WO 2004/ 079563 PCTI US2003/ 024730 -1 SOFT | NFORVATI ON SCALI NG FOR | TERATI VE
DECODI NG RMOI#079963_| CATI ONS: 5 The present applicati on ptEUSR3AR7HEnef |t
of U S. Provisional Patent Application S.N. 60/450,174, filed February 26,
2003 titled "SOFT | NFORVATI ON SCALI NG FOR1-| TERATI VE DECCODI NG'. FI ELD OF THE
| NVENTI ON: 10 The present invention relates to decodi ng and, nore

parti cul aSOFT INFORMIATIONSICALING BOBSITERATEVE DECODING scal i ng factor

whi ch may be used, e.g., to scale soft information values as part of a
decodi ng process. 15 BACKGROUND OF THE | NVENTI ON: Nearly all fornms of

el ect roni wmiorage systens use error-correcting codes.
Error correcting codes conpensate for the intrinsic unreliability of
information transfer in these systens by introducing redundancy into the

data sjream Tirae pRbQR APHlication bRiAE tieibenefitdd (RS, BiovRIonaPPAtERAFdicH@SES N,
est abl i shed bb/,éShannon. Shannon devel o%ed t he mat hemati cal concept of the

channel i A0MAD.d P4 diled Bemary 265 2003#ads SOF LOHQRMARIODhECALINGHORs nodel ed
as a rand ?% st fundanental result of Shannon is the Noisy

channel t%%%‘g?n% |c9161§§}1¢]r0ies for the channel a capacity, a quantity that
specifies the maximumrate at which information can be reliably delivered

t hrough t FeEEDOPIHE INVENRIONttY 1S known as Shannon capacity. 25 Reliable
trans{gssion at rates approaching capacity requires the use of error

cortecti ng. codgfe prel it SR IRL [SRER SR o baARNYTE ol o liove

sufficient relia € approachi ng aci 5el'y as possi bl e.

The conpl epparstuefor idetetmitgny 4 salihf Gaceorrwiicle tay 86 ubély e gQde séade sutt infstdiativanal

factor that comes into play in practical applications of error correcting

codes. 30vHBeePaHN Atleeeding PEICEHr correcting coding systems resulting from
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Nearly all forms of electronic communication and storage systems use error-correcting
codes. Error correcting codes compensate for the intrinsic unreliability of information transfer
in these systems by introducing redundancy into the data stream. The mathematical foundations

20  of error correcting were established by Shannon. Shannon developed the mathematical concept
of the channel in which distortion of signals in communications systems is modeled as a random
process. The most fundamental result of Shannon is the Noisy channel theorem, which defines
for the channel a capacity, a quantity that specifies the maximum rate at which information can
be reliably delivered through the channel. This capacity is known as Shannon capacity.

25  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.

30 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.



-2 Many kinds of error correcting coding systens rely on soft information.
Soft information usually represents a decision on a bit b, i.e., a1l or a
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effect, the Viterbi decoder finds the codeword (x3,...,X,) that maximizes x;y1 +xay2+. . . +Xn¥n

where y1,...,¥2 denote observations corresponding to the transmitted bits xi,...,Xy.

Recently, turbo codes and LDPC codes have been shown to offer significant gains over
20  traditional coding systems such as convolutional codes., The best decoders for these codes,
however, do depend on the scaling of the soft values. Inaccurate scaling of soft values can

negatively impact decoding performance.

Often in practice it is very difficult to know or estimate the correct scaling factor. This is
25  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. Usinga
poor estimate of the correct scaling factor can lead to significant degradation of the coding

30 system’s performance. Thus, there is a need for a method that can provide a scale factor for a



-3 block of soft data, e.g., a set of soft input values, so that the
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i nput set of soft values, will produce a distribution corresponding to a
channel quality matching, e.g., precisely or approximately, the assuned
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receiver, a plurality of soft value distributions are possible at the receiver with the distributions
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20  varying in a predictable manner depending on channel quality. Thus, for a channel of a
particular quality, e.g., as expressed in terms of a channel quality values such as Shannon
channel capacity, a set of corresponding soft value distributions can be predicted. Charmels
having other channel quality values will correspond to different sets of soft value distributions.
Thus, in the case of properly scaled soft values, it is possible to relate a particular distribution of

25  soft values at the receiver to a particular channel quality value given a known coding scheme.

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
30 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.



