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WD 2004/ 079563 PCT/ US2003/ 024730 -1 SOFT | NFORVATI ON
SCALI NG FOR | TERATI VE DECODI NG RELATED APPLI CATI ONS:

WG 200he79s52sent application clains the benefit BET/USZ03/024730
Provi sional Patent Application S.N.  60/450,174, filed
February 26, 2003 titled "SCGRT | NFORVATI ON SCALI NG FOR
| TERATI VE DECODI NG'. FIELD OF THE | NVENTI ON: 10 The

SOFPIRFORMATION §CALINIGFOR ITERATIVEDECODING' e
particularly, to methods and apparatus for
determ ning a scaling factor which may be used, e.g.
RELATEIAPRLICATIONS:r nati on val ues as part of a
decodi ng process. 15 BACKGROUND OF THE | NVENTI ON:
Nearly all fornms of electronic conmmunication and

S Qe PR eR)pbRERi oL TRiME ltKHbe@l@ﬁf &R SnBrovisisias Patentr Application S.N.
correcting codes co ensat e for the intrinsic

60/45Q7é ﬁlﬁéﬁpbmwc% PAPDHRed ISOFY FQRMATION $ReddNG FOR
roduci ng redundancy into the data
ITER%‘[%}?&am #%]émgrg]therratl cal foundations 20 of error
correcting were established by Shannon. Shannon

FIELYE08 PREANVENTRONeMat i cal concept of the channel in
which dirstortion of signals in comrunications systens

QLB R Rn RO (RORRERRA, MOR AL ROREE) and
appardigb rfasxekterﬁmng hecating fmedr which prayiteyused ecgJ,atntscaly sofh atformation

speci fies . maxi rumrate at which information can
ValueBéSPaéT?gaoqlipo eI t hr ough the channel . This

capacity is known as Shannon capacity. 25 Reliable

ﬁ‘l\ﬁ)c‘tﬁﬁT .oachi ng capacity requires

BACH@@:@ Ot cllﬁgfmylﬁlﬁg’éﬂnig codes. Thus,

error- correctlng codes are designed to achieve

suffl CI 2{”9 %flsq bltl!é}lmtc%/qtp\éwﬂéllgﬁﬁa roa E’an%rﬁﬁts aci t or—correctmg
codest hﬁrcﬁ%%ctﬁfy Joﬁ% dﬁ%e‘f@é@ fdﬁh@ﬁlml?sqghﬁrbﬁé]ﬁht f(ﬁ‘iﬁf&fmatlon transfer

cones Into play in practical appl rcations of
in theee systemmby iatddwing edesdangdg irfke tendatasiveamc ekhei matbematical foundations

o LS 1900 0 YRR LU L, O, LUG,L ANERLLRR concr

of théj&l\éﬁhé? RARRtchQistb@ivn ¢ @%hﬁ])ﬁ i %rhfrﬁnﬁﬁﬁ‘&{é s@ét@'ﬁ@s mb6@€$as a random

fer coding systens of feasible conplexity that can
proceasp pTbauotosShadaroents] resaef Shanper séhe Ybisy ghymel/@eorem which defines

for the 084/ 0?2? ?cgv?’acft))gg q%%zp ty?’[fla(?’czs%gé?i%es the maximum rate at which information can

be reliably delivered through the channel. This capacity is known as Shannon capacity.
Reliable transmission at rates approaching capacity requires the use of error correcting codes.
Thus, error-correcting codes are designed to achieve sufficient reliability while approaching
capacity as closely as possible. The complexity of implementing the error correcting code is an

additional factor that comes into play in practical applications of error correcting codes.

Recent advances in error correcting coding systems resulting from the invention of turbo
codes and the subsequent rediscovery and development of low-density parity-check (LDPC)
codes offer coding systems of feasible complexity that can approach Shannon’s capacity quite

closely.
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-2 Many kinds of error correcting coding systens rely
on soft information. Soft information usually
WO resBrnt s a decision on a bit b, i.e., a 1 oPCHUS2003/024730
and sone neasure of the reliability of that decision. -
For exanple, a canonical form-often used for soft
values is the log- likelihood ratio log p(y b = 0)
whidrey kinids oSarsr cohseingatodong sybtehiReelion sbft igfogmatidf. t It
. transniSﬁion p( Ib:é%,s t hrough a communi cati ons
mforaupthifuellEssresehis gdeiaionan At b ifecbliera Graadspmemeasure of the
reliabPR AT dELiSth: or%'x%?lﬁi\%hé EgHORBat £ c}f[é%xq{t‘éﬁcgfo? soft values is the log-

cofmuni cat1 on chann i ch may Subj ec

. transpitteg(Bjgrd) to noise. |In such a_.case, the o

kel E03HL ¢ P 1) 4B 681 therien of A D 19 afer transmission
produced t oft” value will reflect the effect of

through aoolntidasiens dfinhél. SBR iHE &aﬁie@awdé%ha&ear&»h't & ott8ied from a

) fBPSK) modul ation, x = 2b-1, to transmt a bi _ _
signa} fransrtitechtheonshs commewHention chamne whishgyay subject theriransmitted signal to

. t I ' vari.abl e w.th
noise] SR 018 hEBea AN ERUBIROP 1k Bon Syt RiarroRB e ot
valuervallireflaft the affect of changedmsisant factor. More precisely,
log p(y I x 1) = 2 y. For sone types of
error-correcting p(yl x=-1) s systens such as
L . . . Tt i o
AR ey PRHEI K0y 00 DRI 2L g i

througlee Gtuseiar channal ambdeied biynglerx $ malhedgn yngesa fdaV Gaussian random
effect, the Viterbi

. .Ggons ts. Thjs js begcause,. in t he
variablg Sathd mpf e VariatesotleWigh o ierual fo thelydikakihgeghepiip e&s up to a

Xi y1+x2y2+. .. +xy" wh €3 ygq)..ﬂyz denot e
constyt $aateratiloreprewsalns lngﬁ%é—(—e—'#ez—w dos sorhe egebbf &ror-correcting
x1, ..., X,,. Recently, BAMBc thde$ and LDPC codes have

: LGRiF C i ns. over 20
systerie Sl U Heh 5065 LM G eABRESH il priRsry to kmow the scate
cades. %Ee best decoders for these codes, however, do
fac’fordg—qoélﬁﬁe despdmg is mvagiapt undeescaling by apsitiee canstastsurThisis because, in
scaling of soft values can negatively inpact decoding
effectpthe M\itembirdzeodddiind thieboREWEI (£, . |, k,) iiSat YRhYmbd &yl bt O, v,
know or estimate the correct scaling factor. This is
where)y, et slgaete pRRABIHPDS catrespgnding duthg tranpmitted bitaat, . oAsy
to track, may occur in the system Such data scaling
which is difficult to track nmay be perforned, e.g., by

aleoeraly, tirbacotes and EDIPCododesihdvieybeti shav ey offdr kipifidaMt gains over
..This be especially true, for exarrEI e, in fading
tfadl“Bﬂ%lr?ﬁg% Sypferme S?Cﬁ’easeﬁavﬂhé‘llonaéﬁ?ﬂqSeE hg best deeqdsts for these codes,
Ve
howeH D of s PER! OPRAEL A cu it sBh} BEH Fatues can
negatigelylimpgctfdecoding penforirmace.t o si gni fi cant degr adati on of
the coding 30 systenis performance. Thus, there is a
need for a nethod that can provide a scale factor for

aOften in practice it is very difficult to know or estimate the correct scaling factor. This is
because unknown scaling of data, that is not easy to track, may occur in the system. Such data
scaling which is difficult to track may be performed, e.g., by automatic gain control circuitry or
other circuitry. This may be especially true, for example, in fading channels where the channel
applies a, possibly unknown or only approximately known, multiplicative gain to x. Using a
poor estimate of the correct scaling factor can lead to significant degradation of the coding

system’s performance. Thus, there is a need for a method that can provide a scale factor for a
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WD 2004/ 079563 PCT/ US2003/ 024730 -3 bl ock of soft
data, e.g., a set of soft input values, so that the
wale@ani7asep per f or mance does not suffer a | oss,POF/PS2003/024730

m nim zes the |l oss suffered, relative to the case o
where the correct scaling faetor is known. From an
i npl ementati on standpoint it would be highly desirable

blocki df safisiatd)] alpl,@ seced Bft ih@e vakues@u teht i diebemBipeEBridn@does not
the soft values to be processed without the need to _

suffeg; 3 lost O&cmimmizes therdassorligred; wipive fafecase wherethasstesthsaling factor

B8 BEATELy LS S il

factoiGoulde détinNhediomthe Jdfeviluasen b prodessediwittdiuethetnedito track scaling

nmet hod and appar.atus for scaling .soft values prior to,
and/og v afops 036?}}63 ﬁg@({lts?ﬁ%ww,an ate rtl!;ec%F‘T’ elthe seple @@gva i"hgch should be
applicPlodhiAedplotpcebaibfie scale factor to scale soft
values is d S|gne§ to Tnprove and/ or optim ze decoder
performance w thout prior know edge of the correct
| tual channel conditions at the
SUMLM&R‘?Q 6@;@&@%&& ahi ch the soft val ues were
obt ai ned, was transmtted through a conmuni cati ons
channel . The methods 15 and apparatus of the invention
arldievigydntigniis &irectedrto ageethod andmpperatumrfgescatingleoft vdses prior to, or in
. e. 9 jreless termnal.s bi.l e handsets, and
conjufefnpyth o€ B B Pyt | SR o0 SreCEiy 8o eor to sale sof
valuesl BCdegign 6@ icAimpr& and/ oy B At 8der PerBARarRB %ifhoMEftor knowledge of
channel quali t&}, assum ng proper scaling by a
the corgeesopler factar o the artnahchanned epnditionsas thii time iteusi grah Sroam which the

bl e at. I Lver with.the distributions
soft IIEE B lndd et Bl ke Goublbiont bR eRnsh e methocs
and appsdatus yf the hseentib® breavethaitee forQlse i a Radd fafisd &f deURY, i g/, wireless
., .as expressed in ternms of a channel quality

