced within their

scope.

WHAT IS CLAIMED IS:



25 described enbodinent is to be considered in all respects only as
illustrative and not restrictive and the scope of the invention is,

t her ef or eyvoiomd7eost ed by t he appended cl ains rather than BgTiuser/fa@szgoi ng
description. Al changes which cone within the neaning and range of
equi val ency of the clains are to be enbraigd within their scope. WHAT IS
CLAIMED | S: WD 01/ 076080 PCT/ US01/ 10463 CLAIM5 1. A nethod of decoding
convol utionally encoded dat a, conprisigggééiﬁge|V|ng synbol s of an
interrupted stream of continuously co nal |y encoded codeword; 5

accunul ating sai d synbol g nifdd ofaief:éﬂuln% EdrORitihalPysHeedsd dvas cB®pRsingecei ved;
initializing end node netrics of a trellis within a convol utional — decoder

to a first set of predetrecsivingd symbeles of f asairdersypitrbl sirdam sefi dcohtinwoustyane

are froma first cha frane after a slot boundary; 10 presenting
said full set “cﬂ“"g@ﬂg'&ng'epg)o‘ggcad%% Mol uti onal decoder wherein said

convol utsonal decoder C%Emuﬁﬁng@ﬁatgyﬁ%lspﬁmfam @lrah{eed,ﬂ bynbbd Rk B@ind
symbol s; conputing a netric for each node on the trellis in response to

said receivedesgivdibl s; 15 generati ng decoded bits in response to said
metric values. 2. The net [

m 1l further conppris init in
said end node netrics ofm@&famw% I"Qdew“?%??? Qi gy tre nW)‘:hH‘tl Bofi h’é ?leergto

a second set OfecRiGq6 LIS Redf }séelde@ﬁmlnted %a;u@s ﬁysﬁhpiﬁnﬂo'& inS@ldrfiUdmé bR
are not fromsaid first paging channel after said s boundary. 20 3. The

met hod of d aifirerh affirsttfagmgebanel ﬁamgaftcrra $lotabqundmg, sal d end node rret rics of

said trellis within said convol ut. decoder .to sajd fi
pr edet e&bn ned val ues if &ra%ea“%&/ﬁﬁl&@‘ i it Lafin el?q.lﬁ o fSF"élnﬁonaYPEmﬂB? ﬁd"rc(?fjﬁ sai d

first paging chrpipglsaff écﬁﬁoﬁtﬁbﬂal%e@&depe&ﬂgﬁxﬁy coufstrua_t}ftﬁm oL PHe Itk ugng'smdl

wherein said initralizing a netric at each end 25 node of a trel
i ncl udes settisymbesch said netric at each end node to zero.

computing a metric for each node on the trellis in response to said
received symbols;
15 generating decoded bits in response to said metric values.
2. The method of Claim 1 further comprising:
initializing said end node metrics of said trellis within said
convolutional decoder to a second set of predetermined values if said symbols in
said full frame are not from said first paging channel after said slot boundary.
20 3. The method of Claim 1 further comprising:
initializing said end node metrics of said trellis within said
convolutional decoder to said first set of predetermined values if said symbols in

said full frame are not from said first paging channel after said slot boundary.

4. The method of Claim 1 wherein said initializing a metric at each end
25 node of a trellis includes setting each said metric at each end node to zero.
5. The method of Claim 1 wherein said initializing a metric at each end

node of a trellis includes setting a desired number of said metrics to zero, and setting

a desired number of each said metric at each end node to a saturated value.

6. The method of Claim 4 wherein said desired number of said metric
30 set to zero is 16.
7. The method of Claim 4 wherein said desired number of said metric

set to saturation is 240.



5. The method of Caim1l wherein said initializing a netric at each end
node of a trellis includes setting a desired nunber of said netrics to
zero, andweatiiidqgo a desired number of each said netric atrceashi/end node to
a saturated value. 6. The nethod of Claim4 wherein said desired nunber of
said netric 30 set to zero is 16. 7. The thod of Claim4 wherein said
desired nunber of said netric set to saturation is 240. WO 01/076080

PCT/ USO01/ 10463 20 8. decoding .a con tinuo onvolutional |y
encoded stream of dYata ‘ggrlleh'lf’ e q’?c%qc?%?rﬁ‘?fg MR YFW&’{‘Z‘Pﬁ?‘?eﬂ’C% et{ﬁlarrnel ess
comuni cati on §Y&£Br us¥hie hebMofeNfit MNPEIBiaN hdod® WideldsE eBMYRRicAL OP kystétn, Of
sai d continuously convolutionally encoded stream of synmbols during an

active state ovhgeindhe emuteunihprlyaeetives agioviean ofaitbenatiofously epngelugamalijur i ng
an inactive state he ne od C ri ses: recei