-4 The determined scaling factor is then used to scale one or nore soft
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does not depend on Automatic Gain Control (AGC) functionality or keeping track of other gains

applied to a received signal in the communications device which is performing the decoding.

20 BRIEF DESCRIPTION OF THE FIGURES:

Figure 1 illustrates an exemplary communications system in which a scaling factor
determination method of the present invention can be used in combination with an iterative
decoder which depends upon correct scaling of input values.

25
Figure 2 illustrates a2 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
30 invention, which determines a scale factor to be applied to soft values in accordance with one

embodiment of the present invention.



Figure 4 illustrates another nethod for determ ning and using a scaling
factor, in _accordance with another exenplary enbodi nent of the invention.
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35, which is coupled to a transmtter antenna 36 is used to transnit data

over the dierpdek Asllysiraiedethe semammicetdonnsystemti0dneludes firstantFecaride transnitter
36 includes n Il 3 d lator 26..The, encqder I npl ement s..any
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transmtted signal. The encoder 28 may be g., an LDPC encoder or a Turbo
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encoder f ol cngapmamicatewith favwielesdemeingl Meda dnaislivaBles to be transnitted
and generates encoded values there from The encoded values output fromthe
encoder 28 are subject to nodul ati on by nodul ator 26 prior to WO 2004/ 079563

PCT/ US2003/ 024 /4 first communications device 11 includes a processor 14, e.g. CPU, input/output

interface 16, input device 20, output device 22, a transmitter 35, and memory 30 which are

20  coupled together by a bus 18. Memory 30 includes data 32, e.g., data to be transmitted and
control routines 34. Processor 14 operating under the direction of control routines 34 controls
the transmission of data to the second communications device 13. I/O interface 16 allows the
first communications device 11 to receive and/or send data from/to a network such as the
Internet. Input device 20 may be, e.g, a keypad, which can be used to input control signals

25  and/or data into the first communications device 11. Output device 22 may include, e.g., a
display for displaying information, data and/or device status information to a user. Transmitter
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

30 ofthe 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 prjor to



-6 being transmtted as part of a signal broadcast from antenna 36. Wile
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compute scaling values in accordance with the invention. While not shown, it should be

20  understood that the second communications device 13 may include transmitter circuitry similar
to that of the first communications device 11 so that the second communications device 13 can

transmit as well as receive data.

In the Fig. 1 embodiment, soft values output by the demodulator 56 can be supplied

25  through the decoder 58 to the processor 44 for purposes of determining the scale factor to be
used as a function of the preseleced channel quality value 66. The processor 44 can then scale
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

30  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.



by decoder 58 may be, and often is, the inverse of the encodi ng process
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particular quality, e.g., as expressed in terms of channel quality values such as Shannon channel

20  capacity, a set of corresponding soft value distributions can be predicted. Channels having other
channel quality values will correspond to different sets of soft value distributions. Thus, in the
case of properly scaled soft values, it is possible to relate particular distributions of soft values at

the receiver to a particular channel quality value given a known coding scheme.

25 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 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

30 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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quality value 66 may remain fixed during eéecoding for extended periods of
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functionality or keeping track of other gains applied to a received signal
in the_communi cations device 13. 5 Capacity targets, e.g., channel quality
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hi ghenot han that dictated by the above nethod. 15 It will be clear to

experts in the _art that fmmctional s other than binary capacity can be used
as a basis for Itkagibesyobseredsbasraling dafabipioe large aifactorinpuns l¢ss dggradationdhdny e) .
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critical channel paraneter Tor the code being used but within or just
outside the 20 range of acceptable channel quality val ues, assune that the

h | h h | | j | h | i
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presel ect @ a®asin filscaliid. iOne pdssibRRIxasld 9 tEdl@liéBm!gttaﬂf{& lﬂfl- Biféts,\ea. ues. As

w || be discussed below, a scale factor to be used in scaling soft val ues
produced Ipyeselected channel quality values are selected and adjusted accordingly, but the basic principle

remains the same. Once this is done the method is the same: use a preselected channel quality
value near the critical channel parameter for the code being used but within or just outside the
20  range of acceptable channel quality values, assume that the actual channel matches the channel
quality value, and compute the scaling factor which would produce a soft value distribution
corresponding to the preselected channel quality if applied to the input set of soft values.

As will be discussed below, a scale factor to be used in scaling soft values produced by
25  demodulator 56 is generated under the assumption that the unscaled soft values generated by the
demodulator 56 were transmitted through a channel 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
30 corresponding to a communications channel having the level of quality specified by the

preselected channel quality value 66.