.€. ! . :
terminals, e hansets, BBb YIS OHIR HPes ofdgyaees twhichareseive aifd decode data.
correspondi ng soft val ue distributions can be
predi cted. Channels having other channel quality
v &lonie given lcbding setesyrond divendihbings] @oalityedssuings@bper ¥editg by a
.distributions.. Thus, .jn the case of properly scaled =
receiveh aPIYLafifyeef softivajue digidytiome arepasaibla as the jsaeiverovitiuthe distributions
irfll {8t irbMbias d&§Rhdi ragaL v
vl BN BlrgPogifinkShShu bl S5LEL Wiaforo
particgleh gwality, | eng. arsomxpoasecian wirtis of hehamed quality valués sush as Shannon
suned that the co ni cations . chanpel satisfies _ a
chansf GHER B (horee! USTOTY IS0 BIvaliE CuioIcan 81 D afseiedy Channels
havin@8tHRX Bi@nsEghalily $le¥ByilcoRedohid &) 8%tRdt s& ﬂfﬁﬁi qulue (%istributions.
qual ity value. "G ven this assunption, a scaling factor
Thus, i theestaes off preperiyhiceled soft ealugy) itdp pbssilile toreldiea papichlasdistribution of

f soft val.ues, will produce,a distribution _
soft vles 8 b KEF G s Barion A Bicl @iy YA b et Agnown goding scheme.
preci sely or approximtely, the assumed presel ected

channel quality value.
In accordance with the invention, it is assumed that the communications channel satisfies

a predetermined quality level, e.g., channel capacity, as expressed in terms of a preselected
channel quality value. Given this assumption, a scaling factor is determined which, when
applied to the input set of soft values, will produce a distribution corresponding to a channel
quality matching, e.g., precisely or approximately, the assumed preselected channel quality

value,
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WD 2004/ 079563 PCT/ US2003/ 024730 -4 The determ ned
scaling factor is then used to scale one or nore soft
WO ppu79863 ues prior to a decodi ng operation WdTS1083/024730

dependent on correct scaling. In various enbodi nents
the presel ected channel qual i4-y value is sel ected,
prior to scaling 5 and decoding, to be a val ue near
t MEhendRkdRiniNdaeICElindRcoR Bthe ulEes BBSe bne6iaadieabltenpul Relues prior to
presel ected val ue mayhe within or }ust out si de an

a decggding spenatien whighrs deppndention coagetoealimhi s point  where
t he channel beconmes unacceptabl e may be described as a
critical point. The presel ected channel quality val ue
meyilvariewd @nbatimpiits the prosetieddihagnel gu@lity vaRgdslsedertdd) prior to scaling
codj.ng sghene used,  and programmed into the device

and dgepcine. dp pe 2yalugacaishe peiet wherc therphanpeldisepmet wircespiahhe| The
e BB YR 8 38 O3B cBon. T i
whergiheethanied beanahiesgmacdeptablehmaynige éewptibydead. a dritizal point. The preselected

resel ected channe aljt al ye m emain _fixed
chanfgl Ry SR CE RS PRI B PTST 1 CONPRGS be PEPed ORGHe Sa(HE scheme used,
and prédrémffed iR tEOITY KRk QRB sES¥ hE 8 dQodeM Ttk :gléésg?ct?ﬁ \é,haﬁﬁlel quality

IS progranmed to support a new coding sche
valugonasbd sedeotadl tolvarmspiond duakhanpeleapacity which heexpiested to be achieved

e B e BORREL e M e
ﬁxed?!ﬁigh'g exteAded fi@iolk Hl’-‘dééoéi'ng,r‘?é., fot the BRYTthd @dgmhﬂﬁi%tgﬁls device or

. communi cati ons channel "and/ or received.
until therdetitse abpregrantpediosyppet ¢ veiw chding ethemedr thy preatlesed channel

. depend ic Gaj A .
L SRR TV SR —
indepefdent begRiaRE] Siandlqualitytdd heaRAEH Bi'fﬁ@ltiis eafsreie¥d @Rough the

which is perform ng the decoding. 20 BRI EF DESCRI PTI ON
comngymicgtiongel@preismdmrgegeived. Furtherpose.dbe pigsdsaeththanyel quality value

' [ ) ' i | i factor .
does SATRHBAEE ARRE A b P fine 08 R g ragipof oher gains
applietbch feteicaidpmad in the cobhinfunddativhed@ti¢enehich eCseaimy t88 decoding.

depends upon correct scaling of input values. 25

Figure 2 illustrates a nmethod of the present invention
BRIPVPES INOF [GERg]uerated for a given set
—%ﬁf—rmwlmnrﬁ of a presel ected channel

quality value. Figure 3 illustrates an exenplary scale

factor determ nation pethod of. the present 30 :

i ﬁ:::}%‘ff? i USRS R e&smgﬁ?a_{ FASmENICRUATS SYS{ENdR Wibhpscaling factor

t - . r . . . . .

de erlg%lggﬁ ﬂqettﬁbdsc?f t%l% gl%géﬁ% Vel SR HARCE 1%&%%%{1}?)617\6%%? iterative

I ment o present 1 nvention. WO
decoRECWhisb2pandxapBRorrect scaling of input values.

Figure 2 illustrates a method of the present invention where a scaling factor is generated

for a given set of input values as a function of a preselected channel quality value.

Figure 3 illustrates an exemplary scale factor determination method of the present
invention, which determines a scale factor to be applied to soft values in accordance with one

embodiment of the present invention.



10

15

20

25

30

-5 Figure 4 illustrates another nethod for determ ning
and using a scaling factor, in accordance with
waemthegseexenpl ary enbodi nent of the inventi onPCHUS00E024730

5 illustrates the function g, where g(x) =1 - h(z(x))
with h being the binary 5 entfopy function and z(x)
=1/ (Il +e" ), corresponding to the use of Shannon
clrninel inaRagdstanodsr nieﬂ@d@b‘@d&f&hliﬂﬂ%%h& Msﬂi@aléé‘ahng factor, in
DETAI LED DESCRI PTI ON OF THE | NVENTI

accorflprieq Stittaansthen exemplap! emodismmhatitheinvemionsy st em 10 in
whi ch the scaling factor determ nation nmethods of the
present invention can be used in conbination with an
| tRegat SHustthesote fuidtionhg,i whele pendent- lpAxPovitieR beidg e binary
val ue scalin n LDPC decoder or a_ Turbo

entropy BAFT anZ) 4D TR e eI of rrasios chgamed capacity as
the cl%fgﬁélaﬂﬂﬁﬁpf\}aﬁﬁ and second comruni cati ons devices 11,
[

rst communi cations device 11 may be, e.g., a
base statlon 15 mhlle t he second comruni cati ons
ess term nal. The base
‘ -1 zclal e wireless term na
13 V|a an alrllnk 37 The flrst comruni cati ons device
11 includes a processor 14, e.g. CPU, input/output
i dtigrlfidostrdés an wumla:tgvbmmuﬁ&,atim gystermd Hyinoehi2l? thea;caling factor
sn1t er

deter);ttnr aginp]g}e }ng ar}gsgn 1,%?% Ipﬁgqcﬁ&ézg g}aglgg 1&1 an iterative

decod®r @/hlch‘:@tié‘péngeﬁﬁ)nt JO%%T.'BOHR%“JG%‘QQH%O Blg Qb IToRLE 69&3613&‘ a Turbo
Processor 14 operating under the direction of control

decodepuds néustraied dlomeqnomnuanicativms sysiers f0dsé¢lodesdirstdad actamdt he

second c ice 13. 1/0 interface .1l
comrFfGREnT RCAR T B B eibpbRcetandidelieS 1) BB e @ base staton
whileahélédebn® edrenfiaicatibisaigvice 13 Bt Bk, %Hﬁl'i‘elé‘s% téfA@nal. The base station

Internet. Input device 20 may be, e. g, keypad, which
11 cap gompwmipgtedvith thenpivelessdermiogl 13iviman glrhzx& ¥hd/ or data

into the first comuni cations device 11. Qutput device

22 may include, e.g., a display for displaying

| ﬁﬂﬁrﬂi‘ﬁtdoﬁﬁnurdédt@nﬁﬂd‘hw 1 digvivdes spicessor 14, @ TP Angu®/output

ser. Transmitter 35, which is cougled to a

mterf@-qealrﬁs HPeE dFvigme® entpusdevies 4 adrangmities A8 rand ragraeryGPeyhich are
couh e b3 SOOI 7L 3, e
contrcntnrduiums (34. P26cessbnd4 epeating uﬁ?c&r ithgod igsee ol 61 amj!rod)ftﬁltmés 314 controls
luralit f encodi ng, techni ques where decadi ng
the trgﬁgng taghogd @pecq EQTHRUBIatNsdSHice AP e I/&lgpqrf@@e @)6 allows the
o L) r

st St 40k el AT Rt MOl 0
Interneh cloget dédvore 20maapbe c.gl h&eymadc witieh caR be asel toeéspud @brtrol signals

lues to be transmtted and ner at es encoded \/aI ues
and/of fagh Gtp {1 Aok ATTIBRCHIAEE GEHER AL DU AoYiFoed iR clude, c.g., a

displd§'¥6P @;?la%%g@ﬁi%nﬁ%ne hta WRd/BPEYIA dills BYormRAh 8 21se#® Transmitter

rior
35, which is coupled to a transmitter antenna 36 is used to transmit data over the airlink 37 to the

second communications device 13. The transmitter 36 includes an encoder 28 and a modulator
26. The encoder 28 implements any one of a plurality of encoding techniques where decoding
of the encoded signal depends on appropriate scaling of soft values obtained from a transmitted
signal. The encoder 28 may be, e.g., an LDPC encoder or a Turbo encoder for example. The
encoder 28 receives data values to be transmitted and generates encoded values there from. The