Mhter rupt ed_ st RaBhot MASHR Qg et GE AP s eBuB AT AR srves
accurnul agi ng %neo?gm@!r&nvaﬁﬁdgﬁlilh@dvefsfa@ér%@ﬁqetwmﬁnms been received;
10 if said synbols in said full frane are froma first pagi ng channel

frame after a slot boundacqrymgh@ymbmistloél A mjerauptest r$tecam  efacdonemebuskyde of

atrellis wthin a Iéa(rivolutdse nal oder to a predeterm ned val ue;
presenting salﬁ’nf'ﬁlluflo ly eggo aﬁﬁg?"% o said convol utional decoder wherein

sai d convol utional deCO%EurﬁQl@ixh%"@ﬁa stfyﬁ-fb‘éisr w1l PRuIPfrafRi 6t §)fnﬁ3&l§ RasUBédng
said 15 synbols; computing a ric for each node on the trellis in

response to sabcbiver@cei ved synbol S; gener ating decoded bits in response to

said netric val ues. V\/nerel said.initializin
metric (5;\{) each end 20 A d@‘ggsfynﬁ’oﬂsr}é’l F‘?‘ f}qllr@f ‘?’l‘h irgl Raging,chan tr| c
at each end noglgnd Gft&ed Qlot E&mdﬂ}ﬁ tﬁtxhﬁgmﬁfngq ﬁa’eﬂﬁcgat"@aéﬂ 8hd n8@ 6f a trellis
initializing a netric at each end node of trellis includes setting a
desired nunberwmhimsanodvcvmmcmabéeqodelztelacp,red;:tmtrrmwdtwahg a desired nunber of
each said netric at each end.node to. a saturate val t hod of

u.
Claim8 wherein said trd BRI WssSsy Sblt‘é s convolulional"Gechdét
wherein said convolutional decoder contmues construction of said trellis using said

15 symbols;
computing a metric for each node on the trellis in response to said
received symbols;
generating decoded bits in response to said metric values.
9. The method of Claim 8 wherein said initializing a metric at each end
20 node of a trellis includes setting each said metric at each end node to zero.
10.  The method of Claim 8 wherein said initializing a metric at each end
node of a trellis includes setting a desired number of said metrics to zero, and setting
a desired number of each said metric at each end node to a saturated value.
11.  The method of Claim 8 wherein said trellis comprises 256 possible
25 states.
12.  The method of Claim 8 wherein said desired number of said metric
set to zero is 16.
13.  The method of Claim 8 wherein said desired number of said metric
set to saturation is 240.
30 14. A remote unit for use in a communication system comprising:

a receiver configured to receive wireless link signals;



25 states. 12. The nethod of Claim8 wherein said desired nunber of said
nmetric set to zero is 16. 13. The nethod of Claim8 wherein said desired
nunber ofweaid7dmiri c set to saturation is 240. 30 14. Apcerusbeiunit for
use in a conmuni cation systemconprising: a receiver configured to receive
wireless link signals; WO 01/076080 PCT/ Ug(i)ll 10463 21 a deinterl eaver
configured to receive sanples fromsaid réceiver and accumul ate said

sanples into a series of data bl ocks ordered in a tinme-sequence .order. a
decoder configured to re%_g?‘9§r1§%Yeac gfgu_éescf@frea%{y%sgpﬂ%(iroglr% EGVE %{Id 5
time sequence gQdRlate 9N IsBMBles ARBL 4 WeridsOst @dta BIdke!drdcted 1P aQHné ReRhcd
decoder to decode said data bl ocks and out put decoded data; and a

controller confidgured to determine if said series of data blocks are from

a first pagi ng channel frane after. sl ot boundary and if. sqQ.to initialize a
Tetric value at each erfidsiodd SRNEUPR L FEFIVE saifl oS of faG hlopky omlsefin'a

continui §g conghE Lé_@%l}e%@e Qb der 1 Qortbél chh@ldctisn D Bk Nstidd n 808K bderlRy The
renpte unit of Claiml4 wherein the decoder is a Viterbi decoder. 16. The

met hod of O ai dacdde sdidkd®a bleeks ahd qutputakcxiedgat@; amet ri ¢ val ue at each end
node of a trellis includes setting .each sajd netri.c value t

zero. .15 17.
The mothod of O aim 14 whEPRIHet Soiered ©; detecgins: if Seid Ssrgs pDAAR Blacks 3reat o