25 denodul ator 56 is generated under the assunption that the unscal ed soft
val ues genem 2§4B19S6he denodul ator 56 were transmtted tPEHUSRNIOMAMNNel
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the sd@ling factor as a function of the soft values output by the

denodul ator and the presel ected chapnel quality value, a channel quali tt%/
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| east one ib#pRlisd generaied. QuReme the applicd pral BUPERITSH to py he gument seale

presel ect ghuGNANNRIstHURld fi¥otYd! dShe soft values output by the demodulator. In accordance with

this particular embodiment, the determined quality channel function is solved to determine a

20  scale factor which, when applied to said function given at least one of the soft values generated
by the demodulator, produces the preselected channel quality value.

In still other embodiments, a channel quality value corresponding to a soft value scaled

by a scale factor, determined in accordance with the present invention, is compared to the

25  preselected channel quality value, and the scaling factor to be applied to a subsequent softvalue
is adjusted as a function of any determined difference, e.g., to reduce fiature discrepancies
between the preselected channel quality vaiue 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

30 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



In still other enbodi ments, a channel quality value corresponding to a soft
val ue scal eWO 2004/679863al e factor, detern ned in accordance RUTUS20B02461538sent
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highest when the actnal channel conditions are close to the critical region. If the channel is

20  much worse than the critical region, then scaling is often irrelevant since the decoder is very
likely to fail anyway. If the channel is much better than the critical value than scaling is not as
critical to successful decoding.

The method of the present invention assumes that the channe] is near the critical region,

25  e.g., near the edge of the acceptable channel quality region, and derives an appropriate scale
factor based on this assumption and the unscaled soft input values. We will show how to do that
below. If the channel is near the critical region, but still in an 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

30  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 chammel conditions anyway. If the channel is much better than the critical value

than scaling based on the use of a preselected channel quality value near the critical region but



likely to fail anyway. If the channel is nuch better than the critical value
t han scal i n}¥Q 20048719563 critical to successful decodi ng. THI/HBIORHER4HI0 t he
present invention assunes that the channel is near the critical region, 25
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the critical region which corresponds to acceptabl e transm ssion perfornmance

but is close to the area where the channel quality becones unacceptabl e.
Soft values obtained from a signal transmitted through a channel having a particular

quality as indicated by a particular channel quality value will tend to have particular value

20  distributions, e.g., due to a particular amount of channel noise. Accordingly soft value
distributions will correspond to channel quality values. A plurality of different soft value
distributions normally correspond to a single channel quality value. Different sets of soft value
distributions will correspond to different channel quality values. This fact is used in accordance
with the present invention, to determine a scaling factor to be used as discussed below.

25

The various methods of the present invention are based on certain properties of typical
channels. These properties include 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, €.8., a

30  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(-y|x=-1). Let f denote the density of the magnitudes of received log-
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-12 likelihood ratios associated to this channel . Then, the binary Shannon
capacity, ‘angstimatgthecarraspending cheagael qpity velugnes canpcitypf thechamehresl i s
given by J(1; h(z(x))) f (x)dx where 0 z(x) = and his the binary entropy
function (eds@t Lyel)) . Miflilatly; # theQd@ndel vagabity © whieknéwh kve duld solPRR %
we have ann@gitpirical sanple, e.g., the 5 magnitudes ofunscal ed soft i nput
values, lyll,...4y" where y; is equal to a _, tinmes the log- likelihood
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capacity of the chdhnel, as 1n n 1 (- h(z(al vy, 1))). Simlarly, if the
channgl0 capéciHoyerCappesRiatelpVilg.y\eet Goedntk tafpel/caphcity @', one can solve the above equation

to find @, and thereby determine the scaling factor. The determined scaling factor can then be

used to scale the soft input values to produce the scaled sequence @ y;... oy, which is then
provided as the scaled soft input to an iterative decoder. When this is done in accordance with
one of the various embodiments of the invention, then performance of the decoder will be nearly

15  the same as when the correct o were actually known. Furthermore, this technique can be used
regardless of the type of memoryless channel, e.g., regardless of the distribution of the
magnitudes of the log-likelihood ratios. This 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

20 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

25  particularly useful in situations where the channel is complicated and can change quickly in

time, e.g., in the case of wireless fading channels.