encoded values output from the encoder 28 are subject to modulation by modulator 26 prior to
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WO 2004/ 079563 PCT/ US2003/ 024730 -6 being transmtted

as part of a signal broadcast fromantenna 36. Wile
wmoio4esern, it shoul d be wunderstood that the PCT/ES2003/024730

conmuni cati ons device 11 may include receiver

circuitry simlar to that of6-the second

communi cations device 13 so that the first

beingit@e[ﬂmﬁt'tddadsip@ft?ofd%\i/%ﬁﬁbrbldéhatnfrdrﬁ Ghtefa 36S Wilelno@Shown, it should be
transmt data. 5 The second conmmuni cati ons Qevyce.lé_ ]
undersipop dleps sheafiist enramypicatiops dsvige 1 Emay inelpde regeiyprc@rculny similar to that
[l 5 [ Lheuitry 54 and. . .
of theg%hgljlt{fe %Pq)?ﬁé{élglt%%@(r%tsvdl’egﬁg 1%3@ tl‘%ghe#‘ﬁ(set %gg%%rﬁa&lo%? RYi¥e ?pcan receive
as wetlasntansmatdatans devi ce 13 al so i ncludes a receiver
antenna 38 for receiving signals transmtted over the
air. Menory 60 is a machi ne readabl e nedi a that
i . ' . .
e siEn I SR FARLERL OB B8, o, ot i
50, omtphiudevireriRuteativencirauitty fieaiBmemGonér aduplaaiubgethar dta bus 48. The
ontrol .the neral , operation of the secon C.
Secon?cﬂﬂmﬁfn&%ﬁtﬁoag kot by ha ff‘éf’é%%@ﬂmiﬁﬁdgt fos roepiyingsignals
transiBRted o9ér thBYirl ME&HES d8L 8 noRhAE REMIPN MR HiAl ﬁl‘ﬁidags aad 62, control
decoding a receivéd signal 1n accordance wth the
routinies vém proselectedveiannelsjudhityavalisdt$ dmd a deelingviluotompuittiona®utine 68.
64. .Scaljng.val.ue conputation routine 68 includes . .
Cont g autiper o4 L EsREL e Dol SO ERORS A evice 13 when
exectRAEBHThe CHY 44.hBafahi3 iy ineRidS afabBtah o8 s@&@hodtdating and decoding a

_generate an appropriate scaling value "as a function
receivsid sigpgbi asgorglange widh thegnentipn as wyll ah datdesestloy thesontB@ routines 64.
. [ | ect annel ual.it.y val.ue 66, ,stor .
seatifi b B ERTOE R B ks roll Mot Rl PR SOfes which,
wheni eXphRESESY BibiCRU o, daliss the Emegsbpm td e gh ARAGhiBSe scaling value
and/ or a conbi nation of hardware and software may be

as a fyacdign of ungcgleg so8 vabigs Puigula e demaduletos 56 and ehamreselected channel
B . . o . 0. |
vt AFRIRr st B 5B om0 1 AR HRGHR or e

inventivarimpdwdre modiutes uhdoy a 8omibination éfthardMadre @hd sbfwhiensdy be used to
communi cati ons device 11 so that the second

comppigrifHHIEC TSR 2erovdanse Fathdhminventions Whilegokghpymeis should be
undeSSEEUHE A o b s RO ey PSSy it
to that bf the dinst tchmndedetiens &8ideol It foethgirthbe sxond cddnfuaications device 13 can
yr poses of determning the scale factor to be used

transrgg ang ﬁEf‘f"S‘rYedgtat he presel eced channel quality val ue

66. The processor 44 can then scale and return the

scal ed soft values to the decoder 58. Alternatively,

t e therRigesembodithent noft #tluesoutpiidydaet demodidatosS@tanise supplied

oo A3 o AL RS A
used & ﬁmit:tgtﬂ%f tHEbHBSlet¥d Rbnicd qRAIRG 0318k BE. e bRReSOF 84 Men scale

used
and return the scaled soft values to the decoder 58. Alternatively, the processor 44 can return

the determined scaling factor to be used with scaling circuitry included at the input of the
decoder 58 being used to scale the soft input values prior to processing by the circuitry used to
implement the scaling dependent iterative decoding process. The decoding process implemented
by decoder 58 may be, and often is, the inverse of the encoding process performed by the
encoder 28 which was used to perform encoding prior to transmission. The decoder 58 is, in

some embodiments, an LDPC decoder.
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30 inplenent the scaling dependent iterative decodi ng
process. The decodi ng process inplenmented by decoder
wodmmypshe, and often is, the inverse of the ePCDUR1093/024730
process perforned by the encoder 28 which was used to
perform encoding prior to trahsnission. The decoder 58
is, in some enbodi nents, an LDPC decoder. WO
2004/ 079563 PCT/ US2003/ 024730 -7 The airlink 37
bet ween. nna's 36 and_38 represents a
C gﬁiﬁﬂﬂﬁ‘&‘ggﬁ%’%‘” RATfRIna's ?% PRy 5? TGRFFSERES RIF@MENHeations channel
q t 4t o d i 1. . . .
o O PR SRRt andie ] 3 TEARIL L T Gunications
chanieh olaydiengterpréted aghleorbrhslingwothérelanentiin thatomptumpatibndpath
btwbett en the encoder 2 aqa %gcoder 58 including, e.g., i
Stw e B ERIHCTRR P ds P Sdnsludipg - WRPBRAHC g3 caittral gircuitry, which
can affe@s&nafgdin agd
i A v o R s arrREbY QbR or 56. The
decodsp A8 camispdimeoms enibedimepiscloes) providadfeadbacks to thévdéemodulator 56.

| at " he . d | gt or..56 may for
A S T M T N
which féreugéd sofivakifds Q&ﬁ@ﬁ@‘té;}&/ rotésvad MR a3 RaBIEREHEE YK Yecision reliability

_ processed until a suit e degree of decision
is achicsierl b pemne thepdecedimgraten estteris ars satisfist hdhe dewutinigtisnsoghannel 37

' [ st The co ni.cations.channel 37_ . .
throug%(r&rg%ﬂﬂe mﬁ%ﬁsﬁﬁﬁ%% ﬁ@#zﬁﬂ% c rwgﬁlcrﬂ%ﬁg{oﬁpgeswmﬂgglléasuh 1n scaling
errors, Bigr, thkiisvahmdsatmn By \dembdilesy b6 niay b%C%@hélﬁHy t&d Tafleor too small,

.Q9.,, the soft values output by denodul ator 56 may be
c.g. c&s?s% Fhanngl attsguatigng empgecisp d GEheperationeang/or oghes faagors and also may

[ i: AR openration _andlor
it Ee%g@%%ggﬁgg g}f es%%‘??dnaogs@%S Xﬁlé‘fhs‘fv?’ie&?fl?gﬁ%d'
ot her than the distribution of values which were
t :Eansrri tted,. 15 For a gi.ven coding schenme and given
c KQh A 81veg §ating sehepasand sigenyihaprs! qgality; ssgumingzproper scaling by a
. i . i vt -0f.. f . L.Stri i are . .. ..
el YA kBBl LG QU B0 o s
varym&m?ﬂi prgdibtlalﬁb rp:n?dt ddmhﬁ'mg mnlrcher;neﬂw&i*ny{i ﬂ@lul@,rfoﬁhl alikelﬂmbl ofa
paricHEh s TR IS Bl BhhEls ors gt bbb chanel
capachiCdlseR8f &lﬁ@ﬁ&ﬁhﬁ‘@ﬁ“ﬁlu@@stﬁ@ﬁﬁ@ﬁcﬁn be p?&ﬁctgée. Channels having other

correspondi ng so val ue distri i ons can
charmg quailiest eduesChidimostespdnditd diffendtteets of befhmatlic disaitiutigns. Thus, in the

case oé‘%lgqlffeflg\ém{;alrl%)%go% {faﬁﬁgs?ﬂgwtm? ief tggélgt%t ?@%g{iqtﬁ&;&q}?ﬁ! Z'g gc?ft values at
the re€i¥dr t alpa@Rulak Ehdrﬁle?(?fasiit}b‘i'a@ué AvELh RGP é&ilh% WiRe,

di stributions of so alues at the receiver to a
particul ar channel quality value given a known codi ng

s cordance.with the. invention, .it. is i
R R N EN—
a predptegditied qualitgdev@l @ 4. | shahfdl @hpacRy,ts ,ex?fé‘:gé'éﬂeih t&AR&Falp¥eselected

as ex_J[or essed in ternms of a preselec
charnel quality value 66. This value may be selected prior to decoding, e. g., based on the

coding scheme used. For example, the preselected channel quality value may be selected to
correspond to a channel capacity which is expected to be achieved given the coding scheme
being employed. The preselected channel quality value 66 may remain fixed during decoding
for extended periods of decoding, e.g., for the life of the communications device 13 or until the
device 13 is programmed to support a new coding scheme. Thus, the preselected channel

quality value 66 is independent of the actual channel quality at the time a signal is transmitted
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channel quality value 66. This value may be sel ected

prior to decoding, e.g., based on the coding schene
waisedo7$es exanpl e, the presel ected channel quedT/U§2003/024730

val ue may be selected to correspond to a channel N

capacity which is expected t&-be achi eved given the

codi ng schene 30 bei ng enpl oyed. The presel ected

through éfenehmeiuad-tions Visdndel £@/0raycelvedniFarthérkesile, dhbhmig quahty value 66
for extended periods of decodlng

deCOdlmé; e. fo
does ppjeleprriceomA GCHEme MR aierping tigely pEethareais appHRd ta m@celved
: A EI@ to support a new codi ng
mgnaﬁ@tttéﬁgd uﬁ%?ﬁéﬁg{eg{rggggl ected channel quality val ue

66 is independent of the actual channel quality at the

tlne nal ran mttied WO 2004/ 079563
aza@ ﬂ‘l*ﬁh&a yHuesie begisedias $4d prsplected channel

quahtgl%ﬁfée‘l:aéﬂﬁgla&{ inf \53&?1%33/ %ﬂbocﬁﬁfaﬁﬁ%ﬁ?él@c’ce& Qé‘gcﬂﬁ)k?vgg g?lh{lfdye the target

oes not depend on unction
code klekmmtg dg.paakAdditiot Wariteg@aussiam Poisedd WGNa chamel. VIEitd the capacity of

Si in e Co ni cati ons 13.. 5 Capacity
the ctlaﬂﬂgéa{ gle pé)lrg Wheéch BEF OHpEnce pgt aqoag gc}pgveé ats lg%rgg poegformance level
(e.g., 18P raRlcR3 Ry BREEHIGRARNE For tHéJﬁérfderaH@t‘ng Fcan be, and

in various enbodi ments are, ‘sel ected as ol | ows.
Simulate the target code on known, e.g., an Additive
e .Gaus |se nel Fi nd. t he ca aci
ot B R AR e e f?m@?rgetaﬁ%c‘f%fetlngf IR Beragation then

scalir t@@ %aﬁﬁ%&&e 1) Heif&"oﬁea{t aely ReIdvREPRAS %t'tl@é’@ipaot(}eta%et slightly
-3 franme error rate) and use this for th

highep &aﬂéh%ﬂm%ed by wtaboy®methodas been observe d t hat
scaling data by too large a factor incurs |ess
degradation then scaling by too small a factor.