18. The net hOdfr?rB HiRl PAglfy WRRA fandhibri st toBhd#Y 380 & SBRD ihifalfR dfeflc
each end node of a trefl1s includes setting a desired nunber of said netric
val ues to zerwluasndasettd mygleaf dadirekdd pmontresaidflecvderctonbuing comstuetsort of a
sat ur at ?vaal ue, 2q .19. The thod of Claim 18 wherein said desired nunber
of saidlfetri csaidigellis 3foredip spid dggodeby  The nethod of O aim 18 wherein said

desired number of spjd M{d kénote Clnit Of SBhith 24 Whetein 2AO-de€dder As "B VARLbIOT

decodi ng convol utionally encoded codewords
decoder.

16.  The method of Claim 14 wherein said initializing a metric value at
each end node of a trellis includes setting each said metric value to zero.

15 17.  The method of Claim 14 wherein said trellis comprises 256 possible
states.

18.  The method of Claim 14 wherein said initializing a metric value at
each end node of a trellis includes setting a desired number of said metric values to
zero, and setting a desired number of said metric values to a saturated value.

20 19.  The method of Claim 18 wherein said desired number of said metric
set to zero is 16.

20.  The method of Claim 18 wherein said desired number of said metric
set to saturation is 240.

21. A method of decoding convolutionally encoded codewords

25 comprising:
means for receiving symbols of an interrupted stream of continuously
convolutionally encoded codeword;
means for accumulating said symbols until a full frame of symbols
has been received,;
30 means for determining if said symbols in said full frame are from a
first paging channel frame after a slot boundary, and if so then initializing a metric at

each end node of a trellis within a convolutional decoder;



25 conprising: nmeans for receiving synbols of an interrupted stream of
continuously convolutionally encoded codeword; neans for accunul ating said
synbol s uwbiot/oze0Bul | frame of synbols has been recei ved; PBO/USBHNEG6S OF
determining if said synbols in said full frame are froma first paging
channel frame after a slot boundary, and L so then initializing a netric
at each end node of a trellis wthin a convol utional decoder; W 01/076080
PCT/ USO01/ 10463 22 neans_f or resenrtltin sasﬁitdllf% Iofset bOLs §(}/nbooln§lolt 9ol
convol utional decoder WAE&IR" FEFFEENVOL ut' ohal® ddlOFer " EntiMaes
construction ofecéd@irdviidréihlsaf cotvboRBiofall dbcsdeTR@nEnud¥EMStnk@ion G trBlis 2
nmetric for each node on the trellis in response 5 to said received

synbol s; and mstngssafdsgymbelser at i ng decoded bits in response to said netric
val ues. 22. The nethod of ClLaim 21t.wher eitn §ai d tr?e# | i S, c&)nﬁ.r i.ses 256
possible states. 23. THEHE{YSEEPUEE 4R IAUFAFLRGTCLOL e IS A fTPRG a
netric ag eacho@fd reckvedQ0RbOk; shdtrel lis includes setting each said netric
at each end node to zero. 24. The nethod of Claim 21 wherein said
initializing a nmetric atmeas foregederatimgidecodedabitsrinir¢spgnserie saidostieyaliesg a
desi red nunber of i d tric 0 ro,,.and setti .a desi.re unber. of
each said netric atszazeacﬁ%@rfﬂetﬁ%‘ﬁjgf ég‘lfa Ay ?rﬁ’f’esﬁ“cg‘?ll]%Forﬁgr.lse‘f’%égr?gf%%lﬁ of
C ai m 21 wher gjflesai d desired nunber of said nmetric 15 set to zero is 16.
26. The nmethod of C aim 21 wherein said desired nunber of said netric set
to saturation is 243. 27TheThethorbofddinp®21 @haiein Sid inhtgaliging ametdic@beacblendi onal
decoderlés a Viterbi .ec0(ile

node of a trellis inc uc{e's setting each said metric at each end node to zero.

24.  The method of Claim 21 wherein said initializing a metric at each end
node of a trellis includes setting a desired number of said metrics to zero, and setting
a desired number of each said metric at each end node to a saturated value.

25. The method of Claim 21 wherein said desired number of said metric

15 set to zero is 16.

26.  The method of Claim 21 wherein said desired number of said metric

set to saturation is 240.

27. The method of Claim 21 wherein said convolutional decoder is a

Viterbi decoder.