, nhusing Ca -Z (1- h(z(al Y, D) . The basic idea is that if the

presel ect edwohzmosretosepual ity value n t_| 10 Cis chosen apifuidgseiyso €- 9.,
set to sonme target capacity G, one can solve the above equation to find a,
and thereby determ ne the scaling factor-13Ffhe determ ned scaling factor can
t hen be used to scale the soft input values to produce the scal ed sequence

2y . ay Whirhrichddi B heltroMheRofon WA oAb ESksditldd itRiéreloRod o Figiald Ve

decoder. When t IS I's done iI'n accordance with one he vari ous

enbodi nen#s of the invention, then performance of the decoder will be nearly
15 the sane as when the correct a were actually known. Furthernore, this
techni que can be used regardless of the type of nenoryl ess channel, e.g.

regardl ess of Ft% 29insdifatelUhiif 1eaien£aﬁen WIREY § gf&;orgfgede&)aed f&f%lgl‘%ﬁqsgt of

rati os. This is because It haS been observed th critical “region is
descr i bedinput vanessl02fasa fohetivmalf aqueselectedchinre] qealify valnb d 0Gheagnochanaglaci ty of

t he channel th typi cal paraneters, such as s2 for the AWGN
channel” ptaﬁ’éy%r" éé’a%\?g‘ probability 20 for the binary symretric channel,

t hen the observed critical region does not depend significantly on the
particul ar channel and can, in nost cases, be nearly uniquely described by a
channel qualiﬁyﬁnpﬂ@@thehmutmmhﬂaﬁhﬁhwﬂquhanngﬂozaﬁgpmmquﬁmuﬁadangmﬂdnr

528‘ 32pf§ﬁé@aaﬂtﬁea”ea”% et P erectsba porgeti oaiie Gyt o E‘%'géh%&uffqoiweﬁé‘%?!s
p:ﬂ |gcul aw&llﬁ%q%n%gﬁéﬁgﬁog%i%%%ﬁ%ﬁgﬁﬁé bﬁs corrpl I c&flegB ?Pagan

change qubekkptezﬁ.sﬁdaﬁfdibwse g., in the case of wireless fading channels.
2004/ 079563 PCTI US2003/ 024730 -13 The nethods of the present invention w II
now be described with references to Figures 2- 4. Fig. 2 illustrates an

i npl enentati on where a scal ii «factor is generated for a given set of 5

i nput values 102 as a fun@t=or) ¢f- a(zr{aqg;e])pct ed channel quality value 100,
e.g., a channel capaC|ty target value Ct. In step 106, the input unseal ed
soft values yt,...,y" 102, e.g., the output of a denodul ator 56, and the
capacity target & 100 are used conpute a scale factor to be applied by

solvipg a where C' is the preselect channel quality value, e.g., channel target capacity, i is a count
varable indicating the number of the unscaled soft symbol in the input set of n soft symbols and
h is the known soft value distribution function corresponding to the corresponding coding
function used.

20 Next, in step 110, o 108 is used to scale the unscaled soft values yy,...,yn 102 to obtain
scaled soft values ay,..., ¢ yo 112. The scaled soft values a yy,..., @ y, 112, assuming
appropriate scaling, will be , in one embodiment, log-likelihood ratios which can be reliably
decoded by the iterative decoder 58.

25 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
30 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 |yl,...,|¥x|
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determi nation nmethod of the inventidn which 30 deternines the scale factor
to be applied in a single pass over the input unseal ed soft values y;...

y,,. 202 as a funnton of the presel ected channel quality value 200, e.g.,
capaci ty tar geThe, in step 268, the estinaip fastscals fatorigrefimed by using @fitdog fumctionictgides

of the unseal.ed.soff.val ues 202 |ytj =] .yNj 2004/ Q79563 .
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each possible argument and then average them over the samples. Inverse interpolation may be

done in hardware as a successive approximation iteration using elementary
addition/subtraction/shift operation. The capacity function g() or the coefficients of the fitting

15 polynomial can, and in some embodiments are, stored in a lookup table included in memory 60.
It is possible to perform this capacity computation on the fly during system data transfer
operations. A refined estimate of scale factor & 210 is obtained as output from step 208. Next,
in step 212 ¢ 210 is used to scale the unscaled input soft values y;,...,y, 202 to obtain scaled soft
values 0y,...,0y, 214. The scaled soft values ayy,..., 0y, 214, assuming appropriate scaling,

20  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; .
25  are processed continuously, e.g., in a turbo equalization scheme. In this case the scale factor
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 (o [y;[).
The error signal is then filtered and applied as a correction to the current scale factor to form an