Thewl 18y earitd eRpartshie tiach ﬁl@bﬁlﬁcﬁdhaﬁsﬁithérhﬁatﬂﬁﬁé’@' c"aizlamty can be used
targ@t slightly higher than that dictated by th

as a ba#p i sptlingo dnemmssiblogxpmplsds deaghiabibtydsade i), Targs ..
preseﬁﬁttegtcﬂ A a&{gﬁl& QQ?%srarg %%?Jte& Q‘ﬁ%}(ﬁﬁs?egig és/cic%]l%%?ge %ﬁﬁtg%a@tc principle

remaih therseiealiinke this isaioné dle]mélthod kahgednse: uee § Freselected channel quality
pres Iect%g channel quality values, are selected and
€

value} Hafae enticat epnaehrargmetgtior ihrecods bringpsedhbityyighin pegt ergside the
rangeld18c&PBle ggblgtﬁgﬁnegrbgsv.gtﬁl?et OEhY QPtuhlSchtaﬁ?el ?%{efates the channel

use a presel ect u ue near
qualityvaluecaild chguiethe peerlmgefhcﬁbr Fhich tvshﬁld:ptdéudk@i sudt wededdibidibution

Wi t ust. out s 20. range of acceptabl e
correstRidngis vl otrachenel asdis “PRAEC o Fethis o efhralyes.

mat ches the channel quality value, and conpute the

scaling factor which would produce a soft val ue

d iﬁgstwiillﬂmdimussed deloss penae fiaptardo bhesql iesedlong sed whas pedduced by

dencf Y B e P B B D S eSS b e
demo&glatol B wess ﬁaﬂéﬁhﬂﬂ&ﬁthf&%ﬁ%%ﬂm@l which may be described as satisfying the
preselected channel quality value 66. That is, the scaling factor to be used for scaling the
demodulator output is determined by computing what scale factor, when applied to the
distribution of soft values output by the demodulator, will result in a distribution of soft values
corresponding to a communications channel having the level of quality specified by the

preselected channel quality value 66.



10

15

20

25

30

25 denodul ator 56 is generated under the assunption
that the unscal ed soft val ues generated by the
waletmatises or 56 were transmtted through a chaP@EUS2003/024730

whi ch may be described as satisfying the preselected

channel quality value 66. Thé- is, the scaling factor

to be used for scaling the denodulator output is

deTiey donpRichtioyn of GiEpdhle Tgotttathessed Baskach Mo divkiBBtion of soft values
plied to the distribution of soft val ues output by

a
outpyt %& thredrsenduiaterrand\ihe prepedegied channel quakityrvabietqas e perfomhed using any

i-na. t Ini cat.i ens nel .
one of 1 sFRGERLSSFPIARS SIS AR o iven e
of unguategisdofoiabis, ahaltiptl chemiad] iqtiylity ablues, Gach ¥ihe ARl 9bdel quality
PCT/ US2003/ 02473 -9 The conputation of the scale
valueg gerespondyng & 3,didierend petgnbel serlinedpetor.i Itarpeatiesn isghgnused to find a

chanﬁcé‘lﬁ gﬁ'ﬁﬁ?f vEIE Bbtively tkfenﬁulﬁggéqglgh%g ﬁp%l?cggraﬂlgg ?Nﬁnlgc%}%/r%&%)ﬁgs to the

nnel quality value c
preselsbtedemelitylvabier dhglstdlimgviactor ¢cemsporaliigsto theimterpelatediquky value is

i nvol.ve, canmputing, for given set of unseal ed soft
then defgrpined i Sﬁféﬁﬁeag%fﬁﬁﬁ ﬁ%ﬁleqsaalﬂrf& clog fqesappligd fp e sivea set of
unscaled dofdlafueghannel quality 5 val ues corresponding to a
different potential scaling factor. Interpolation is

then used to find a channel quality val ue between the
rresponds to

O T A ARV N TR

the soFOVAlI@ERAMH BY iHeQlcitRul 28R FhhrRsb1SHE dHa¥nM ubiBty' ilue, a channel
then determ ned and sel ected for use as the 'scaling

quality funciiontpdiermipest fremt andnitinbscgleviaetos and asfleastionsea] thelunscaled soft

\; 10 ol N ordance wWi.t h _anot.her techni gue
vatuef Bt A e ST B S S et o R g ganee of
scale Saetdrs adrudtclothe ptilizétyschRefacteMAUbHe@ ko w#Y. T8 initial scale factor may

presel ected channel quality value, a channel quality
be somghetiaphitrpLy spocat mersbHseryesias arstaring peint omivehi¢hatheseale factor that

. e val ues. out put

s o o B8R 100k B IBBALELRShlor YOLHER O Blbumntcae
factorpiserslplstedtaad fluictivnf Kl eluck Dugmabe tHealehids1a@te T accordance with
Hgg%ﬂtlllzed scal e factor is allowed to vary.

. _Whi ch ved _
this pagiguiap, mgptsfhe defermgied guplityiphannaldyetion iy splvaddp yetermine a
le Bl Svtidh, WRR b Ny es: . St i oj nt ome:wWhi. ch
soale HRF 1High, RPLE pI SR Y S HinhoR el YR of AT IF goneratea
by theQlesnoduiater, ptoduegs(thé pdsdertdcHannslaualityefatrer ed to as the
current scale factor, is adjusted as a function of
the soft val ues output by the denbdulator. In

age a0 aReLeMbddimertt ScHafhdl iq%ﬁlht?rvamgﬂ%@ﬁgiggtt{}g soft value scaled

determ ned qual ity channel tion 1s
by a sele dactarndeterninedsinaiceorflameovitiwhi phgsemttiaventipn) is edmpared to the

preselécgrlﬁcg Plf%ﬁl:lj’lgglt &L@Etytg\lw 11662 & %ﬁg@%{g?fg%pg{ﬂﬁpgazpﬁgé%o eY §au|bl§|eeqsuent softvalue
is adjubkedsR|Sfh@fbnWTARY BttefibiRba Hiffetéce. g, to reduce future discrepancies
between the preselected channel quality value and the channel quality value corresponding to a
subsequent scaled soft value. In accordance with this approach, adjustments to the scaling
value used on the soft inputs is changed over time, e.g., with the scaling value being modified
for each soft value being processed. In various embodiments the size of each adjustment in the
scaling factor is kept small, e.g. to less than 2% of the maximum step size value and, in some

cases less than .75 % of the maximum step size value to avoid wide swings in the scaling value
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In still other enbodi nents, a channel quality val ue
corresponding to a soft value scaled by a scale
w0 amior9sedlet ermi ned in accordance with the preRBenUS2003/024730

invention, is conpared to the 25 presel ected channel o
quality value, and the scalifi§-factor to be applied to
a subsequent softvalue 1is adjusted as a function of

with eacit adpistnent asd tokdcbetge canvetgeice of the E@ﬂiﬂ% Eadtot telaonsistent value
di screpancies between the presel ected channel quality

over Yi¥fye and the channel qual ity value corresponding to a
subsequent scal ed soft value. In accordance with this
approach, adjustnents to the scaling value used on
t Whiebised opetsain Sbsﬂnw@?sl ogﬂrerna?drﬂef typilgzgl cofnwhtlﬂﬁc&tl‘tﬁls channels
scal .ng val ue heing nodifjed 30 for each soft val ue

and thepex “%%‘@ §é§%ng| ‘%P?féjf%ﬁblﬁ%ra"éwfrﬁe%@ﬁ el 2, DBE codes and

tur ' i he: [ clar. . L.,

oS58, B g By A A A SRl A

applyingch scale factmeas wratsefa deesding Ipaovesst5 % of the maxi mum
step size value to avoid wde swngs in the scaling
val ue WO 2004/ 079563 PCT/ US2003/ 024730 -10 with each
adjhd Hreeydint @E‘@bie?va@i@ﬁ%ﬁbﬁ‘lgﬁi&ﬁﬂH ﬁfv@ﬁﬁt "&Pis%%@ﬁefd?% tggt?é%ﬂgrfonnance

factor to a consi St ent_ val ue over I me.
curvey for@pnpmedennsterativeicodingsstee whidhuare saling ppandknt, are steep. This

' i,ons channel and the performance of . )
eGSR 5, S o] 30 PS5 IRRE G Sster i which i
perfornidice 60thesoding s?;été!rhk%ﬁa S, e, IWESEIM orkPMERLD 0 i ime error