30  iterative update process. In this may be done as follows:



as a function of the unscal ed soft values 202. For exanple, a 2nd or higher
order inverW® 20041478530l ation is perforned to estimate the RITARIHHIP
mat ching the target capacity Ct. An 10 alternative and nore accurate nethod
whi ch may, and sonetine is used to inplemdht step 208, is to tabulate
coefficients of polynomals that fit the function g(a x) as a function of a
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| nverse int eEgolegti. n may &e dondg#;n hardware as a successi ye approxi mation
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It is posyahbws embqdiménts tn béneativalyamally e.gq bess taini296 of thetraxifnluyn whhid By dst em

dat a téansfer o&%r?tiﬁ;\ns.lf é@fgl ned estimate of scale factor a 210 is

obt ai nd XLTEHY GRS 558 el hobihg magimpm size 0f gy ep 212 a 210 is used to scale

t he unseal ed i nput soft values y',..., y" 202 to obtain scaled soft val ues

ayl,...,ay" 214. The scal ed soft values ayl,...,ay" 214, assum ng

appropri at e scdhiswethdd hesharcadditidrial bdvantage retuftar syuafizdtion-sthdoadsi ds dorkn madintei

I n sonme enbodi nents,. can be .accur at el rocessed by the decoder 58. Fig. 4
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in a system where so are process ntinuously, e.g., in a
turbol@qual i zation schenme. In this case the scale factor a can be determ ned

using a control_|pop. , The erroy signal_in the control |oop is determ ned by
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it can main
factor a may be initially set to a predetermined starting value, e.g., 1, and converges as filtering

20 proceeds. As part of the filtering process, the filter used in step 308 measures capacity
contribution and compares it to C*300. If capacity contribution is larger than C', the scale factor
o 310 will be reduced. If capacity contribution is smaller than C', the scale factor a is increased.
Next, element 312 multiples or scales the value of scale factor ¢ 310 output from filtering step
308 by the unscaled soft value y; 306 resulting in a scaled soft value « y;314. Scaled soft value

25 o yi314is input into a decoder 316 which outputs extrinsic soft information 318. The extrinsic
soft information 318 enters the equalizer 304 where it is processed into a new unscaled soft
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

30  equalizer step 304. The looping continues until a satisfactory scale factor value o 310 is
obtained. Then the scaled value of & y; is used as a log-likelthood ratio by the decoder 316 to
generate output 320.



nearly constant input capacity throughout the decodi ng process conpensating
for positivWoXed/e9S@eedback com ng fromincreasi ng decod®CTAKR2003/24730 s of t
output. 10 In Figure 4, data fromthe channel 302 is subjected to equalizer
and/ or denodul ator processing in step 38%-resulting in an output of an
unseal ed soft value yi 306. The unsealed soft value yi 306 and a

presel ect ed chamPRurafi&leiprsertihe graph.of the feapesh gyv&ﬁfegg(k)&qr—a(zgt)ywﬂh@ode C
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a predeterm ned starting val ue, 1, and converges as filtering 20

proceeds. As part of the filterlng process, the filter used in step 308
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contribution is | er than G, the sc Iefactor a 310 will educed. |If
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decoder 316 which outputs extrinsic soft |nformat| on 318. .-The extrjnsic

sof t i nf orHiErRasivelys Hesiape oS therscseniinn prtion mayberglemente using dedicethardvereq

new unsealy Grdiap Sfvigle soft value yi 306 enters
filtering %’i’ep EJ%%aﬁ’c%r;hf% mﬁ:ﬂr@mﬂ ering %&Hcs)cesm%g previ ously descri bed
occurs, in order to slowy drlve the value of scale factor a 310 to the

correct val ue. Processing proce agai n through the scaling step 312,
decodi ng 316, ahg abevednsaribedapetho pargiis awek ﬁ'&te@ofa F pcoith ¢ ¥asisty of
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out put SZQDBM%GﬁgChﬁ&E&&oHG&Hdl@%MQMYSO -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/(I+e"),
corresponding to the use of Shannon channel capacity as the channel quality
value. If x is a