.directed to nethods and apparatus for determning an
rate isglatiyely gmalls damesticagssothe sedipasysteh isinthadediforize ywed s sertain

prtorBet i, 0 Qoo BB U BN " e eror e o
coding syst@s., Thismenan yhanTidediinneriedtionssysash MeenSits teRBintdh ERannel
are scaling dependent, are steep., This neans that,
operaligeopidEtpng Slosg toythose hal &V e tipbieal 0 dermes errarivater aRays, st us refer to
the raf GBI GhnRA : ' | rfaormance of .t he
©ratod: ng systE %ﬁ%ﬁ%ﬁa %@thyf@%%é&g.s,yﬁ%-Pfr PUgce & ¢lgse to the target as
the crititbregmnl Oa this caer,sg_ﬁaritioilty of Fdrforinandeab %gtii%@cidh %ﬂ”fﬁé Eca(ljé factor is

. t ses, .the coding.systemis intended to be use _
hlgheﬁqg"’shﬁn g%r 9k} CH%@P# %ﬂ“ﬁ’gW@é apeflge to thecriticehisgiops e lshannel is
much ok tB&T R LFitiOAFBAGE th ing-R-ofteh i e FARARL ;

" “the 15 coding 532%1 em %%ghrﬁégnoéﬁ : ﬁ%%ﬁgx{%é sifce tE decode i very
likely ¢ofarhanyway. 16 tre chysied in mutlebeites tHon theéritical valehtaAtaling is not as
cﬁﬁa@ eratinﬁ%aon Ltions close to those that give rise to

. BFPAME OB rate. Thus, let us refer to the
range of channel conditions such that the coding

s¥sten1perfornance is close to the target as the
cThe metiod od gheqmesenhinyeitionomsenesshaighe cheinhyl iohiear the critical region,

rfo n to est. ion of the scale factor is .
cg. R NITE e Bhaeh Gty Teebiartd s cafe bBreRsate scale
factor basctifv@ thisiakdu@ition @8d e mis@al&@%f?fﬁgﬂtn\eiluéss VOWIYSlbw how to do that
worse than the critical region, then scaling is often

below; [ithe ghamel isingerdhe praticsd ragdes, bikstilleinyan acceptable region, then the

assumption is correct or nearly correct, and scaling will be correct or nearly correct and,

furthermore, the resulting performance will be the same or nearly the same as if the correct
scaling were known and used. If the channel is much worse than the critical region, then scaling
is nearly irrelevant, as we already pointed out and decoding may fail but this is likely to occur
due to poor channel conditions anyway. If the charmel is much better than the critical value

than scaling based on the use of a preselected channel quality value near the critical region but
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likely to fail anyway. If the channel is nuch better
than the critical value than scaling is not as
wa@eootiozeb3 t o successful decodi ng. The net hod OPCT/H82003/024730
present invention assunmes that the channel is near the
critical region, 25 e.g., nddf the edge of the
accept abl e channel quality region, and derives an
still i P beRptablcSresioa vall stil G pdeREREnRMbetthi thaREReMpitAIGANR) Ghich in
the unscal ed soft input values. W will show how to do
variopygnbodimienis is the target p@h’fgﬁn@ce, dn faskin sorae applementations it has been
[ re
obser(fgcgfh%{]§ucgl&a1§1tgcczlglr1 raléﬁgl ég? f)%%g%lragl%egllnqﬂ% %cg Icqggeéll eirt]%r floor region
ofaanhhvbemﬂﬁgﬁﬁmﬁnDr nearly correct and, furthernore,
the resulting performance will be the same or nearly
the sane as if the correct 30 scaling were known and
u f I 2 i1 iGalk
- an noh'rpdaf ERRARA fol erfPillha LA 40\RNR bl Ftous
embodimﬁﬂsj(yf the umteﬂﬂomuﬂe aamiiue:kmsmﬁih)mg, dmycdrdsportilifig, tdil® crisical region

ly to ccur t or. channel conditions
that dﬁﬂ?}}ﬁé;?m}aﬁ X weon,lﬁ o Fq distE Dt ol tmagniies of Ri@perly scaled soft
value§/d.g | f6 L1i¢Bh U rali nT a%ﬂv@ﬂ a%?u&%oﬁ '3f H?ﬁt Witydfiesd -8, a set of

presel 8cted channe e near the critica
Incorreetly mlmﬂpgmﬁWrGﬁ% 6&n§’ﬁf€$ WS2618 34ad@4wkhioh, which applied to the

in, an acceptahl e onW| r f or manc X
unsch BB AR Brles 2 SRR bblogdiKelihp & 1o o Gl rgRS fie in the
critic&¥egieh, %"t $ dis@ibufien %'icgleéorﬁé%cfn% PG PresbRefed %Banrﬂep%uality value

sone inplenentations it has been obser ved that su

used @c@ltdrmgnecfhﬁ seede frator yo berpsedv dhp erifiosl regiom miap belespressed in terms of a

range o(%s ﬁg}ﬂef} a@@ ﬁ%%\?@ég%?%gﬁﬁtggg%%a ett ﬁ:ilat | ¥Fﬂlﬂgy vgl%e falling in

the crﬁi‘oal tegfbnashitle 561i¢sPERsAE Q¥Eopt ¥ irtéissRIFIRGHoRMANGE Hik is close to the
the invention use a val ue describing, e.g.,

area wesire thesbamnch guality bespanesrunepesatableegi on  t hat depends
primarily or only on the distribution of the
magni t udes of properly scal ed soft values, e.g.

| Sl viakedsiobpatbdrfain 931gn3h%nsnﬂitéd€tﬁr@gﬁ alchgel Hé‘vn@é a particular
i nput .soft val ues, set of 10 incorrectly

quahty@a mshicatesty 3 R@FW%@%@.%@IHYC‘@W@#@ locue phigiewler value
dlsmMio‘flE é/\’h t@QﬁJ Etﬁqlér%n‘fo fit o lﬁglﬁ c& nggﬁ%oﬁt value

createssa dist utiton o
distrimpjpaawill oodréspondita dhannel rquhllltglazlahfeagAqﬂuraEtyg)f diffierent soft value

di stribution which corresponds to the preselected
distrijufions aprogally| GoprpsReRd e 2 stnglecregnc) Gpaityvale, k(igieal sets of soft value

distritRfoh®will Qorli’@spHﬁc?gr dlﬁ?l%n%ﬁahh&ﬂu% 92815 g?}{ls% t. 1% 1}1/sed in accordance

expressed In‘terns range chann

with the bresentwirtentian,go (ds‘leimmleackpalm&fhctot tortgpatsed ahéﬂsmbed below.
quality value falling in 15 the critical region which
corresponds to acceptabl e transn ssion performance but
| Thehvagsud Rethb& oﬁﬁ@ﬁre‘é‘ﬁﬁ iRehfi6n SRR orfdéRair properties of typical

becomes unaccept abl
channels. These properties 1nclude the fact that different soft value distributions can be

expected, assuming correct soft value scaling, given channels of different channel qualities and
the fact that these different channel qualities can be expressed as a channel quality value, e.g., a

Shannon capacity value, which can be used in various computations.

Let p(|) denote a memoryless symmetric binary channel. Symmetry, in this context,
means p(yjx=1) = p(-yjx=-1). Let f denote the density of the magnitudes of received log-
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Soft val ues obtained froma signal transmtted through

a channel having a particular quality as indicated by
w@2@antiseul ar channel quality value will tend POI/OS2003/024730

particul ar value 20 distributions, e.g., due to a

particul ar amobunt of channel-186i se. Accordi ngly soft

value distributions will correspond to channel quality

likelikédd@fios Asspibifedlid this danfléll TRERThe Bty Staintién capacity, e.g., maximum
di stributions normally correspond to a single channel

rate gt P Sl 1 DS BRBeb By K G E s here

qual ity values. This fact is used in accordance wth
the;present invention, to determ ne a scaling factor
z(x)t:e—llse— aaédzlaﬁlednmmsmmpydahawm &Findthes vari ous net hods
ofl ftéhe present invention are based on certain
channel These ? ertles

W) PeoSh ERD IR T SRR iyt Af SRl GRSt % o, the
m'clgn‘i’t'uatlésr 6%%&&5@8%8@?]‘%}:1% ﬂggt ed, @g&??ﬂer o qT‘EIQIrtB%Fu tlﬁﬁg the log-

val ue scal i1 ng, qgi 1S o channe
likelibomd fatip @ssoaiatkd tofbét ifimatg. maanstm&&ieLDPCfoademrdc Héa nfelknown then we

h I I
e BB B ISP 5o S e

1 in various conputations. Let p(l ) denote a nenoryless

Zﬂyﬂﬁl@(w i 2, D) naSiyniletignifidie. chaymatreapagity Cnweteikaownvesoduld solve for o
i=means p(ylx=1) = p(-ylx=-1). Let f denote the density
of t rragnltudes of received | og WO 2004/ 079563

usmgP@-El @0314(9% @)) ’ﬂl?e basteatiéd R @iht iothb BResBe&e8 bRdRE] qiRdlity value

this annel . en t he bi nary Shannon capacity, e.g.,
maxi num 00 rate under BPSK si gnal lipg, of the
C is hRegAPPToRsiaRlYs&re-hipt tspme tafest &apmlt}r Ct epeisangodreethe above equation

to ﬁn? P }m(ﬁ?lggé%y Hﬂﬁlebﬂl@ ?Ja}‘u(lg FJC'EC?P Yk ld@i%&‘hfﬁ%l g&{h{sag %‘ct@rscan then be

used mChb\the soft mppt Valfmlto peototethe esogled sbdjl&:nEe n@gn Iotty{.,l dﬁh&hﬁﬁ then
where yj is

prowéacfJ f: éc O(I spfk gg‘rtsto Ytah?létlé{eaglge dpqq@g{ i W@S@t}p%{s, gone i’ accordance with

one o?%'n%&? Elm?leHiehts of kifb 1n€?1rﬂron fheh @Qx@éﬁﬂatnbg gr ﬂhpla%coder will be nearly
codewor a |Is known en we an estinmate

the sapwy aseshonttie ogrredianmet acfualy knowral Bietheemgre, thisapelndiiqye @b be used

gy D o Sl Bebrden o bk o
magn®Q8éschiIRé 162-K1Mih8od Rtibs 1This is because it has been observed that if the critical
region is described in terms of a channel quality value, e.g., the Shannon capacity of the channel,
rather than typical parameters, such as s® for the AWGN channel or the cross-over probability
for the binary symmetric channel, then the observed critical region does not depend significantly
on the particular channel and can, in most cases, be nearly uniquely described by a channel
quality value, e.g., the Shannon channel capacity. Thus, a good choice for C' is nearly invariant
to the particular details of the channel and depends primarily on the particular code employed,
provided the code is designed well and has a steep performance curve. This invariance is
particularly useful in situations where the channel is complicated and can change quickly in

time, e.g., in the case of wireless fading channels.
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nusing C-Z (1- h(z(al yl1j))) . The basic idea is
that if the presel ected channel quality value n |I=1
wao@orsexhosen appropriately, e.g., set to SOPEI/US20g¥024730

capacity C, one can solve the above equation to find
a, and thereby determi ne thel3caling factor. The
determ ned scaling factor can then be wused to scale
t I’I‘hesn‘?étﬁodsrb(flt'ltle M@édﬂ?ﬁw&ﬁhdﬂ WHLEEY bbBeseeibbE@ith eEfeHNCE 18 Figures 2-
yl... ay" which is then provided as the scal ed soft

4. input to an iterative decoder. Wien this is done in
accordance wwth one of the various enbodi nents of the
i nvention, then performance of the decoder will be

NEag, |Wlllﬁ§rétékean&ﬁiﬁerﬁﬁ1tmwﬁdﬂe a eedling dhctér mgemeraeﬂ et d glven set of
known. Furthernore, this technique can be use

input vakyas d0Baxa Mcnwﬁwéseé?ct%qhﬂm 13 1"&’W&H¥?é400 ©8¢ 2 channel
f the distribution of the magnitudes of
‘”P“?quégggﬁé €;|hood ratios. This is because it has been
observed that if the critical region is described in

terns of a channel quality val ue, e. t he Shanno?
c dpateptlPoohe npaut g]p}sgqﬁ@soft Valyeh K- tﬂ‘raﬁ)zt 9&, output of a demodulator

56, m%@@%%ﬁ? ’tar?é’c“@ 139. a?gugzeg ]p}r& t h\é@gﬁe‘:ﬂa&[}f‘ﬁlb P%i?dgby solving a

Cr oss obabi i I nary sy
capacitfagti@htiort ét{ijatlblh ﬁ)rOd@SGS VE&He capatity adtini#@hequatimswiioh is solve may
depend significantly on the particular channel and

be expregsediag fopsYs: cases, be nearly uniquely described by a
channel quality value, e.g., the Shannon channe
capacity. Thus, a good choice for & is nearly
invariant to th sparticul ar details of the channel
and depends §rr QyJﬂﬁt%hb| rtlcular code enpl oyed,
provi ded the co de-i s desi gned wel | and has a steep
performance curve. This invariance is 25 particularly
usef ul | n situati ons where the channel is conplicated
andharaf’ Ishhmgtesmut chdnpel quality m:lue .. chainel tdrgeteapasityf i is a count

| ess fad nels 079
varabf pigaso S RS0 B4 S FIE R RSHEOL 100 (EPp} sk ghp soft symbols and
his tm&wﬂ R0 \vmﬁé dlaﬁ%@&l 205661 ERfbspbriding ©ftBE @cﬁ?&?oﬁ(ﬁng coding
Figures 2- 4. Fig. 2 illustrates an inplenentation

functigmarsed.a scaling factor is generated for a given set of
5 input values 102 as a function of a presel ected
channel quality value 100, e.g., a channel capacity

t W&&tm\é?épqq 0Q% 108 s $e@ o 33 thé ﬁﬁsdaléﬁ%bft%ﬁ@@klled 501102 to obtain
val ues yl,...,y" 102, e.g., the output of

scaled eofib stelbest @y, ...56 yn Ahd Tlhﬁescabpaofttvylueaage,t St ynlDlol asseming

o R B A e SRR S B Yl Ry

decodRNALhE YefivE ABblesEguat i on which is sol ve may

In addition to the general scaling method, we propose two practical methods for input
data scale adaptation based on channel capacity matching to a predefined target C'. First, we
define the function g by g(x) = 1-h(z(x)).

Figure 3 illustrates a scale factor determination method of the invention which
determines the scale factor to be applied in a single pass over the input unscaled soft values y;...
ya. 202 as a fucnton of the preselected channel quality value 200, e.g., capacity target C' for the
code which is being used. In step 206, magnitudes of the unscaled soft values 202 |y1l,...,|Vx|
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be expressed as follows: C = - 1 (1- h(z(al yl1 ~)))
nj=1 15 where & is the preselect channel quality
WO 2004879563 9., channel target capacity, i is a POUNS2003/024730

varabl e indi cating the nunber of the unseal ed soft

synbol in the input set of nl4oft synbols and h is

the known soft value distribution function

! NGl

o eESSEESIIELE S LAY NI RO TG i o
capacities é}xtfards (ﬂoﬁd)re\daﬂfe:rest sghle factong'o @04 (Shogemdpd ﬁOV@'@éle@d a portlon of

sof t 12. The scal ed soft val ues
anexgecit,ed range O% 6}/ falge b%@s%rﬁof{%w S-appropriate scaling,

will be, in one enbodinent, |og-Iikelihood ratios

whi ch can be reliably decoded by the iterative

decoder 58. 25 | n,addi e general scaling

nmet hod, we propoé%szbnggﬁde nmet hods for i nput
dat a scale adapt ati on bPased on channel capacity

mat ching to a predefined target Ct Flrst me define

the function g by g(x) =1-h(z(x)).
i TbgatipAtep208, @@gsten@tsé@roﬁcalﬁef@@rrﬂﬁ ﬁ%ﬁneé@mlém&cﬁ%mgtfwtwn e.g.,

asa fﬁrﬂ:‘ﬁﬁﬁ%k% lﬂ@éa‘i&l ;l{}t FRIE IS pﬁ:C Qbﬁd bk gﬁ%r cg‘gelqﬁverse

e pass over t I hput uns
1nterp‘vbﬁit1kzbﬁ $s p’erformed ymestifﬂﬂﬁe te saalé tﬁamdrﬂnatdimg e t{alrrg.e’s«%ﬂpa(‘,:lt§e€ilt An
channel quality vaI

alernpigys mOis GEAIR Esibed Dieh g siSCTpes 1SS implement step 205,
is to tgﬁ.ﬁ%tcl'}&ﬁ&eﬁ{s %@%@ﬁlﬁoé A% 8tlt 5OE fMl?dtl‘dﬁggcgg)zas a functlon of o around

..... 79563 PCT/ US20 24730 -
each pm;dlblefmgmaptacand yhenaavgege Gen? G(I)E;r thessaméd; tInvezrsmqmﬂ;mBOIatmn may be

lity of channel al t
done Bt divans s & SHEFERAITE drresiahiative Hpaties byifs detpeafibag ' ©°

addltlgﬁ,}%ﬁ?@t%tﬁﬂ/sﬁ@tvcﬁ;era@itonl ?ﬁééap%l%bt%h é{ﬁ or ﬁl@ c@éﬂi%?etn%dof the fitting
range of actual val ue of a)

polyngfragl ckn,yankd)ih some gmbodihsnis are S@Ire(bm.z-ol@okdm@bbsmlné@dem memory 60.

i ppEE SRS R R ST B ol gpanster
operatihd|es reffiRd eﬁehatem BEd1@ factor &7 005 oblaBlbe bis OHPE! from\epSMS. Next,
interpolation is perforned to estimate the scal e

in step 242 0r21/ds visd rig sealethe ansgaleddapdcottyales yian -y 202 to obtain scaled soft

values ay1,...,0y, 214. The scaled soft values ayj,...,0yn 214, assuming appropriate scaling,
which will be in the form of log-likelihood ratios in some embodiments, can be accurately

processed by the decoder 58.

Fig. 4 illustrates another method of determining and using a scaling factor in accordance
with the invention. The method of Fig. 4 is well suited for use in a system where soft values y; '
are processed continuously, e.g., in a turbo equalization scheme. In this case the scale factor o
can be determined using a control loop. The error signal in the control loop is determined by the
difference between the preselected channel quality value, e.g., channel target capacity, and a
channel quality value corresponding to a scaled sample, e.g., sample channel capacity g (a [yil).
The error signal is then filtered and applied as a correction to the current scale factor to form an

iterative update process. In this may be done as follows:
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10 alternative and nore accurate nethod which may, and
sonetinme is used to inplenent step 208, is to
wao awahzases coef fici ents of pol ynom als that fitP@ES2003/024730
function g(a x) as a function of a around each
possi bl e argunment and then auérage t hem over the
sanples. Inverse interpolation may be done in
had;dwege- a5 o EUfcCeEsty, apRER* B kicpRiddFatdten imikfequations
el ementary addition/subtraction/shift operation. The -
can be ised With, §-gnditiest ypyate ptep piges e g lomedde vetyeetween some
i ttdi.ng.: | i.al , i . i S . .
presclgcd i PEABIILE VSO Bl B AR Ty FERAREUR s seected in
varioli$ embodineaishd be ralatpety onatl, tely. Sesahac %oy f ey mpakiadun®Nalo of o and,
. _the fly durin s¥ tem data transfer operations. A
1D My rGasRs esééﬂ“n&"é’ TR $zg 0.2 210 is obtained as
output fromstep 208. Next, in step 212 a 210 is used
to scale the unseal ed i nput soft values yl,...,y" 202
t ollobmeithoddes e ddditibnal adednives impirbo equaligiticilsthembeas it can maintain

v B R BBt S gt
feedtaBl obrhif@! fdH0 At réadincQRcddir SRR @9@ dipept s, can be

accurately processed by the decoder "58. Fig. 4
illustrates anot her nmethod of determ ning and using a