)




random variabl e distributed as the magnitude of |og-1likelihood ratios
associated to a particular 5 channel, th ﬂ_the expected value of g(x) is the
(bi nary input) Shannon capacity for that channel. The above descri bed

met hods na%¥§§ghgg%ggggigd in a conputer systemthat includes nenory, a CPU
and one or [ or output devices coupl ed together. The nmenory
includes a routine inplenmented in accordance with the invention. Wen
executed, the r utiFe 0 cayses the CPU to re eive,pgrocess and qut put data

in accordarce witTCRIHOISPEAlRg an apPURES Hscale spft Wpityalugs pltaingd, fomasignabs ¢ he
present i NRAhiAE MFRYIgh 8 coMPUBITRIVNS thavdING pR Of £ adcBdink BFI¥R! Be mefiod -
circuits and/or a con%ination of hardware and software. The above descri bed
met hods and@C@ppaiiat us are well suited for use with a variety of 15 decoding
t echni ques whic . ; i j S

el de. LOPC deaiing Saenc daliae GEEF! DinglohRRpR3 G SEMER veo
1. A et hodndat legskenstal sajd seft vgdyrsr widmeselscisd ehapne gfiality mpue baind ndependentivfned,
froma sig ] § L i i . channel , as part of a
decodi ng p9@%@§%&§@ﬁghﬁ@§ﬁ%§%kggﬁgﬁﬁE%ﬁgnwc&%%ﬁ#ﬁﬁgﬂﬁﬁcurrent scaling factor
as a function ofcalinporesdlsaid seftl valhansial sajd edmpuycdiairast scaling fadtorite potiucene of
said soft values, said presel ected channel quality val ue being i ndependent
of actualSﬁﬂ%ﬁﬁ&ﬂm@%hditions at the time said signal was transmtted; and
scaling one of said soft values using said conputed current scaling factor

to produce a scaled soff value. 2, The thod, of claim 1, wherein a
plurality Jf sof e v'ajha&é?l@m b Wi@&?saarﬁgg seff e igrbfhs e Ptk bl e
sof t val ue sgbs3i 6fi JasKinIO Bkt Wécﬁaﬁaﬂféhm&%&%gtmﬁﬁﬁkﬁ%@ chhaanghligual i ty
val ue while other possible distributions correspond to other channe uality

val ues, saivdlugtdige gther passipladistriputions roprespendtopthen ghamarlayality melpes saidstep o

det er mi ni ng.a maj&gfelﬁt%él el GhudMen applied to said received soft

val ues, proguges a soft value Jistrl tion in said subset of soft val ue
di stributions cdetemupiogdiscading factonwdiohy ehkenl applieddo saith saseized splialues; presducrs a 3.
The net hod 0 | ai.m 2. .wherein deterning,a.. | ing f r.ine ;
conputi ng. pbE uBuoNIFisdh 3yt R TR Ry PR o 4 P Rggees
channel quaharingl quality value. '

3. The method of claim 2, wherein determining a scaling factor includes:
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.

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.



val ues, each channel quality value corresponding to a different scale
factor. 4. The nethod of claim3, furtth_ponprising: i nterpol ati ng between
at least two of said plurality of channel quality values to produce an

i nterpol ated valye; an t.erm.njng said. current scale factor as a function
of the int?fpolgﬁ%ﬁmﬁﬁgPﬂﬁymvghﬂg@pmgmm§ﬁ%'nethod of claim1, wherein said

pr eﬁ eljec]'E edl c hamﬁh\g/vh spid funttyormaldeternhifie & scalkained whicla paeh hppliv@lougid fGactibhie

nmet hod of clai m.3, erein conputi.ng said scaling factor includes; .

det ermi ni n@“’&"é‘ﬂaf“elﬁ?“ AR I'%&TW%‘”P@WEH tangb“rha%“"?ﬂWé‘ttY’ §?§gpg"'%&°@or.
-18- 7. Thecdiefabedbedhg wse@biRald curéhd 0886 fL@mpPri sing: solving said function to
determ ne a scale factor which, when applied to said function given said at

| east some soft input val ues, produces said target channel quality, said

det er mi ned g scairfe fiahb®br N80 wiSRHh Rferffint (USRI scile %c?orfi@@rpaf;a i@rativd'®
d h | f act or

met hod of claim 2, wherein determning the current scale fa is part of a

iterative Dpicessdhat inchules:i ncl udes: updating the current scale factor as a
function of a s . x ' at ed.
o "The met hod ofP i GuRERAle Mol (5 EE0RDES 3hefte SHBE QL npELTR: MBH
channel qudadténpeinglupdataor r espondi ng to the scal ed soft value to the target
quality value to determne a difference between the target quality val ue and
the corresponding quality value; and adjusting the scaling factor as a

function of9, sai Thelmemodrofesime, whetetrvarl updfling Tidudeet hod of claim 9, wherein
said scale factor is, adjusted in a direction, which reduces . subsequent

i Tferences bet RUBRIFHAG ChRRhmplJake eefr%qr@glg&ﬁwégaﬁeﬂiwﬁﬁa'ueéo fize target
subsequent |q?]ialit? VAR dYfdriiRe B e&Ahe tahRE §RNlinCHARNAY t1RURkbdpYndAd Ue.

11. The method of claim9, wherein scale factor adjustnents are made Within
a range e@udlivelaeid8dween a maxi mum pernitted scaling value and a nini num

permi tted scali aguyalk e callddhotbdialnuRonl 6r b Ak liafRaL s being no
| arger than a ma@lurm adgjc%s'{%necnt step s%e So@q%g%’mo the maxi num pernmitted
scal i ng val ue.
10.  The method of claim 9, wherein said scale factor is adjusted in a direction which reduces
subsequent differences between the channel quality value corresponding to a subsequently

processed soft value and said target channel quality value.

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.

14.  An apparatus for determining a factor to be used to scale soft input values obtained, from

a signal transmitted through a communications channel, comprising:



12. The method of claim1l, wherein said preselected channel quality value is
a value corresponding to a quality region that is wthin but near the edge
of an acceptable channel quality region_;§. The nethod of claim1, wherein
sai d decodi ng process includes at |east one of a low density parity check
decodi ng operation and.a turbo code decodi operation., 14. apparatus for
determining a fACtSIeE B reeygg S{%alst@ﬁflgmg‘gg’foﬁﬁﬂﬁ?m{}’éﬂf’ﬁ%téo“éggaépﬁgd, from a
si gnal transnit ednd for genghatiag seTMapitivaRbd PEA s4il ARG siGRIPr i sing: -19- a
recei ver for receivingﬁa signal transmtted rhrough a comruni cati ons

channel :  nmeans FERYRREPHRE fBresgiscted chpnpe! Qaliyealue, i eselscted ekangd @udlitynal

menory for \hebeig irlefnasg!oaites cRinBInBhdidstalat th¥ iR!ska sighall whs R BSEHEE hsd
channel quality value being independent of actual channel conditions at the
tine said si gnalmsfasior pupputing g sepling fagtor pmtysctios of saidrpiesqlertedrhanngl qualityf act or
as a functiQReQhd sAkd: Mot bt fleannel quality value and at |east one of
soft input values. 15. The apparatus of claim 14, wherein said presel ected
channel quality value is a value corresponding to a quality region that is
near the edge o p ne | regi.on,. ...-he apparat us of
cl aim 15, er eifrhgs I gfﬁ%rotgggilhgé%’e Eﬁét%ag&é@c‘l‘qeﬁf\éfefjt% gén\?gl %’3&35" aléfeg aa‘}fo’?ﬁn)ué’l
capaci ty valorrespofiding fbreequalifyaegitnithatab near dhereddedof anfaerepiable@hfminal @lalityyegidn. sof t
val ue distributions are possible, a subset of possible soft val ue
di stributions corresponding to said presel ected channel quality value while
ot her possitg e dihsbppakitiis TRRirk 05, R shid fre@ldIRH chATMBINRhligYaluk ida Shahiees,
said neans for conputing a scaling factor including: neans for determ ning
a scal i ng fRB3HY VilHit-ch, when applied to said received soft values, produces
a soft value distribution in said subset of soft value distributions
correspondi ng to said preselected channel quality val ue. 18. The apparatus
of cl ai m 1717- whdhepppasipspleisim 44 rwherdee plupalifh of gof valoe tistiguticns aesrpossitle.udles:
means for oKLt ResiblE Of Bliud SATbuRATEorRpdiird 1 Ofd prBRled (RlESq AR UTal T Ty
of channel quality values, each channe %ua ty Val'ie corresponding to a
di ff erent scehleeviilgother posiidle didtebuiopsroatespondfo athexichanhsl qualitytvhlees, sodpeansi ng:
means for it%% er p%tigé‘jiggligge%ac (ralr}lcfliltdinlg:east two of said plurality of channel
qual ity values 10

means for determining a scaling factor which, when applied to said received soft values,

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

preselected channel quality value.

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.