o5 B0 oSS GEP S0 i albed DEl S St
procegkifs & S6 B0 RkMEsg ¥n ar?SutPhit A ARSI LHAM U BUE! The unscaled soft
in a turbo equalization schene. In thi's case the

e.g.,
valuegy gp@ anche prsselacted phasaclarabibnialies egsiGagacityc Bargetolor h gojen code C*

s00, {3 ES0F L2 B BT bAORe 5 ST e i

step rgipbe parforalet By acfiler impRARARK ik Birdeiarc: ARRCAltet us@ih sBep 308 is a non-
hannel qual ity val ue corresponding to a scal ed

linearg@ﬁgﬁ]éqt sgl_ves_ for $hgople fastanmal 0 anphuictign of the spi} values inphthereto and

e pRSSSNEUAR, B4R SR BRILATE 3 promed na

per-valuebadis wéthgpaiabbadjumests being niddeSonayh bample@odssed. The scale
foll ons:, V\q 2004/ 079563 PCT/ US2003/ 024730  -15 a; +i = )

factora m@yg)%ﬂmg? Iy sqt ¢o 2 ppdetermipey] startipgayadueg eigs 1a and epnugraes as filtering

a i, el [ i o

o ST of S48 S QRSP BR Sy

contribatiow eml swmprresit ts€1306t dficapheitynaomirituti omasiangemtheal Ciethe scale factor
The scal.e factor adjustuoent step size is selected in, |

o 310, G5 FEChBRt) e AR OBTISEto o shiayen (o the Scalefactor gisgincreased.

Next,ltélkﬁﬁerg % 2l iR BIAMMNEA R Plscdle fe[&gb.r ﬁq%%{i@?ﬁggﬂng step

ess than | % of the naxi mrum size o
308 barthadebceled seft valde ariGdgesiliing inrdrsvaled saft ivalut icon 3 54 hSewds soft value

o e T S5 B R SOPRELEY. oe xi
soft i@frh4tiones 1BCAte?s ﬂfe%ﬁﬂz?%k 3@43%5}9 if i PROREH 838 2w unscaled soft

decoder extrinsic soft output.
value y; 306. The new unscaled soft value y; 306 enters filtering step 308, where the filtering

processing previously described occurs, in order to slowly drive the value of scale factor o 310
to the correct value. Processing proceeds again through the scaling step 312, decoding 316, and
equalizer step 304. The looping continues until a satisfactory scale factor value o 310 is
obtained. Then the scaled value of o y; is used as a log-likelihood ratio by the decoder 316 to
generate output 320.
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10 In Figure 4, data fromthe channel 302 is subjected

to equalizer and/or denodul ator processing in step
wa@eb40Esed ti ng i n an output of an unseal ed sof PCWEHE2003/024730

y; 306. The unseal ed soft value y; 306 and a

presel ected channel quality aétue, e.g., Capacity

Target for a given code Ct 300, are input to a

fitregiB s wd ﬂ@se’il@aa hysthof the GEREH0A O, L«m@e %()E)hﬁl S%@(g)) with h

factor a 310 he filtering 15 step per f or me

bem&;tgne bllfary ?férOnerpméWén]@(é&J =i (k- mlagz(\haca e. qugzé()f amd “x) Gdddte" )
coregRl e 0 30800 BT Ll S AR YRRy Wl i

randotalviiésble digtiibutddesetiomagdtude bé 1q-Bisdihecd edios hssopRted to a particular
qual ity value 300. The filtering performed in step_ 308
chanmé hen %@%@t%vaéue Heg(x 181 the(biragy sppi Fhagremyeapacity for that channel.
adj ust ment s bei ng nade for each sanple processed. The
scale factor a may be initially set to a predeterm ned
St'Bitet dboge dedctibed methods ih,ay bedmplementegds aasniputer ysterg that includes

ey R G526 o e P Db e memry
1nclu8§§“'at ol Eﬂé 1 eﬁ@ﬁjte& HRRbREnéS witR tifd 1n§QRIoP épéc%bﬁ%d the routine
contri ut| nis larger than &, the scale factor

caus@ 1 GPUto bereivegpimedks, arfd lenu&cdatayn @cairdanioe twithrthe present invention.

Alterﬁ&[rtk?\.feﬁﬁ ré]yeet mh . ogéliét ne n? frfy:elgtéofrglgl%}g ggﬁgél%{nhlgt%a zlrsa%g %aﬁicated hardware,

e.g., SifRi8 ah@6f #bo@biARoPoH IMwArk QN Ebik &l Ng step 308 by
the unseal ed soft value y; 306 resulting in a scal ed

soft value a y; 314. Scaled soft value 25 ay; 314 is
i nt r .316, whi ch out nsi c.soft .
B oDt B2t P oad iy bafus ity Pieliia 9% el Sigaicty of
deco@iﬁg @dchinigies WHidA lat Z®peddiht ¥ Sdafinkt Ek8mpled 6€ SR dediitiedinclude
new unseal ed soft value y; 306. The new unseal ed soft

LDPG deensing a@m@ﬂ%@@ngﬁq%ﬂﬂﬁﬁg step 308, where the
filtering processing previously described occurs, in
order to slowy drive the value of scale factor a 310
to the correct value. Processing proceeds again
through the scaling step 312, decoding 316, and 30
equal i zer step 304. The | ooping continues until a
satisfactory scale factor value a 310 is obtained.
Then the scaled value of a y; is used as a
| og-likelihood ratio by the decoder 316 to generate
out put 320. WD 2004/ 079563 PCT/ US2003/024730 -16 In
Figure 5 we present the graph of the function g, where
g(x) =1- h(z(x)) with h being the binary entropy
function, h(x) _ (1-x)log2(1-x) - xlog2(x), and z(x) =
1/ (1+ex), corresponding to the use of Shannon channe
capacity as the channel quality value. If x is a
random vari abl e distributed as the magnitude of
| og-1ikelihood ratios associated to a particular 5
channel , then the expected value of g(x) is the
(binary input) Shannon capacity for that channel.
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The above descri bed nethods nmay be inplenented in a
conputer systemthat includes nenory, a CPU and one
WwW@eooa7%63 nput and/ or out put devices coupl ed tPCUEUN®N3/024730

The menory includes a routine inplenented in

accordance with the inventio#7-Wen executed, the

routine 10 causes the CPU to receive, process, and
WhaPtidlcpithedlat a i n accordance with the present invention.

Alternatively, the steps of the present invention may

be i npl emented usi ng dedi cated hardware, e.g.,

Ci Kcuits /or. a _conmbination of hardware angd, . .
LSRR SRR s SRR e eReROBe e Shiaingg fom o signal
transfdfittedBiough dichbgamfra¢atiese cinhél, as et bl Jecolling broddes; @ mMethod

techni ques whi ch are dependent on scaling. Exanpl es of
compIsElIE- t echni ques i nclude LDPC decodi ng and turbo

de ' ' 407 730

G te R Ae MoLRRRERAR B ST e iy value
and a3 pgast g WS siid ssftakRies,ahid pregelictedadhugse] il Relle bbingimdependent of
actuaii ghal, 2 transmtted thyough a comruni cations

Raawel conditions at the time said-Beiah iy ap haewaitied;ad net hod 3

C 1 Q] . . i . r i 0

Ryt iSRS B T <o BhEhgE ifproduce o
scaledtsoft@alge. one of said soft val ues, said presel ected

channel quality val ue bei ng i ndependent of 6 actual

channel conditions at the time said signal was
2. Urensithb@8f ciafd 1 'wheln a[‘%ufé‘ﬁ?y O sofiRathcSRittipiRddiese  possible, a

using said conputed current scaling factor to produce
subse of Bosihdé suft walfie distxibutionslcaresidnelingetotseid myésetdctadrohinnel quality
Valu%%ﬁjiqe @B%r?pdgLig%acg%}%iﬁlét?&g?c%%ts@\égé| eo Isr?c%ﬂab% fﬂélgﬂtsﬂr V%liuees, said step of
comptiBk hlchHEMQBSliOfERs RRAMIN to said presel ected

channel quality 3 value while other possible

di determiyuing e sealmgrfpetonwhichs when dnplicd rrasandiecgived safy values, produces a

s Yl i Bl s TS R B TRl it presei
chanitdligaflitywhk®e. appl i ed to said received soft val ues,

produces a 6 soft value distribution in said subset
of soft value distributions corresponding to said

. . it | ue. . hod
R R T R

| noinyaEag fidncatpast soige 6f @id @ift inpaistahsl meplahligedfEhaafe quality

i nput values a plurality of channel quality 3 val ues,
valueseagh ehamgbquaditay alug corggspending o @Eigenhgpaldfagtor.

di fferent scale factor.

4. The method of claim 3, further comprising:
interpolating between at least two of said plurality of channel quality values to produce
an interpolated value; and

determining said current scale factor as a function of the interpolated quality value.

5. The method of claim 1, wherein said preselected channel quality value is a channel
capacity value.
6. The method of claim 3, wherein computing said scaling factor includes;

determining a current channel quality function from a first scale factor.
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1 4. The nethod of claim3, further conprising: 2
i nterpol ating between at |east two of said plurality
wo@booghzassel quality values to produce 3 an  PCT/US2003/024730

i nterpol ated value; and 4 determ ning said current

scale factor as a function ofl8the interpolated quality

value. 1 5. The nethod of claim1, wherein said

presel ect ed channel quality value is a channel 2

capaci val ue. 1 6. The nethod of claim 3, wherein
d\%wwtﬁ 9ﬁclalr@éafurthgrqoamr@mg ncl udes; 2 determning

2 R FBNRP L B MRS B ARk W335 pnco

givengaidwrdest sarh@idtt Bipuf vHlddsepro@u¥R khiditiget chaffdl \Guility S@idldetermined
function to deternm ne a scale factor which, when

scale {01 begng wsed a5 gaifl GHEeRt§pal gfagioren said at | east some
soft input val ues, produces said target channel
quality, said deternined 4 scale factor being used as
8. S di'te methodof clsinal ewhaeinateterhiring theeurfehtwedledhctod idiphit 3f a iterative
rej ngl?leterm ning the current scale factor is part
Proceé?t UIncdss'i ve 2 process that includes: 3 updating

< E%flgﬂaﬁ%ﬁ@ Rt Ralb 35k as %Sﬁlﬁctf k{rlﬁ‘ta' B vafuedcsied BYY%J éﬁ%ent scale

the current scale actor beilng update
factoﬂbeiffgmpdmdwod of claim 8, wher ei n said updating
i ncludes: 2 conparing a channel quality val ue
corresponding to the scaled soft value to the target

9. 3 THeahdthyd ¥ALIHEN BOWRGER SHdNB &t fnfREENCe between the
target quality value and thé corresponding 4 quality

V aomparingd CBalmcb] aelitygalud eormspdmdm% foethe scalebsodit value to the target

0 f sai ter difference 0.
vy B Rim i e HEtERE bR caating (66 Ayl and e comesponding
quah@dmu@tgﬂiln a direction which reduces 2 subsequent
di f ferences between the channel quality val ue
c sdiustng Hi seglingolagtos abhs Bmgten pisadl detersunedbdiffseance.val ue
and said target channel quality value. 1 11. The
met hod of claim?9, wherein scale factor adjustnents

10. arfhenBeiBod\bf dlhifn 9, WidrEia sgidexile fubidids bghyee  Adii€stiolWhich reduces
perm tted scaling value and a_m nimum perm tted

Subseﬁe%nt dHépronaes betwesn ihephpnepl gralify yplic caremondiag be & sebreguently
proceg%(i'ggft%lde%ggﬁldttmgt AaflBx! U Jgust ment step size of

11.  The method of claim 9, wherein scale factor adjustments are made within a range
extending between a maximum permitted scaling value and a minimum permitted scaling value,
individual scale factor adjustments being no larger than a maximum adjustment step size of 2%

of the maximum permitted scaling value.

12. The method of claim 1, wherein said preselected channel quality value is a value
corresponding to a quality region that is within but near the edge of an acceptable channel

quality region

13. The method of claim 1, wherein said decoding process includes at least one of a low

density parity check decoding operation and a turbo code decoding operation.
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4 of the maximum permitted scaling value. 1 12. The
nmet hod of claim 1, wherein said presel ected channel
waeeakireped/al ue is a value 2 correspondi ng to aPCEF1003/024730
region that is within but near the edge of an
accept abl e channel 3 quality9+egion 1 1 13. The
nmet hod of claim 1, wherein said decodi ng process
14, i ngl et fok aagtmiane Pfactdr tdP¥e used 46 B&ild sofPiapit valwbebltined, from
~ decoding operation and a turbo code decodi ng
a signspaesniied thygwghooaynoregedionsThawebeemprargy - 19 1 14.
An appar.at us f.or determning.a r . .
SRAPRAT ot g Do TR AR B d TR 8B ool
t maeptirtRbelalin @ Befinpureainesfi@ataia Asceblednigilal;
conprising: 3 a receiver for receiving a signal )
t ragTReRyteRsotRg & nipselacted hamnelamelibrelen srf dresclegted ghaymel quality
¢ . . - . i L
value {3 HARGLAIG RS R8Y B cHBER A HRTRAS A0 SRAR W ransmitied; and
quadant Yorwahipafing aischlipgesabiest efinctlianefsai dpradel doyed diannel quality
val ue bei ng i ndependent of actual channel conditions
valuegnd phleastiong o SoTH PG ¥APeSvas transmitted; and 7 means
for conputing a scaling factor as a function of said
presel ected channel quality 8 value and at |east one
15. ofTteabparatuseif clagh ldswhdreihSaidjresedgpat citansel ofuality avialwe igla value

wher ei n sai d.presel ected channel ality valug is . a ..
correxpaniRE3o a P i EHOR G F5oar BEARES 5 TLisURE RAReTe] Ghalify region.
t he edge of an acceptable channel quality region. 1
16. The apparatus of claim 15, wherein said
16. priweippataty of kkimdlb, wheteint spid/presededterd chaghelguelity value is a channel
capacity value. 1 17. The apparatus of claim 14,
capaqi¥Pdien” a plurality of soft value distributions are
possi ble, a 2 subset of possible soft value

di stributions corresponding to said preselected, )
17. créwerpbagtrslaf clpim Idawhercin plaradithek sofioedidiaiributions are possible, a

istributions Conr nd t hannel It .
s L LRGBS byt s
valuel wigildisth&@osSblerASIEbiitns detredpohd tdethar deahdl f@alitgchks, said means

whi ch, when applied to said received soft values, 6
for cqmpngasscalingfeetoy Mg st ri bution in said subset of

S . i . i .

ptnden Bon Bt QUL BR AR LARA VT PiPq Rl rcbeived sof vaues,
produzks & kélt Melhé diswiitartien in s#d dubetotsoftoraludetigribitiing goaesponding to said

scal ing factor includes: 2 means for conputing from
presefpctodehapnel gualityvaligi d soft i nput values a plurality of

channel

18.  The apparatus of claim 17, wherein said means for determining a scaling factor includes:
means for computing from at least some of said soft input values a plurality of channel

quality values, each channel quality value corresponding to a different scale factor.

19.  The apparatus of claim 18, further comprising:
means for interpolating between at least two of said plurality of channel quality values to
produce an interpolated value; and

means for determining said scale factor as a function of the interpolated quality value.
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3 quality val ues, each channel quality val ue
corresponding to a different scale factor. 1 19. The
wa@ppanzses of claim 18, further conprising: 2 PEERNS2009024730
i nterpol ati ng between at |east two of said plurality
of channel quality val ues t o203 produce an
i nterpol ated value; and 4 neans for determning said
20. scCEempbagh@lofefim 10UHaeedsatd mehe fontafipalnatad ntiaak idry
. value. WD 2004/ 079563, PCT/ US2003/ 024730 -20 1 20. The
1nter@é%§g}g£a9]g ingfude|campirten Ins{fHetiis Aokeangrotingrasprpenssor to implement at least
: E . forq 2 i ting each include
= por B G R I B i SRR 12 b ocessor T
inplenent at least 3 a portion of said conputing and
%erpolatln operatlons 1,21. The apparatus, of claim
he ghariaiys of glaim S araereiy saidmens frgcarpputingsaid; sagfing factor
mclugé%g:tor 2 includes: 3 nmeans for determ ning a channel
quality function froma first scale factor; and 4
NEREE1S ff«nrdemrhﬁming asharhel quedity fmction fletrer fitstiscake faclaf &md

o icrta 7 ohihe SRTBuER PR 1 RmIOaR Seade 408 GuRis WOsH gbplicd to said
functfoﬁrﬁ&‘én GlPANE]st o dtYin gﬁtax}a‘ijucé 58 ﬂe%ﬁﬁ%rﬁ%@c‘h@m&e?ﬁﬁﬁﬁy, said

eing used as said current scale factor
detenaapmirsa@la $actdr belireg wped 75 saith enreént sede thetorans f or
determining the current scale factor 2 perforns an
interactive process, said apparatus further including:

22. 3 BheePPhrafls of eRBNfIOr Wﬁﬁgﬁtdaﬂﬁntesﬁﬁ fEP&ét@rB{m ‘?fﬂlleecdrﬁzﬁ% ale factor
as a function of a soft val ue scal ed he current

perfoypappinteraettie msedony suddaparatus furtigr lfﬂfﬂwhwpar atus of

cl 2 N Sa d control

c oaan%gﬂrraftopw u%él & ﬁarrgnt gﬁ%ﬁ lﬁaeq?grqaﬁ & tjfx{lglql;wfééoft value scaled by
thecmnw@m@fadtdﬂgeﬁlguphﬁe@cal ed soft 3 value to the target

quality value to deternmne a difference between the

target quality value and 4 the corresponding quality

ek L el

|ono erm ne 1 24. A

necdointparatenida bbrepar g dthaaestRubklyvalueZoffégidnaRig to the scaled soft
execut abl e |nstruct|ons for controlling a machine to

Valueﬁ% thegarget dpliy Bglue to detesnyine & didisirnca §etaeen thedprgebeualitnyrlue and
the cdrASbd 1 of a preselected channel 4
°e quafx% lﬁ%%?du{teyg%gé Q‘lﬁdl east one soft input val ue
o lmhing ﬁo:t adjusting thescalivgy fattoaasatinctoh obsaihd@egtinal difference.
communi cati ons channel, said presel ected channe
gual ity val ue bei ng

24. A machine readable medium comprising;

machine executable instructions for controlling a machine to perform the steps of:
i) computing a current scaling factor as a function of a preselected channel
quality value and at least one soft input value obtained, from a signal transmitted
through a communications channel, said preselected channel quality value being
independent of actual channel conditions at the time said signal was transmitted;
and
ii) scaling said at least one said soft value using said computed current scaling

factor to produce a scaled soft value.
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6 i ndependent of actual channel conditions at the tine
said signal was transmtted; 7 and 8 ii) scaling said
W@rookezst3 one sai d soft val ue using sai d conmpuP€rUS2003/024730
current scaling 9 factor to produce a scal ed soft
val ue. 1 WD 2004/ 079563 PCT/3%2003/ 024730 -21 1 25.
The machi ne readabl e nedi um of claim1, further
25. CcOMw madhhgs reddsba¢ thedinesel cdaitrel] fafiestrempeisiaki ty val ue,
sai d presel ected channel ualléy val ue bein% a .3 .
vaﬁawepr@ﬁ%%dp@ﬁanﬂ@uﬂ&ma@&awa preselgiteshchanne! qualifyewplue being a
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regiosai d channel quality value is a 2 conmunications

channel capacity val ue.

26. The machine readable medium of claim 25, wherein said channel quality value is a

communications channel capacity value.