20.  The apparatus of claim 19, wherein said means for computing and means for
interpolating each include computer instructions for controlling a processor to impiement at least

a portion of said computing and interpolating operations.



produce an interpol ated val ue; and nmeans for determ ning said scale factor
as a function of the interpolated quality value. 20. The apparatus of claim
19, wherein said neans for conputing and,pmeans for interpolating each

i ncl ude conputer instructions for controF ing a processor to inplenent at

| east a pqrtion, of said uting and interpplating. operations. -20- 21.
The appar a?[ljs o?h%‘llpz?fiﬁi"fé’?g%éiéei“ﬂw’?m St‘}“d:}ﬁ?i‘ﬁgpqﬁ?mﬁ Wﬁﬁ?lflﬁ‘gahg%?a&toécal ing
factor inghddieg: nmeans for determining a channel quality function froma
first scale factor; .and neans for solving sajd funciion o determ ne a scale
factor which, mﬂ’é?‘f‘safﬁrdjjefeé'a“l"%g %éiaﬂne?ﬂ’éﬂ\‘&?f“lﬂﬁmﬁifv’éha éﬁf yaelaqiradd sone soft
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factor being used as said current scale factor. 22. The apparatus of claim

17, wher ei funstprigivermsad Ftdgasirome st iipHgvalues peedupasisridderastehanet Glitypwid or ms an
| nter aCt'V%e@ﬁﬁﬁ@c?s%ale?@dtcﬂé)@?lg%&ltaH%aiElEﬁr%&%calerfﬁétbid' ng: a control |oop for

updating the current sca ctor as a function of a soft val ue scal ed by
the current scale factor being updated. 23. The apparatus of claim 22,

wherein saiy CORp[ gdga.laﬁg%fm@l Pﬁ%ﬁeﬁ, Rihéh E‘o?rdetfe finfh [k séalgt%@dape' .
qgual ity valle corresponding to the scaled so value to the target quality
val ue to deedomisne ideditiveprensesaiteippeatus filrthet iaclgdihg:.qual ity val ue and the

correspondi ng quality. value: and neans for adjusti t he .scal i f r as a
Function of | Sar Acoslopp e aRaBan Shs el B flionosasah e asalt Bt
conpri si ng;thd'@eiahtCale FR o beihg epdatd! r uctions for controlling a machine to
performthe steps of: 1) conputing a current scaling factor as a function
of a preselected channel quality value and at | east one soft input val ue

obt ai ned, fyzom ?hé&;ﬂ;‘ﬂ?a'tus?oﬁ“@l'aﬁﬁrbi,tvﬁférqi& ﬁ(ﬂéﬁﬂolﬂocﬁﬂﬂm&gs?a“ ons channel, said
presel ected channel "quality value being 1 ndependent of actual channel

conditions at tReomparatosar compagingp changchqualify irelue eatrespendingite theseaktd s sai d at
east one S i SRE farted glifieddiiioho HetefnihO MBI RHc BN ER Sl Uiy vBRE Gha  ©

produce a ed SO
the corresponding quality value; and

means for adjusting the scaling factor as a function of said determined difference.

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.

25.  The machine readable medium of claim 1, further comprising:
said preselected channel quality value, said preselected channel quality value being a
value corresponding to a quality region that is near the edge of an acceptable channel quality

region.



25. The machi ne readabl e nedium of claim1, further conprising: said

presel ected channel quality value, said preselected channel quality val ue
being a value corresponding to a qualip& region that is near the edge of an
accept abl e channel quality region. -21- 56. The machi ne readabl e nedi um of

| ai m 25, [ ' I | i . iS.a. icati .ch I
capaci by vittue. 35 asginEARRE By of iR Bredule R wpl PhRace

obt ai ned f reommungiatioralchsmah@padityedluet hr ough a comruni cati ons channel as part
of a decodi ng process, said apparatus conprising: a processor configured
to: conpute a current scaling factor as a function of a presel ected channel
qual ity valafe amh appark@asperste®toatals siftinptivhlu¥PdbiBSed fFoth 8 sRhASRhGGH&D channel
quality val He ein i ndependent of actual channel conditions at the tine
sai d si gnal'RY8h 2 FolRRRIEatigps ci"éwefl avRaAreof g decadingPapagsss ¢id apparatis somerisieg: sai d
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30.  The apparatus of claim 29, wherein said preselected channel quality value is a channel

capacity value.

31.  The apparatus of claim 28, wherein a plurality of soft value distributions are possible, a
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32.  The apparatus of claim 31, wherein said means for determining the current scale factor
performs an interactive process, satd apparatus further including:

means for updating the current scale factor as a function of a soft value scaled by the

current scale factor being updated.





